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(b)

Figure 5.1 1. (a) Atom packing in amorphous (glassy) silica. {b) How the addition of soda breaks up the
bonding in amorphous silica, giving soda glass.
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Figure 5.5
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Miller indices for identifying crystal planes, showing how the (I 3 1) plane and the (110)
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Figure 5.6 Direction indices for identifying crystal directions, showing how the [1 6 6] direction is

defined. The lower part of the figure shows the family of {1 1 I} directions.

WL OPDORERZRTTT - HZ2 T A TRITIEL,



1.3 LRl P
131 &R
—#%iz, fcc (Al Cu) ,bcc (Fe,Mo) ,hcp (Zn,Mg)  ZiEdaA —xHY)
#21 ERMBLULROBEBELET<DF
SR EE Sl F i Foahdntn | RS AMEH (MPa)
Al fee l11l <110y 0.55
Cu fee iE] <1103 0.90
Cu-10at%Zn fee [t <1103 117
aFe bee <1103 [SEIE) 150
41123 - —
123> ” -
Zn hep fooo1 <11200 0.18
Mg hep loco1} <1120% 050
oTi hep {1010} 1170 14.0
FeAl B2 110> iy 450
112> <1003 -
NiAl L1, fuaat <110 165
100} " -

@ SiEF
= [EMmEHHBEE

(b) bee (¢) hep

(a) fcc

Bl 71 v 2fad-mE 420 FiaaHn M2.7 V0 vERORERT (S 1 v ey PR,

XA YT FHEET, foo &S ZDH o oIS

(FRE)

FAYXEY FHEEICOWTHERIZ B L, AL, fER AL & 2R,

1.3.2

133

1.3.4

A RO
S EDRY TS ‘ -
RFX, 777748 XALAF¥ELRN-CNT (F7774 L) RREDKE

T HIZ
wERELeY ~BAle4e
R AR NIAL NizAlL TiAl (KNZ%HIE)
o]
o] o © [e)
[¢]
(a) (b) (c)

B 112 BB THGE (Bh: AKT, Bh: BET)
(2) B2(CsCL)AY, (b) LI, (Cu;Au)®, (¢) L, (CuAu) %Y
vI7IvIA

A FUREE A RES
A (MgO)

PA #FH 35 (ZnS)



W4 (Zro2)
v /LY HL(Zn0)
Si02 3%

135 &4t EEOH 5 EWEIRO S TR EARE L LTV D,
() RV TF L D414
TF VL E ) v — (-CH2-CH2-) DTN EIT /2R > T b,
C — CHEGHIE  ORAIX g B T, 8RS T3 T2 DR EE X 5 A8
HI722GEB 2325, 207 nr7 70 EEhN I AHEORBICE D> T 5,
—h . AKIRIZ 72 5 L SRS T ORBIT GRS S b,

T
. P Molecular ° Van der Waals
groups in bonds
polymer A rubber below its glass-transition
chain temperature. In addition to occasional
covalent cross-linking the molecular
groups in the polymer chains attract by
A rubber above its glass-transition temperature. Van der Waals bonding, tying the
The structure is entirely amorphous. The chains chains closely io one another.

are held together only by occasional covalent
cross-linking

(©) Q‘% . Amorphous
-..l-. _ T region

j -- .
& )
- i
13, 9 2 o 5~ Chain

P ooddhS "
S P _.“_.::' branching

ey O OO00 0000
%I. QOOOOCO0 & Crl?:é‘_?cltna

Side groups ': 0QROOODOQD b
oG o

o 0

J 0

A polymer {e.g. epoxy resin) where
the chains are tied tightly together
0 - by frequent covalent cross-links

Low-density polyethylene, showing both
amorphous and crystalline regions

Figure 5.10 How the molecules are packed together in polymers.
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Figure 2. Ball-and-stick representation of the {iﬂ]} plane of the cubic diamond structure.
The three circles A, B and C indicate the positions of the dislocation line. Broken
(dotted) lines show the ‘shuffle’ (*glide”) {111} planes.
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dislocation

Dislocation “line”

Figure 9.3 An edge dislocation, (a) viewed from a continuum standpaint (i.e. ignoring the atoms) and
(b) showing the positions of the atoms near the dislocation.
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Figure 94 How an edge dislocation moves through a crystal. (a) Shows how the atomic bonds at
the center of the dislocation break and reform to allow the dislocation to move. (b) Shows
a complete sequence for the introduction of a dislocation into a crystal fronl‘n the !eft-hand
side, its migration through the crystal, and its expulsion on the right-hand side; this process
causes the lower half of the crystal to slip by a distance b under the upper half.
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Nanoscale gold pillars strengthened through dislocation starvation

Julia R. Greer and William D. Nix
Department of Materials Science and Engineering, Stanford University, 416 Escondide Mall, Stanford, California 94305, USA
(Received 21 April 2006; published 12 June 2006)

It has been known for more than half a century that crystals can be made stronger by introducing defects into
them, i.e., by strain-hardening. As the number of defects increases. their movement and multiplication is
impeded, thus strengthening the material. In the present work we show hardening by dislocation starvation, a
fundamentally different strengthening mechanism based on the elimination of defects from the crystal. We
demonstrate that submicrometer sized gold crystals can be 50 times stronger than their bulk counterparts due
to the elimination of defects from the crystal in the course of deformation.

FIG. 1. (a) A representative {001)-oriented gold pillar machined
in the FIB. Pillar diameter=290 nm, pillar height=1.2 gm. (b) A
large pillar (745 pm diameter) and a small pillar (250 nm
diameter).
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FIG. 3. (a) Stage II work-hardening is clearly present in the
stress vs strain curve for the largest pillar whose diameter is
7.45 pm. (b) The lack of stage II work-hardening is evident in the
stress vs strain curve for a small pillar whose diameter is 400 nm.
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We present differences in the mechanical behavior of nanoscale gold and molybdenum single crystals.
A significant strength increase is observed as the size is reduced to 100 nm. Both nanocrystals exhibit
discrete strain bursts during plastic deformation. We postulate that they arise from significant differences
in the dislocation behavior. Dislocation starvation is the predominant mechanism of plasticity in nanoscale
fee crystals, while junction formation and hardening characterize bee plasticity. A statistical analysis of
strain bursts is performed as a function of size and compared with stochastic models.
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FIG. 2. Some representative stress vs strain curves for (a) fcc
Au and (b) bcc Mo nanopillars. Some Mo and all Au pillars were
intentionally unloaded and reloaded several times throughout the
experiment. Numbers adjacent to each curve represent the initial
diameter of the pillar.
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