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Deformation Mechanism Maps and Gettering Diagrams
for Single-Crystal Silicon

By

V. M. KoLesakgo and I. V. Kiryusuin

Equations for the plastic strain rate (&) are considered for the case of a single crystal and on the
base of these equations the deformation mechanism maps (DMMs) for single-crystal silicon with
different dislocation densities are constructed in the stress—temperature (ovs.7) coordinates.
The DMMs are in good agreement with available experimental evidence. It is found that in the
wide ranges of o, T, and ¢ the flow stress is determined by the lat '%sistance, and deformation
with ¢ = 1077 s~ can occur even at fairly low levels of 7' (500 % K) and o (0.01 to 1 GPa).
By using the DMMs and the proposed criterion for nondecreasing & gettering diagrams (GDs) are
introduced which can be applied to estimate the efficiency rmal methods of generating dis-
locations in the near-surface layer of the semiconducto_x%flt ing stressed regions.

PaccmoTpensl ypaBHeHus cKopocreii (¢) mmactuy i1 medopmManuu MOHOKpHUcCTaIa, Ha
OCHOBAHUU KOTOPBIX B KOOPAUHATAX HAITPSI; e~remieparypa (o—71") IOCTPOeHHl ua-
TPaMMbl MeXaHU3MOB IIJIaCTUUECKOIl medop. u (JIM/I) MOHOKPMCTAIINIECKOT0 KpeM-
nust. JIMJIL yoBJIeTBOPUTEIbHO COTJacy, U3BECTHBIMUI DKCIePNMeHTAIbHBIMHA TaH-
HeIMUA. B mmpokux amanasonax o, T% fanpsKeHne TeueHWsl olpefesisgeTca COIpo-
TUBJICHUEM pelIeTKN, TIpudeM medopMamis ¢ ¢ = 1077 s~% MoyKkeT IpPOTEKATh jayke MpPH
nocrarouno Huskux 1 (500 o no (0,01 go 1,0 GPa). Ha ocnmoBamum [IM]I,
¢ IIOMOIIBIO IIPEUIOKEHHOTO K s1 HeyObIBaHUs &, BBefleHbl U O0CY:KAAIOTCA Nua-
rpaMMBbl FeTTepUPOBAHUA, TIP 1€ JIJIA OUEeHKNA 9PHEeKTUBHOCTN TepMUYeCKAX METOI0B
regepanuy JUCIOKAIIIT B@"OBGPXHOCTHOM cJIoe II0JIYIPOBOJHUKA, COJeprKaBIleM
HAIPAHKEeHHbIe 00JIacTH.

1. Introduetig

Fabrication of silicon VLSTs and LSIs requires single-crystal silicon with low concen-
tration of defects, in particular, dislocations. Very high dislocation densities (107 to
10° m~2) can arise from relaxation of mechanical stress which is generated owing to
the nonuniform temperature distribution in a silicon ingot during growth [1] or to
high-temperature processing of wafers [2] in IC production. On the other hand, inter-
action of impurity atoms with dislocations is widely used for removing (gettering)
point defects from active regions of semiconductor devices by means of intentional
introduction of line defects into neighbouring regions of a single-crystal substrate.

The purpose of this paper is to study the mechanisms of generation of line defects
in single-crystal silicon by using deformation mechanism maps (DMMs) [3, 4].

2. Plasticity Equation and Construction of the DMMs

Let us consider the equations for the rates of plastic deformation (¢) that develops
in accordance with different mechanisms such as dislocation glide, dislocation creep,
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