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Introduction Valley Splitting Valley Drag

We can divide valley splitting into two rough groups: Intrinsic and B-dependent. To measure
the former, we use low B SdH oscillations.

The 111 surface of silicon is predicted to retain the sixfold
valley degeneracy of the ideal bulk crystal. We have developed
a method for fabricating field effect transistors using vacuum
as a dielectric in order to study electron transport on the bare

As the simplest valley-valley interaction, we allow the current in each valley to
“tug” the currents in the other valleys, similar to Coulomb drag.

45 | | | | | | The temperature dependence of the

. L. - SdH oscillations gives the level iCti
H-terminated surface, free from the complications created by 40- . 5 * Friction between valley currents
e Do . . - broadening I, an upper bound on the
intrinsic disorder at Si-SiO, interfaces. The resulting devices 35 e e long-range interaction
. . s 5 intrinsic splitting. \
display very high mobilities (up to 110,000 cm?/Vs at 70 mK, 20
more than twice as large as the best silicon MOSFETs), enabling 6 Degenerate Valleys (g, = 6) = R * conserves 2DES momentum
:  25- . .
us to probe vaIIey-depenc.JIent transport dynamics to a much m* = (m, m)"/2 = 0.358 m, 0:55 _ ] _ e NOT inter-valley scattering
greater degree than previously possible. 20—+ o, / o
154 “Fyy 05 _]Egap: A c * short-range interaction
- 65mK o | 0G 4 . .
10 £ e "'s,“--éfq - A, <0.1K * [attice-mediated
: sl , S-Tp=01K
- T 1r T 1 ' 1 '
H-S1 ( 11 1) Vacuum FET 01 02 03 04 05 06 0.7 brude Model drag term
B (T) M.v. 1 MM Y
. . . L. . 1) — —
The H-Si(111) FET is made from two separate Si substrates, each with a distinct function: - =e(E+v, xB) +T—;(Mjk(vk _Vj)) j> " (B/ﬂsel 0 M2
relative momenta
1. H-Si (111) substrate: j, k range over valleys MM o0 g g O 2
16mm x 7mm, p-type, FZ /" 2DES at a H-passivated Si surface At large B fields, the valley degeneracy lifts completely, revealing minima spaced by Av=1; this m,m, < x My >
(p ~10 kQ cm, <0.2° miscut) I R [ | ‘ behavior occurs in all devices measured. L0 Strongdrag
P implanted cz)ntacts — drain 0.95- ]
< Si (340 nm) _ ~ D D T ]
— ‘ - S0, (400 nm) V7S T=03K i~ 24,000 cm/Vs y npvt131 T=90mK p~ 110,000 cm?/Vs rd g ata Lo
2. SOI (“remote gate”): | 057 & ' ' 1200 — ' ' ' ' T8 S g5,
gate «Si 5 @ "
7mm x 10mm —— 1 Sl V= AT : —080-
: : Vacuum cavity 044 %= ﬂ I_I 5 1-00—_ .,.;315-_ e _
B implanted gate & shield ot % 3 /I \R S Q0] N paotem?) R T 0.75. ]
. . Q 0.3 ~7 K 7 - 800 o 090 [~e—6.7 /./. 4 i = | No drag MOdEI -
The two substrates are cleaned and bonded together in vacuum via van der Waals £ > 4 a a % T e-a1 s _ 0.70- :
: : . : > — ) , 0854 | e 3 ‘e - T " e
forces. The bonding protects the H-Si(111) surface inside a vacuum cavity and oo . rF = 3 % £ ol ig /././-/./ I 10° 102 10° / 10 100 10
allows gate to induce a 2DES on the H-Si(111) surface within the cavity region. | 877 " o e ZQ 0.75.] | * . ' V=0 !ty
04 2618 10 ! 400 R, T‘ S 1: 005 Low T r, below lower bound
. | l Lo Ryy 065  Known Hall corrections should
. Q ok 00- increase r,,, not decrease it.
‘// T T T T T '_ .I T T T _O §
2 4 6 8 10 12
1.054 -]
/ BJ_(T) 1.00 .
The strong zero field valley splitting results in anisotropy (p,, # p,,)atB=0. 095 - 14
T 0.90 + -
0.85 ]
T 0.80-: - .
easurmg egeneracy e | -_
001 003 01 03 1 3 0.704 ]
Va cy Eftects ‘ :
' 060+ T= EREREE ===
Low field Shubnikov-de Hass T/T. scaling accounts for most e
. but not all of T dependence. 2 3 4 5 b6
(SdH) oscillations reveal a corB=0 2 both 4 due t el ¢ . <ot , ! n, (x10* cm?)
cIearIy six-fold degenerate or o — ,OXX ony dre potn suppresse ue tO paraliel transSport in anisotropic valleys.
system with emerging S
anisotropic behavior. m +m mLaem 2\ ummary
J3 m — X Y m — X Y
| 2 P 2
S NN NN N N N NN RN J e\VVacuum bonding creates very high quality devices & uncovers new physics.
18 30 42 54_ 66 /7SB 90 102 114 1 - 72 5\ m2
nJs/e T A | erio . . .
R o e Jo, eSixfold degeneracy indeed preserved in {111} planes
w TN T N XX 2 —2 2
Other devices displ t field 9, 972 AL ¢ /LT
dn/dE I s .
cr HEVIEES TISpIay @ SHONg 2ETo TIE oty A | A \ l eThe large valley state space affects transport in many ways
valley splitting. The two-fold states tend of states ' [\ g =4 Y
to dominate the SdH signal, even though e E m? m, eZero-field Hall suppression provides a powerful new means to probe valley-
all six valleys are occupied. y T 0.687
12470 iory (71| - valley interaction.
40 """ o T T ey z ™ ovtss We can use this correction to probe interactions between valleys.
R M I __ eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee £ - For more = Phys. Rev. B 80, 161310(R) (2009)
O | 104402 S R g 72 ,,,,,,,,,,,,,,,,,,,,,, v = n>6 . '
RN B MR 5 EBEd = -_ | _ " Phys. Rev. Lett. 99, 016801 (2007)
L e N = 3 information... = Appl. Phys. Lett 87 052106 (2005)

o
N i 4
co

\ - s V-0 ]
0 1 2 3 4 5 6 7 8 9 0 2 4 6 8 10 12 14 16

oo * robertnm@mai laps.org



	Valley Degeneracy and Valley Drag on Si(111) Surfaces

