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Abstract of Thesis

In this dissertation author focused on the spintronics study of the two elements from Group 14 of periodic
table: carbon (C), in the form of graphene, and germanium (Ge). Graphene attracts large attention from
spintronics community due to its long spin diffusion length and novel two dimensional structure with massless
Dirac fermions, in contrast to usual bulk materials. Ge, on the other hand, has the same crystal structure
as silicon, but has mobility ten times higher. While spin transport was established in silicon, non-local
spin transport in Ge at room temperature was still unachievable goal for spintronics researchers prior to
the author’s study.

In introductory Chapter 1 the author gave short overview of the spintronics topics related to the research
presented in the dissertation. However, in the beginning of the chapters 2-4 the author shortly reintroduced
and discussed situation in the topics directly related to the results presented in the chapters

In Chapter 2 the author reported the first experimental demonstration of room—temperature spin transport
in n—type Ge epilayers grown on a Si(001) substrate. By utilizing spin pumping under ferromagnetic resonance
which inherently endows a spin battery function for semiconductors connected with a ferromagnet, a pure spin
current was generated in the n—Ge at room temperature. The pure spin current was detected by using the inverse
spin Hall effect of either a Pt or Pd electrode on top of n—-Ge. From a theoretical model that included a
geometrical contribution the spin diffusion length in n-Ge at room temperature was estimated to be 660 nm.
Moreover, the spin relaxation time decreased with increasing temperature, in agreement with a recently proposed
theory of donor-driven spin relaxation in multivalley semiconductors.

The small spin—orbit interaction of carbon atoms in graphene promises a long spin diffusion length and
potential to create a spin field—effect transistor. However, for this reason, graphene was largely overlooked
as a possible spin—charge conversion material. In Chapter 3 the author reported electric gate tuning of the
spin—charge conversion voltage signal in a single—layer graphene. Using spin pumping from yttrium iron garnet
ferrimagnetic insulator and ionic liquid top gate the author determined that the inverse spin Hall effect
is the dominant spin—charge conversion mechanism in a single—layer graphene. From the gate dependence of the
electromotive force the author showed dominance of the intrinsic over Rashba spin—orbit interaction, and
estimated its strength to be "1 meV: a long-standing question in graphene-related research.

To pursue goal of temperature investigation of the spin—charge conversion in the yttrium iron
garnet/single—layer graphene system, the author first studied temperature behavior of the spin pumping. In
Chapter 4, the author presented an analysis of yttrium iron garnet—based systems, highly exploited in spin
pumping experiments, and demonstrated proper normalization procedure for the inverse spin Hall effect in such
systems. The author explained the discrepancy between experiment and theory recently observed in spin pumping
experiments. Thus, the author’ s result finally allowed for quantitative analysis of the inverse spin Hall

effect in various yttrium iron garnet—based experiments, including temperature dependent measurements
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ARSIV PERO R CTHITERA P Y a vt LTRERBALEED TVWDIILY=U AT T T 0%
KL LT, BETOMAE UV HOEAN LG, & 5ICFOEHICHOW TR Z E B REHNFEM L=
XTHBH. vVarzis ba=7 ARHMMLERRCE R 22 EOREN LEROFEEA E— MR35 Z &7
MRBINDBUE, e RBLANOY Y 2oLy ba=g RAEEET 2HN - MEOBRBERED L TWS. 7
N AR T 7203V ) v 2EETARBHEL RTZENAMOLNTEY, MEEHTRA N a0l
RMEITHS. BIZAEY br=2 A%, BMABHECMAAECBHEZSHIETL LW fFErbL s br=2
AWKz B BEAMECE T OEBILOMBEZ MR TE D2 H DRBEHEITE L TR TRAIIIE SN TWAHTH
. AR LTINS LT EFAAN~Y=T L T 572 A ha=7 21, EROHE OB - T iE TR 2
fVarvzry br=2 A5t E L GEFEEOEEENE Bk STV 2 BBREWIFAEHER TH 5.

DushenkoXIZ X D AT LM OB RN O EEREREZAT DD, FICHRWO T L~ =0 AMIBITLEIRAL
BB DR, MOV T 7 = 28T 5 MRl (ambipolar) A B A B O SEEHL & O FF, WIZZE DAY UHEMHAAE
AOTERMFMICEL COERERAE Y hr =7 ABERICEBW TR 2 £S5+ 280 TERHETH Y, KELER
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ASIATEREIZ > TEY, FIREFFHE ALY bu =7 2ZBT 5 FBREITHREOBAR /2 EN TN D,
FLUTOE2~FAEOFHETYH, K£E TR T AFRICHERERRT 2 BTN E SN TWDH. F2E TIESi(001)
ER e o — i E S S L~ = U AEEICE T 2 RIEA VRSO RN, FICRE RO R
Eh, BoNTEEBRERNLIN= AFOAE VEMENEIR T6O0nmTH D Z &, AL UEEHENRIO~
NF R —PERIZE T DB < —% 72 FF—HEKOBMETH DL ERWLNEEINTND. FIFTTIES
F7 2 B LM U EROFEBR L, ST 2 PORECHEHBEEROREHRBEIRESNLTEY, A
EUBERHABEHNORE ERHNImeVTH L ZERHLNIIR > TS, HBAETIIS T 7 2 T DA L EHRORE
WEEEZRA LT 2BAN DO HELEL D 7 = VHEMRIE TH LA v P U A=8i=F—F v MNYIGOZ AL R
EFT DAY VB DR ERFHEIC OV TR RO L TR FHOBERPITORL TV,
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