1A C - P U B - 7 9 9 5 P P R C - T N - 9 8 - 6 N o v b r 1 9 9 8 Spin-Polarized Electron Emission from Superlatticeswith Zero Conduction Band Offset*1111,J. E. Clendenin2, T. Maruyama2, G. A. Mulhollan2,A. Yu. Egorov3, V. M. Ustinov3, A. E. Zhukov3 reproducibly strainedAs/GaAs superlattice with offset at of the provides polarization easilytuned to by of the composition. with optimization ofthe SL structure parameters.Presented at theLow Energy Polarized Electron WorkshopSt. Petersburg, RussiaSeptember 2-5, 1998 *

2Spin-Polarized Electron Emission from Superlatticeswith Zero Conduction Band Offset.1111,J. E. Clendenin2, T. Maruyama2, G. A. Mulhollan2,A. Yu. Egorov3, V. M. Ustinov3, A. E. Zhukov3 The development of new sources of polarized is motivated their applications physics, studies of thin A polarization of >50% was early 1991 with strained InGaAs onGaAs substrate GaAs on GaAsP structures [1]. The potentially 100% optical orientation by polarized at the absorption transport to the by into is by relaxation and thus by polarization losses in the of 10-20%, consistent with of polarization of emitted of polarized into is provided by of the GaAs by Cs deposition which reduces the electron work function to at sources polarization electron beam intensity would have an enormous impact on the physics offuture electron-positron of studies installations [2-4]. improvements of the GaAs strained layer cathodes by the character of the demands on the cathode heterostructure parameters. requires high stress in the GaAs layer. stressed layers On other the layer thickness should than the width of that is parameter of photocathode it has found that there is to currentdensity that GaAs [5]. To both yield (up to 5·1019cm-3) of the GaAs layer is the spin thus the polarization. Suppressing with An of polarized is superlattice the splitting is of heavy

3masses results in a splitting of the miniband spectrum the that photoemitters is the possibility to by the appropriate of layercomposition, thickness, and doping [7-9].we report results on polarized new strainedshort-period AlInGaAs-GaAs superlattice with a minimal conduction-band offset. show that the performance of this new superlattice that of the GaAs strainedlayer cathodes and the potential for further improvements is favourable.the layer isrestricted by the spin In previously used As/GaAs [6,9] As [6,9,10], the by the of for as result ofthe of the ratio of the offset to the offset v 2) at the The necessity for the tunnel the results rate the spin rate [11,12]. This to xInyGa1-x-yproposed the line-up between the layers of the The Al the In so the offset compensated by appropriate of y, for the uncompensated. the use of superlattices with the optimized alloy composition provide mobility simultaneously aspin rate sufficiently The samples by epitaxy aon GaAs(100)-oriented substrates. The layer the top of the substrate at �C the growth m (4·1018cm-3) m (4·1017cm-3) layers deposited at �C. Growth was interrupted, substrate temperature was to �C to prevent In re-evaporation The samples consisted of 17 (or 15) pairs of GaAs(4nm) AlInGaAs(4nm) doped with by (or doped GaAs layer capped with As to stable NEA state. The parameters of the samples listed 1. The procedure of layer thickness estimation was on of growth rates ofAlAs and InAs binary compounds.

4Table 1. The strained AlxyAs/GaAs superlattice samples.1 (2-943)2 (3-171)3 (3-335)4 (3-336)0.120.1360.1360.13618181820y, %181618181.391.4351.421.4579.573.379.186 (82.7))a b Modulation doping, the last GaAs layer is heavily doped, p cmThe GaAs growth rate was determined the (PL) peak position of AlAs/GaAs QW structure. The growth rate was the onset of the growth when film is deposited on a GaAs substrate. This transition takes at 1.7 ofInAs. All these layers, which are necessary for growth rate estimation, ontest sample quickly by PL. The relationship between the mole fraction in the AlGaAs layer and the PL peak position as well as the of the QW PL peak position on the QW width previously comparison of the PL, X-ray data, situ growth rate All the samples were capped by As using the following procedure. Just after deposition of the last layer of the structure, the substrate was switched off then the sample was down the growth for hour. The samplewas turned to face a liquid nitrogen cryoshroud. At the of this the temperature was usually �C. Then the sample was growth position opposite the As source for 1.5 hour. At the of this the substrate temperature was around 0C. The As cap thickness was estimated to The of the samples was The X-ray patterns show that the of GaAs substrate the strain the thin £SL The spectrum of the isdetermined by the band offsets at the heterointerfaces. In the of with ternary solution As-GaAs) the offset ratio, , is as Qc1=DEc(x)/DEg1(x), is the gaps of the crystals so that the ratio, Q, is Q. For an InAs-GaAs the offset is by strain distribution the layers. For the structure with thin

5layer on thick GaAs substrate the strain is to InGaAs layer. For this Egd

2(y)). c2, is offset ratio for the strained As layer E g d 2(y) is of the by strain that potentials, constants, the constant ref. [13,14]). The other way to calculate the offset should the [14]) is to use the offset ratio for unstrained layers, , then the effects, so that E g d 2(y). For the of the interpolation between the for As-GaAs yAs-GaAs should for y. found interpolation starting with the unstrained of the offset for the GaAs that the dataspectra. the offset for the strained yyc2, def(y)+ E g d 2The schematic of the position of the band for y=0.18 is shown =0.66 [15] c2, =0.7 [14] we found that the band offset appears to be minimized for x=1.1y.

Evl2Evh2Ec2 Ec1 e1 l h1 h h1 Al0.2In0.18Ga 0.62As Ga As G 8 G 6 xy(thin by notation hh1, for holes respectively.Another consistent) approach for the quaternary alloys starts absolute position the alloy [13]. Then the shifts of the bands interpolation for the deformation potentials and elastic constants with set of

6terms. found that both approaches results that do not fit our data, attributed to the uncertainty of the to the partial layer The positions of the the approach of [13]) of the layers strained samples 2. It is that for samples of the offset does not For the potential shouldup, the formobility xyAs/GaAs SL samples.Eaa2bc-0.1241.4231.4421.4221.4923b-0.043-0.1261.4231.4291.4211.4724b-0.056-0.1381.4231.4451.4221.501a 1- GaAs, 2- AlAs layer.b cIt is the data of 2 that the strain of the xyAs layers produces for both heavy the for the splitting for the electron optical orientation.The of the layer thickness is dictated by the to split the The splitting when narrowthickness of the strained As layer should less the thickness (y). The thickness for the superlattice estimated as (y/2). The thickness ofAs layer was taken to (to less than the hc(y)), and in accordance with X-ray data the thickness of the cstructure one strained GaAs layer.results. The Mott analysers both at St. University (SPTU) [16] at the Center [17]were used to measure the spin polarization of photoelectrons.

71,41,61,8

, 2 1 0- 7 1 0- 0- 5 1 0- 4 1 0- 3 2 1 0- 1 1 00 1 01 1,61,82,0 2

Quantum Yield, %Photon energy, eV

1,41,61,8 2 , 2 02040 80 lhEgYP

81,41,51

1 , 7 1 , 8 1 , 0 2 0 3 0 4 0 5 0 7 0 8 0

oton energy , eV 1 , 4 1 , 6

2 , 0 2 , 2 10-510-4

10-1100

Quantum Yield, %Photon ener

e VPolarization quantum yield spectra for the sample The observed emission spectra can be interpreted in terms of three-step YR =- + ( ) 1 1 1 t t t a,(1)

PPdSS e = - + 0 0 1 1 1 ( ( S t t t t, (2) is the polarization upon by is the velocity,

9of potential wells which increases the electron escape time. A sharp of Thus, the position of the polarization is to the Inthe is than that GaAs layers by quantization of heavy shift of the of the [18] absolute of the the of these for of the layer composition is within the errors of of the of the with offset isThe of the the data 2 Eg=Eg1+Ehh1c2-Ec1for samples that the shift of the is to 3% of Al The the the strained quaternary alloy attributed to the the offset of GaAs layer less strain the As layer.111, 6

0 5 0 6 0 7 0 9 0 111, 0 4 0 5 0 6 0 7 0 9 0 1 2 3

n egy,

10This misfit rather easily by with whenof the to is of Alfor the samples the vicinity of the absorption edge is presented. The absolute of is consistent with the expected on the basis of the data 2. The of the polarization is consistent with splitting of between hh1 One splittings with thinner GaAs wells. Then, spin rate for Thus, the optimization of the structure parameters profile lead to further improvement of the proposed new SL photoemitter structure.Finally, the current density that these has yet to In spin polarization as as 86% has strained As/GaAs superlattice with offset at the The of the provides The position of easily tuned to by of the composition. Further improvement of the emitter parameters additional optimization of the SL structure parameters.This work is supported by the Foundation Award No. RP1-351. Support of Russian State structures", project No. 95-1.23 Russian Foundation for [1] T.Maruyama et Phys. Lett., 66, (1991), T.Nakanishi et Lett. A 158, (1991), 345.[2] D.T.Pierce Atomic, Optical Physics: [3] J.E.Clendenin, Int. J. Mod. Phys. A 13, (1998), 2507.Conf., May 17-23,[6] K.Togawa et al., Nucl. Instrum. and Meth. A 414, (1998), 431.[7] Proc. Intern. USA, 1995, Outreach, of

11[8] Proc. 12-th Intern. Symp. On Spin Amstardam, 1996, by C.D.W. et (1997),749..Proc. 7-th Intern. Workshop On Gas Targets 1997, by R.J.Holt M.A.Miller, AIP Conf. Proc.421, 300.[10] Yu.Mamaev et al., Phys. Low-Dim. Structures, 10/11, (1995), 61.[12] P.Baumgart et al., Appl.Phys.Lett., (5), (1994), 592.[14] D.J.Arent et al., Appl.Phys. , 940, 1739, (1998)[17] G.Mulhollan in Proc. of the Workshop on Photocathodes for [18] L.G.Gerchikov, G.V.Rozhnov, A.V.Subashiev, Sov. Phys. JETP, 74, (1992), 77.