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Calculate APF of HCP crystal structure. [10]
1 Cco1 L2
To produce a p-type semiconductor, boron is doped in pure silicon. Doping is done by B;04
2 \vapour. The atmosphere is equivalent to a surface concentration of 3X102¢ boron atoms per cubic [15]
meter. Calculate the time required to get a boron content of 102% atoms per cubic meter at a depth Co1 L2
of 2.5um. The doping temperature is 1100°C and D at this temperature is 4X107*'m?/s,
\With neat sketches explain the three modes of fracture. [10]
CO2 L1
4 Explain plastic deformation by slip and twinning with the help of neat diagrams [15]
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. Calculate APF of HCP crystal structure. [10] co1 Lo
To produce a p-type semiconductor, boron is doped in pure silicon. Doping is done by B20;
2 \vapour. The atmosphere is equivalent to a surface concentration of 3X102¢ boron atoms per cubic [15]
meter. Calculate the time required to get a boron content of 102® atoms per cubic meter at a depth Co1 L2
of 2.5um. The doping temperature is 1100°C and D at this temperature is 4X1071'm?/s.
3 \With neat sketches explain the three modes of fracture. [10]
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4 Explain plastic deformation by slip and twinning with the help of neat diagrams [15]
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1.6.4 APF For Hexagonal Closed Packed (HCP) structure
Figure 1.16 shows the details of the HCP structure. Let *r"be the radius of atom, ‘a "be the side

length of hexagonal face, and *C "be the height of the hexagonal prism.

a
Atom

PQ
a

(c) To express a in terms r

(b) Hexagonal plane surface

Figure 1.16 APF for HCP structure

(a) HCP unit cell

volume of atoms perunit cell

w.k.t., atomic packing factor is given by, APF = ¥
’ volume of unit cell

— (volume of eachatom)x(numberof atoms per u_mllt”_)
volume of unit cell

3
o

(DT I N

w.K.t. Volume of each atom (sphere) =

To find the number of atoms per unit cell
In the HCP structure, there are totally 12 atoms at the corners of the top and bottom hexagonal
|

\ : .
face. However, only — of each corner atom is actually inside the hexagonal unit cell. Also, - of

the volume of each atom at the center of both the top and bottom hexagonal faces arc inside the
unit cell. Inaddition, there are also 3 full atoms within the volume of cach unit cell.

" . . | |
-. number of atoms in unit cell = (lzxzj+(;x2)+ 3 =2+1-+3=0atoms.
)
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3

Substituting equation (3) and (2) in (1), we have APF = —-—F+——— = c---- (4)
Volume of unit cell

To find volume of each unit cell

Volume of hexagonal unit cell = (cross-sectional area of hexagon) % (height of hexagon)
= (cross-sectional area of hexagon) x (C) - ---- (5)

To find cross-sectional area of hexagon

Consider the hexagonal plane surface as shown in figure 1.16 (b) Let the hexagonal plane be
divided into 6 triangular parts as shown in the figure. Let 4 "be the height (altitude) of the triangle.

Area of hexagonal face = (area of each triangle) x (Number of triangles)

1
= (5 X base X hcight)x (6) = (%a h) X6

Area of hexagonal face =3¢  ____. (6)
But h=7?

From right angle triangle POR, we have, PR*= QR* + PQ*
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Fauation (7) in (6) pives, area of hexagonal face 3/(1/'( - - /3 ; e, . A— (%)
) 2
o mo ) 34’3 |
Now, cquation (8) n(5), pives Volume of hexagonal unit cell ( -3 /3— IXC  ----. (9)

J

In peneral, the ratio of height of the hexagonal prism (C) to the side of the hexagonal face (a)is

'
expressed as 1.633, or " 1.633a

/"



Fquation (10) in (9) pives  Volume of hexagonal unit cell = (

-
3"‘2‘/5J % (1.633 a)

W Volume of hexagonal wnit cell ~ 42424 ... (11)
5]
Substituting equation (11) in (4), we have, APF = — )
ubstituting equation (11) in (4), we have, Al 4947 2
E . 8§
v (12)
To express ‘a’in terms of ¢’
“rom figure 1.16(c). a = 2.r
8’ 3
“ Equation (12) reduces to, AP = ( A ) = (87" )

4.242(2r)  (4.242)(8

S APE = 0.74 0r 74 %,
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