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1. MogenioBaHHs 30HHOI CTPYKTYPU, TPAHCIIOPTHUX BJIACTUBOCTEN Ta LIYMIB Y HalliBMETaJIIYHMX KBAHTOBUX IMaX

Hgl-xCdxTe nsis 3acTocyBaHHS B feTekropax TI'1 BUIIPOMIHIOBAaHHS

2. Numerical simulation of the band structure, transport properties and noises in semi-metallic Hgl-xCdxTe
quantum wells used as a channel of THz detector

Pedepar:

1. Po6oTa mpucBsiueHa YMCEIbHOMY MOJIE€JIIOBAaHHIO €HEPreTUYHUX CIIEKTPIB Ta XBUJIbOBUX (PYHKIIii HOCIiB 3apsay,
€JIEKTPOHHUX PYXJINBOCTEH Ta IIYMiB Y KBaHTOBI siMi Ha ocHOBi Hgl-xCdxTe HaniBMeTasniynoi ¢pasu, ns ii
3aCTOCYBaHH4 B sIKOCTi KaHasny TI'1-60s10MeTpa Ha rapsiuux eJeKTpoHax. Po3paxyHKu BUKOHaHI 17151 TeMIiepaTypu
pigxoro asory T = 77 K. JloctigpKeHHS JO3BOJIWIA BCTAaHOBUTY, 1O [IPU TEMIIEPATYPi pigkoro a3oty (77 K), y
KBAaHTOBIN SIMi 32 BiICYTHOCTi IEPEKPUTTS 30H, Y BJIACHOMY CTaHi €JIEKTPOHHA PYXJIMBICTb € HU3bKOIO Y TIOPiBHSHHI
3 TaKOIO PYXJIMBICTIO IIPU BUCOKUX €JIEKTPOHHUX KOHIIEHTPALigX. 3pOCTaHHS KOHILEHTPAllii €JIEKTPOHIB IPU3BOIUTD
IIO 3POCTaHHS iX PyXJIMBOCTI Ha NOPSIIKY, 10 BEJINYMH, O67113bKUX 10 1e6 cM2/Bce. BcTaHOBIEHO, IO TOMIHAHTHUM
MEXaHi3MOM PO3CIisSIHHS €JIEKTPOHIB € PO3CiSIHHSA Ha 3apAIKEHUX LEHTPAX, Y TOM Yac K PO3CISIHHA Ha ONTUYHUX

(doHOHax € cyTTeBO MeH1I ePeKTUBHUM. [10Ka3aHo, 110 /171 CUCTEM i3 BUCOKOIO PYXJIUBICTIO €JIEKTPOHIB,



IOMiHAaHTHUM LIyMOM 6yJie TemnepaTrypHuil (J>)KOHCOHIBCbKUI) IyM, a FeHepaLillHO-pPeKOMOIHALITHUI Ta
(oHOBUI yMU OyIyTh CYyTTEBO MEHIMUMU. YNCEBHO 3MOI€/IbOBAHO ONTMMAJIbHI TapaMeTpy KBaHTOBUX siM Hgl-
xCdxTe naniBmeTaniuHoi pasu, HeoOXifHi 1715 CTBOPEHHS KaHaisy 6osomeTpuyHoro TI'i-nerexropa, sikuii 61 MaB

iMnenanc, 6J1M3bKUI 10 iIMII€JAHCY aHTEHU, Ta HU3bKUM IIYM.

2. The work is dedicated to numerical simulation of energy spectra, carrier wave-functions, electron mobilities and
noises in semi-metallic Hgl-xCdxTe quantum well with finite band gap. This quantum well can be used as a
channel of THz hot-electron bolometer. Calculations are provided for T = 77 K. Energy spectra and carrier wave-
functions are calculated in the framework of 8x8 k.p Hamiltonian, which allows one to account bands mixing in the
wave-function. Electron mobilities are calculated by direct iterative solution of Boltzmann transport equation,
which allows one to consider the existence of inelastic scattering mechanisms, degeneracy of electron subsystem
and nonparabolicity of the energy dispersion law. Graphene-like screening function is used to describe the
screening of Coulomb-potential driven scattering mechanisms by two-dimensional electron and hole gases. It is
shown that at moderate charged impurities concentration (about of 1el5 cm-3 or greater) charged centers
scattering is dominant scattering mechanism for electrons, while optical phonons scattering is sufficiently
suppressed due to strong dynamical screening which affects phonon scattering. It is found that for many sets of
quantum well parameters (such as well width, molar composition x and electron concentration), holes
concentration exceeds the value of 1e15 cm-3. Consequently purification of residual charged impurities
concentration in the well to the values less than 1el5 cm-3 is senseless, as it would not lead to the improvement of
electron mobility. This result should allow technologists to decrease sample growth costs due to the simplification
of sample purification procedure. In the work there is shown that in samples with finite band gap, electron
mobility at intrinsic carrier concentrations is low, compared to the mobility in the n-type samples. Growth of the
electron concentration in times leads to the increase of electron mobility by orders of magnitude, approaching the
value of 1le6 cm2 /Vs at T=77 K. This effect is caused by simultaneous growth of screening function and decrease of
holes concentration during electron concentration growth. Our estimate of the resistance in semi-metal HgCdTe
quantum wells used as a channel of the THz hot-electron bolometer shows that the channel resistance varies by
more than two orders of magnitude depending on the electron concentration. Also it is shown that Johnson noise
is dominant for the systems with high electron concentration. Generation-recombination and photon noises are
found to be much smaller. Optimal parameters of semi-metallic Hgl-xCdxTe quantum wells are obtained by
numerical simulation. To produce low noise and high mobility channel of THz hot-electron bolometer, which
impedance is about of the antenna impedance, one should follow several recommendations. At first, quantum well
width should be greater than 10 nm to avoid interface scattering. At second, electron concentration in the well
should be much greater than the intrinsic one. At third, quantum well molar composition x should be near the
bands inversion point (but not too close to it to avoid of activation of additional scattering mechanisms). Finally,
charged impurities concentration in such quantum well should not be greater than 1el5 cm-3. We have also
assessed the advantages of the HgCdTe THz hot-electron bolometer compared to the graphene HEB. We conclude
that HgCdTe semi-metallic QWs can demonstrate higher mobility, lower thermal noise, and higher operational
speed and can provide much more efficient coupling to planar antennas in THz range detector applications.
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