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tr.i.Mtc _tn-r.i.al. natai.1ftd nuw!r.tC".a1w:de1i.nq of: the_
capactt.ancn __ u~ntB haVA a1J1C'Jbeen car.r.i.ftd out and
haVCl all"*Ad UB t.o tdenti.f.'y thA ~1.tudA of: the Wlb\1.ty
Adqn var.tati.on and thA thA r.o1A of: tnter.f:aa! IItatfll' tn
I:hA tr.&Mi.ti.t>n T.nqi.on. 't'hA T.n1attoMhtp of: our. ntBu1t8
1:0var.i.oun NBupnr.1atti.op'NBtr.uctunt" tn a-S1..R f1.1.- ";.11. ..
bn dincuoBOd.
,. "'r.~ aI: Or.nqon IJUppor.tAdby NSP' Gr.ant ~ a?07437.

15:30
... NE 11 Persistent Photoconductivity in

a s1:H/a-SiNx:H Layered Structures*.. S.C.
AGARWAL**and S. GUHA. Enerqy Converaion
Deyices. Inc. -- A persistent photoconductivity
ettect (PPC). which lasts tor many ainutes at
rooa temperature atter a briet exposure to
11ght. ls observed ln multiple tbln layers of
alternatlnq a-Sl:H and a-S1Nx:H. In
addltlon. tbe samples ln dark are tound to get
polarlzed upon appllcatlon of low electric
tlelds. parallel to the l~yers. The
depolarlzation takes several minutes at JOOK.
These ettects become larger asthe number ot
layers are increased. However. the largest PPC
observed in tbese layers ls much smaller tban
that reported for amorphous doping
aultilayers. Our results are explained in
teras of deep traps at the interfaces.

• submitted by S.J. Hudgens

** On leave trom Indian Institute of
Technology. Kanpur. India

15:42
NE 12 High Depth Resolution RBS ADDlled to
Plasma-deposited a-Si:H/Nitride Interfaces. J. R.
ABElSON,' C. C. TSAI" and T. W. SIGMON, Stanford
Electronics labs A multilayer structure based on
ptasma-deoosíted a-Si:H and Si3N. will achieve quanturn well
effects only if the interfaces ean ~ made sharp relative to the
layer thieknesses of - 10 - 400 A. We have examined the
interfaces using grazing exit angle RBS/ehanneling of 4He+ . We
have reduced both geometric and etectroníc noise, optimized our
geometry and predicted !i constant 35 A resolution Irom lhe
surface to a depth of 250 A.• Our measurements resolved both Si
and N scattering Irom 100 A thick layers as rectangular spectra
with a 35 À resolution. For nitride deposited on a-Si:H the 51
signal changes abruptly. Bycontrast, silicon deposited on nitride
shows an interface gradation, consístent with the observation
that NH3 has a long residence time in the reactor following
nitride growth. Graded interfaces with intentionally added
compcsítlonat steps have also been studied. .The effect 01 the
observed asymmetry, depending on the order 01 deposition, on
lhe properties of the a-Si:H/nitride interfaces will be disclissect.
·Supported by the NSF-MRl Program through CMRat Stanford.
··Xerox Paio Alto Res. Ctr. .

15:54
NE 13 ~ce Cha~ IbpiDJ 10 a-5i:8 np 5uperlattices.
I. Olen, rox wé ter Research CêOter. 'lhe potential
distributions and the quantum mechanics of electrons in
dopiDJ (np) superlattices are investigated theoretical-
ly. It is shown that the interlayer barrier height
decreases with the layer thickness as a consequence of
space charge doping. Thus, there exists an optimum
thickness for carrier confinement. In a-5i:H np super-
lattices, this thickness is found to be 10 the raDJe of
several tens of oro, anel is nearly ao order of magnitude
larger than the thickness of a-5i:8 compositional super-
lattices (eo9. a-Si:H/5i~) in which the quantum effect
becomes sign1ficant. Yet, this ís consistent with the
observation of persistent photoconductivity in a-5i:H np
superlattices of this thickness.l The analysis
attributes the large difference between the critical

thlcknesse. ln tbe two type. of .upe'lattlc •• to t:1'll
different effects of space charge dopiDJ on the barri~~1
height. ,;,.r:<,;

. ~::I-:r
l.J.Kakalios, H.Frltzsch and K.L.Naraslmhan, Conf. on

Optical Effects in AmorphousSemiconductors, Snowbird,
Utah, 1984

16:06
NE 14 Growth and optieal properties of glassy ehaleo-
genide multilayer thin filma*. K. SANO, N.X. CREN,
J. ZEMEL, and S. RABII, Univ. of Penn. -- Kultilayer
amorphous ehaleogenide thin filma are prepared by
sueeessive spta eoating from organie ehaleogenide
solutionsl, up to the th1ekDess of 4 ~m. The d1fferent
layers in a single f11m are either the same or altemate
between different ehaleogenides. Transmission speetra
in the visible range are measured for alI filma. The
dispersion of the optieal eonstants are given for the
multilayer filma of the same ehaleogenide system.
lG.C. Chern and I. Lauks, J. Appl. Phys., 53, 6979
(1982); 54, 4596 (1983). -
*Supported by AFOSR-84-0J20

SESSION NF: SEMlCONDUcrOR
HETEROSTRUCI'URFS-PLASMONS AND IMPURITY
EFFEcrs
Friday aftemoon, 29 Marcla 1985
Room 301 at 13:30
S. J. AlIeD, presidiDg

13:30
~1 Layer Thiekness and Composition Dependenees of
Deep ~ in GaAsTcã...ul_~ and Si/GaAal_b
Superlattiees. JUN SHEN, SHANG YU~REN, ANO JOHN D. DOW,
U. of Notre Dama* The dependenee of the deep trap
energy levels --rn- GaAs/GarUl_..Aa and si/GaAsl_xPxsuperlattiees on the layer thleknessee as vell as the
alloy eomposition is predieted by ueing a super-eell
method. It is found that so.e lmpurities, ineluding bulk
ehallow-donor dopants, exhibit a shallow-deep transitlon:
ae layer thleknees or alloy eoapositlon is varied,
shallow traps beeome deep traps.

*Supported by the Offiee of Naval Researeh (Contraet No.
N00014-84-K-QJ52)
13:42
NF 2 Conduetion Band Crossover Effeets ~ Deep Levels
~ Ge/AL~l_~ and Sl/SixGel_x Superlattiees. D. A.
VASQUEZ, S. Y. REM, JOHN D. DOW, U. of Notre Dame* . We
report predietione of the deep-rmpurity levels 10
superlattiees of Ge/AL Gal_xÃB and of Sl/SixGel_' The
ealeulations follow t~e aeneral splrlt of the Hjafaarson
aodel of deep levels (1), vhieh is known to aive a aood
aeount of the deep levels in bulk sealeonduetors. We
display explleltly the dependenee. of the deep levels 00
alloy eoaposltlon x and ou the thieknesees of the two
basle euperlattiee layers. Partieularly luteresting are
the eousequenees of the eonduetlon band eroeeover 10
Sl/SlxGel_x' and the shallov-deep traueition of some
noraally shallow levele into deep levels, eaueed by
quantum eonfine••nt.

(1) H. P. Hjalllareon et aI., Phys. Rev. Lett. 44, 81.0
(1980) •

*Supported by the Offlee of Naval Reeeareh (Contraet No.
N0014-84-K-0352).
13:54
~3 Ground Impurity LeveI in GaAs-AlGaAs Superlattiee!
LIDERIO IORIATTI , and RAPHAEL TSU~ Instituto de Fisiea
e Quimiea de são Carlos, Universidade de SaoPaulo, Brazil
-- The binding energy of the ground leveI of an hydroge-
nie impurity in a GaAs-AlGaAs superIattiee is investiga-
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ted by means of avariational procedure which incorporates
a11 the miniband states.This is,acomplishedby ccnsuruc-
ting a trial wave function consisting of an Is hydrogenic
state modulated by an unknown amplitude, '",which depends
only on the distance along the axis of the superlattice'.
Upon integration over the transverse coordinates"the
minimization of the expectation value of the'total H leads
to a differential equation for '"which can be solved exact-
ly for any square well,potentials and impurity Locat.Lons ,
lt is found that for an isolated Q.W., our results are
much larger than previously obtained where'mixing of Q.W.
states were neglected. For superlattices having widths of
the minibands in the order of or larger than the binding
energy 1tself, results are substantially different from
those obtained for an isolated well of the same width.
* Also at Energy Conversion Devices, lnc. Troy,Mi 48084
+ Supported in part by the ONR grant No. NOOOI4-83-G-0140

14:06
NF.4 Hydrogenic Impurities in Quantum Well Wires. J.
BROWN AND H. N. SPECTOR, IITIt,"- The binding energy of
hydrogenic impurities in a q~antum well wire has been
calculated as a fUnction of the vidth of the quantum
well vire snd the location of the impurity vith respect
to the axis of the vire. The calculations have been
performed using a variational vave fUnction which is
a product of a ground state hydrogenic vave fUnction
vith a vave fUnction which takes into account the
confinement of the electrons in the vire.For the con-
fining potential used in our calculations ve have
used the models of either an infinite potential vell
or a finite potential vell whose depth is determined
by the discohtinuity of the band gaps in the quantum
well vire and its cladding. For the infinite poten-
tial vell model, the binding energy continues to in-
cresse as the radius of the vire decreases while in
the finite potential vell mOdel, the binding energy
reaches a peak value as the vire radius decresses
and then decreases to a value characteristic of the
cladding. The binding energy also depends upon the
location of the impurity in the vire and is a m&X-
imum vhen the impurity is located on the axis of the
vire.
.Supported by ARO Contract DAAG29-84-K-OI09

14:18
NF5 Far lnfrared Magneto-absorption of Hydrogenic
Donors Confined in GaAs-Al Ga ~s Quantum Wells. H.C.
JAROSIK, E. GASTANO, Y.C. tiE.'"· ~D. MCCOMBE, S.U.N.Y. at
Buffalo, J. RALSTOH and G. WICKS, Cornell.*-Far infrared
magneto-absorption measurements have been performed on a
375A GaAs-AlGa jAs multiple quantum we11 in which shal-
low donors (Si)nave been selec~ively doped at the well
edges. Reductions ln the Is-2p transition energy are
observed, in agreement with recent theoretical predic-
tions;+however near magnetic fields where the energy of
the 2p state crosses the second subband, deviations are
observ.f.d. These deviations are attributed to mixing of
the 2p state of the lowest subband with states of the
second subband due to a magnetic field component ln the
plane of the quantum well. The results are compared wlth
a simple theoretical modelo
*Partially supported by ONR and NRRFSS.

14:30 .
NF 6 lll!.9.u of lli Start Effect.for Accntor! iI
se.ico.4uotor q.••t•• Well.. W. T •••••• Iiat.
R. Mort09 ••• 4 Yi.-Chu •• Ch •••• V of 11liaoi. .t
Vrb •••-Ch ••pallD -- We h.ye o.lcul.t.4 th••• errr
of .oceptora i•••• ico.4uotor q••• tua .ell. lá ••
eleotrlc fie14. The (y.ri.tio ••l) o.lcul.tlo.
l.c1ud.. lh. top four y.le.oe b•• 4. of the
•• t.ri.1 u.i •• th•• ullb.D4 .ffeotiy •••••• ppros-
1•• Uo., W. fia4, th.t ,the eff.ot of lar.e d.c-
trio fi.14. o. the .cceptor e••rrr i•• t.il.r to
th. h74ro ••• lo St.rt .ff.ct~ i•••• 11 fi.14 •• hor-
•••r. the St.rt .ff.ct for the .cceptor I•• IIDi-
flc•• t17 4lffere.t th•• for the h74ro.eulc .7.t•••
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14:42 ~,
NF7 Semi-conductor uan um e ruc res rom aman ca erlng.
T.A.Perry* and R.Merlin*. U.of Michigan, B.V.ShanabrookT

and J.Comas+.' Naval Res.,lab.--We have used resonantfnelastfc lfgh1:Scattering to stu~ electronfc transitions
fn anti-MOdulatfon Sf-doped GaAs/(A1Ga)As quantum wel1
structures~ Spectra fr01l1460A and 238A well width samples
taken at low power densftfes «10W/cm2). and low
temperatures (-2K) show a wel1 resolved sp1fttfn~ of the
E~l fntersubband transftfon (-18cm-1 hetween peaks). A
sfmflar splfttin~ fs also ob~erved for the E0+2 fnter-subband transftfon fn the'46OA sample. Power and temnera-
ture dependence of spectra are consfstent wfth assfgninº
the doublets to free fntersubband transftions and transf-
tions fnvolving donar levels derived frem hiqher suhbands.
f.e., resonant fmpurity states. There fs good agreement
between the observed peák posftfons and recent theoretfca1
tesultsl.Supported by ARO.+Supported by ONR.
lC.Prfester, G.A11an and M.Lannoo. Phys. Rev. 829 3404
(1984 )
14:54
NF8 Raman ScatterfngStudfes of Acceptors fn GaAs-(A1Ga)As Mültfple Quantum Wells. D. GA~oA* and R.
AERLIA*. O. of Afchf,an, w.T. MASSELINKt. R.J. FISCHERt
and H. MoRKOCt, O. o Il1fnofs--We report resonant Ramanscatterfng expertments on antt-modulatfon (Re-doped)GaAs/(A1Ga)As multfple,quantum-well stru~tures. Data
obtafned at low power densftfes show transftfonsinvolvfng low-lyfng acceptor states and a1so states bound
to hfgher suhbands. The,spectra at hfgh excftatfons
exhfbit structures assocfated with free-hole transftions.
The latter results are fn qualftatfve agreement wfth
those recently reported ~ Pfnczuk et al.1

*Supported by ARO
tSupported by AFOSR , , , 'A. Pfnczuk, H.L. Stormer, A.C. Gossard and,W. Wfegmann, 17th Int. Conf. Semfc., to be puhlfshed.
15:06 , ~..' y,'

NF9 lhe Role of I!Dyrttf.I' 1~ seayent1il Phonon
["ls'on 1n Heterostructure Tunnel Junct10ns.* C. HAHNA
and R. 8. LAU6HLIN. Lavrenç, L1ver!Ore Nat1on.lLlborltorv---H1ckllOtt.t at , have recently reportedthe obs.rv.t1on of s.quent1.1 10ng1tud1n.l ,opt1c phonon
e.1ss1on 1n th. tunnel1ng current o, • heterostructureplaced 1n • strong _gnet1e f1.1d. Me propose that
th1s effect 1s e.used by .l.etrostat1e fe.dback between
eurrent-dependent tr.pped eh.rge .t 1~ur1ty s1tes Ind
the tunnel barr1er. We w11l d1seuss exper1 •• ntll tests
of th1s po1nt of v1ew.
~ T. W. H1ekllOtt. P. M. Sola.an. F. F. Flnt. F.
Stern. a. F1seher •• nd H. Moroc. Phys. Rev. lett. 52.2053 (1984). i

-Nork perfor.ed under th•• usp1ees of the U.S.
Depart ••nt of Energy by th. l.vrenee l1vermore National
llborltory und.r contr.et nu.ber W-7405-EN6-48.
15:18 , -. , .
NF 10 Bouod State Or án Externa' 'mpurlty at a
Semlcooductor-SemltoocluctQr loterrace 10 the
preseote or a Magoetlc'Fleld P. R. Antonlewlcz and
D. M. Hollox. lhe Unlyerslty ar lexas at AUst1n*--Conslder-
Ing a GaAs and Ga,l_xAIAs Ihterface wlth an lontzed
Impurlty In the hlgher baol gap materIal, an electron In the
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