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Outline:
1. ALE Si

a. Mechanisms
b. Modeling
2. GS-MBE/UHV-CVD Si
a. Mechanisms
b. Modeling
3. B doping
a. Incorporation mechanism
b. Electronic properties
4. Ultra-high B doping
a. Incorporation
b. Effect on Rg;
¢. Modeling
d. Electronic properties
5. GS-MBE/UHV-CVD 8Si,_,Ge,
a. Mechanism
b. Modeling
¢. B doping and electronic properties
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Atomic-level Control during Film Growth under
Highly Kinetically Constrained Conditions

* Si, Ge, atomic-layer epitaxy (ALE)
e Low-temperature growth
* d-doping

* Effects of H coverage during GS-MBE/UHV-CVD
» Ultra-high doping vs film growth kinetics
» Minimize Ge segregation during Si, ,Ge, growth

* Fundamental limits of epitaxy
* T~
e Use of hyperthermal beams
o Metastable phases (Ge,Sn,, Ti, ALN, ....)

* Evolution of surface morphology
» Kinetic roughening
« Strain-induced roughening/smoothening

* Evolution of microstructure and texture

o Hyperthermal beams
» Texture inheritance



Atomic-Layer Epitaxy (ALE)

ALE is a cyclic vapor-phase epitaxial film
growth technique which incorporates self-limiting
kinetic processes which result in the deposition of
0 ML per growth cycle where 0 < 1 ML.

= R yqe = 6 (ML/cycle)

Advantages:

* R = f{T,P,,); wide process windows

« ~overallE,=0

. low T, possible

 Excellent control over film thickness:
t =R, e (#cycles)

« Selective area deposition

+ &-doping

« QW heterostructures



Precursor for Si ALE: SioHg

o High sticking probability on Si & Ge
O(Si,Hg) > 10 x G(SiHy)

* Gas phase dimer = Si(001)2x1

e d=2.33A =

Eb(Si-Si) = 3.3 eV
Ep(Si-H) = 3.8 eV
d(Si-Si) =2.33 A
dSi-H) =149 A
0(Si-Si-H) = 110.3°



1st layer atom

e 2nd layer atom
« 3rd layer atom
. 4th layer atom

M, W tabutnke ond TE étreene) T47>/)/ %s.
13,3183 (93).
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UV Photostimulated ALE and
Gas Source MBE System

SioHg, GesHg, Ho, Dopants
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[.1' 1 CV

S%H‘g) +2db _
— 5-‘.“3 ]

Sitlg(adg) +db S
Sithy (ads) +5iH(ads)

9 = Surface Si atom
o = Adsorbed Si atom

- = H atom
— = Si-H bond
ce = Q200100 BOOC

oo = Si.Sj bond
o = Dimer bond

Schematic illustration of the Si(001) surface after (a) disso-
ciative chemisorption of Si,H; onto a single dimer (D) and onto

adjacent dimers (A), and (b) dissociation of the adsorbed S1H,
radicals to form SiH, and H.
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Figere 4. EELS spectra, obtained using a primary electron energy Ep of 100 eV,

from a S{ . H

26

-saturated Si(100) (1x1)::2H dihydride surface following a 15 s

anneal at (a) 300 K, (b) 655 K, (c) 705 K, (d) 765 K, (e) 845 K, and (£) 955 K.
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Temperature, T (°C)
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e = Surface Si atom
Adsorbed Si atom

= H atom
« = Dangling bond
= = Sj-Si bond
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Temperature, Ts (°C)
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UV Photostimulated ALE and
Gas Source MBE System
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