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6.1 Introduction to Epitaxy

The world epitaxy is derived from the Greek “epi” - upon and “taxis” - to arrange. Thus,
epitaxial deposition requires the ability to add and arrange atoms upon a single crystal
surface. Epitaxy is a regularly oriented growth of one crystalline substance upon
another.

Two different kinds of epitaxy are recognized:

> Homo-epitaxy is growth in which the epitaxial layer is of the same material as the
substrate (e.g. Si on Si, GaAs on GaAs).

> Hetero-epitaxy is growth in which the layer is a different material than the substrate
(e.g. Si on saphire, AlAs on GaAs).
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Applications

Specific applications require controlling the crystalline perfection and the dopant
concentration in the added layer. It is important for applications that places stringent
demands on the deposited layer:

> high purity

> low deffect density

> abrupt interfaces

> controlled doping profiles

> high reproducibility and uniformity

Why homoepitaxy (e.g. Si on Si, GaAs on GaAs)?
Epitaxial films are purer than the substrate and can be doped independently.
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6.2 Vapor Phase Epitaxy (VPE) or CVD Epitaxy

Epitaxial layers can be prepared by a wide range of techniques including evaporation,
sputtering and molecular beams. Epitaxial deposition by CVD (or capor phase epitacy -
VPE uses a gaseous transport and chemical reactions - all previously discussed steps of
the CVD deposition
> arrival: bulk transport of reactants, diffusion of reactants towards the surface,
adsorption
> surface reactions: surface reaction (reaction can also take place in the gas volume
immediately above the surface), surface diffusion, crystal lattice incorporation

> removal of by-products: reaction by-product desorption, gaseous transport of
by-products, bulk transport of by-products out of process volume

see https://www.slideshare.net/mehmedkoc/ee518-epitaxial-deps07-5695497
for epitaxy in general and vapor phase epitaxy (VPE)
Successful epitaxy depends upon having:

> Well-prepared crystalline substrate without deffects and surface layers (e.g. oxide)
> High surface mobility for the arriving atoms.
> Numerous, equivalent growth sites.


https://www.slideshare.net/mehmedkoc/ee518-epitaxial-deps07-5695497
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Silicon Epitaxy

Lenka Zajickova

Important application of VPE is a production of crystalline silicon (c-Si). With the silicon
epitaxy radical changes in material properties can be created over small distances within
the same crystal. This capability permits the growth of lightly-doped single c-Si on the top
of heavily-doped c-Si, n-type Si over p-type Si and vice versa, Si layer with controlled
dopant profiles etc.

see Handbook of Thin Film Deposition, ed. S. Krishna, chapter 2.

Growth Rate Temperature Range Allowed Oxidizer
Chemistry (microns/minute) °C) (ppm)
SiCl, 0.4-1.5 1150-1250 5-10
SiHCl 0.4-3.0 1100-1200 5-10
SiH,Cl, 0.3-2.0 1050-1150 <5
SiH, 0.1-0.3 950-1050 <2
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Silicon Epitaxy

Doping
> B for p-type
> P, As for n-type
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Silicon Epitaxy

TEMPERATURE (C°)
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6.3 Atomic Layer Epitaxy

analogy to ALD, see Smith’s book p. 269
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6.4 Liquid Phase Epitaxy

LPE - high T solution growth technique

see https://www.slideshare.net/HrishikeshGhewade/
epitaxial-crystal-growth-method?next_slideshow=1
- epitaxy in general, liquid phase epitaxy (LPE) and MBE


https://www.slideshare.net/HrishikeshGhewade/epitaxial-crystal-growth-method?next_slideshow=1
https://www.slideshare.net/HrishikeshGhewade/epitaxial-crystal-growth-method?next_slideshow=1
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6.5 Molecular Beam Epitaxy

Epitaxe z molekularnich svazk(i (MBE z anglického molecular beam epitaxy) je
sofistikovand, presné kontrolovanad metoda pro rdst monokrystalické epitaxni vrstvy:

> ve velmi vysokém vakuu (10~° Pa),
> na monokrystalickém substratu pomalym naparovanim jednotlivych atomd ¢i molekul,
> substrat a rostouci vrstva udrzovany na presné dané teploté.

Aparatura pro MBE:

Sample heating
and rotation

-gun
Chamber cooled
I (RHEED) by liq N2

Load door

Fluorescent screen
(RHEED)

http://cnx.org/contents/CyYU5KqYQ@2/Molecular-Beam-Epitaxy


http://cnx.org/contents/CyYU5KqY@2/Molecular-Beam-Epitaxy
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6.5 Molecular Beam Epitaxy

> Vakuovy systém je velice podobny uspofadani, které je pouzivano pro analyzu povrchd a
kompatibilni s technikou vysokého vakua. Typicky systém pro MBE je slozen ze ¢tyf oddélenych
komor: vstupni komora pro vkladani a vyjimani substrat(i, depozi€ni komora, komora pro analyzu
a pomocna komora pro pfipravné procesy.

> Zdroje materialu jsou zakladem kazdého MBE systému. Musi byt schopné
poskytovat dostate¢nou Cistotu a rovnomérnost naparovaného materialu.

> Clona Jednim ze zékladnich prvku, nutnych pro spravnou funkci MBE, je clona
umisténda na zdroji. Spolu s pomalou rychlosti ristu vrstvy umoZznuje kontrolu nad
procesem rlstu. Pozadavkem je schopnost zaviit se béhem 0,1 s.

> Manipulace se vzorky. Vzorky pro MBE jsou uchyceny v molybdenovém drzaku
pomoci indiového tmelu. Za teploty obvyklé pro MBE je indium tekuté a zajistuje
dobrou pfilnavost a prevod tepla. Teplota substratu byva kontrolovana bud’
termoclankem, nebo pyrometrem. Obvyklé byva velké substraty (> 5 cm) nechat
béhem depozice rotovat.

Sample heating
androtation
(RUEED) Chamber cooled

by lig N2

Beam flow gauge

Load door

(RHEED)
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Typy zdroju pro MBE

» Knudsenovy cely jsou standartnim zdrojem pro napafovani. Vypadaji jako hluboké
tygliky uvnitf pece. Pec je vybavena chlazenim stén a termoclankem. Jsou vétSinou
vyrobeny z odolného kovu jako je Ta, Mo nebo keramiky.

> Solid Source Cracking Cells. Nékteré materidly jako arsen a fosfor se odpafuji ve
vice molekularnich formach. Obvykle plati, Ze vétsi molekuly maji vy$si tenzi par a
niz8i koeficient ulpéni pfi dané teploté substratu nez ménsi molekuly = vytéznost Ize
zvysit rozbitim vétsich molekul jiz ve zdroji. Konstrukce zdroje materialu v tomto
ptipadé odpovida obvyklé Knudsenové cele s tim rozdilem, Ze je pfidan dal$i ohfev na
vystupu z cely, ktery slouZi k rozkladu molekul.

> Kontinualni zdroj je typ zdroje pro tekuté materialy (napt. rtut).

> Zdroj s elektronovym ohfevem je pouzivan pro tézko tavitelné materialy (W, Co, Ni,
Si, Ge).

> Implantacni zdroj Plyn ze zdroje je ionizovan, v nékterych pfipadech jsou ionty
separovany podle hmotnosti. Nasledné jsou ionty urychleny smérem k substratu.

For more details see scanned copy of Handbook of Thin Film Deposition.

https://www.youtube.com/watch?v=NsGRKSV8yH8&nohtml5=False Simulation of growth


https://www.youtube.com/watch?v=NsGRKSV8yH8&nohtml5=False
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> control of epitaxy - reflectance high-energy electron difraction RHEED

Electrons of energy 5 - 40 keV are directed towards the sample. They reflect from the
surface at a very small angle (less than 3°) and are directed onto a screen. These
electrons interact with only the top few atomic layers and thus provide information about the

surface.

electron beam

Figure shows a typical pattern on the screen for electrons reflected from a smooth surface,
in which constructive interference between some of the electrons reflected from the lattice
structure results in lines. If the surface is rough, spots will appear on the screen.

For more details see scanned copy of Smith’s book.
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