EE/MSEN 6322 Semi Process Tech Fall 2007
Homework 3 Solution

3.2. A boron-doped crystal pulled by the Czochralski technigue is required to have a
resistivity of 10 £ em when half the crystal is grown. Assuming that a 100 gm
pure silicon charge is used, how much 0.01 Q cm horon doped silicon must he
added to the melt? For this crystal, plot resistivity as a function of the fraction
of ﬂl.lE melt solidified. Assume ky = 0.8 and the hole mohility p, = 550 cm’ volt™?
sec .

Answer:

Using the mobility value given, and p = we have:

1
qUNy
100ecm=Na=114x10"cm” and 001 Q em = Ny =114 x 10" em’

From Eqn. 3.38. Cg = Cglkq(1—£)* " and we want Cs = 1.14 x 10" cm” when £
= 0.5. Thus, solving for Cy the mnitial doping concentration in the melt, we have:

1.14x10" 5 -
0= G}‘—gu—o.j)ﬂ-] =124x10" em™
But C Iy # ofimpurities (Deping)(Vol. of 0.01 Qem)
11 = = =
0 Vy  unit vol of melt Vol 100 gm S1
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. Wegtadded of 0.01 Qcm $i = o (100gm ) =0.109gm
" Doping/

The resistivity as a function of distance 1s plotted below and 1s given by

1 1—f ko . 2
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3.3. A Czochralski crystal is pulled from a melt containing 1015 ¢m-3 boron and

2x1014 cm-? phosphorus. Initially the crystal will be P tvpe but as it is pulled,
maore and more phosphorus will build up in the liguid because of segregation. At
some point the erystal will become N type. Assuming kg = 0.32 for phosphorus

and 0.5 for boran, calculate the distance along the pulled crystal at which the
transition from P to N type takes place.

Answer:

We can calculate the point at which the crystal becomes N type from Eqn. 3.38 as
follows:

Cs (Phios) = Coleg (1— £ ™" = (x10 Jo.32)1- £

Cs (Beron) = Coky(1-£)F+7 = (107 Jo.8)1 —£)"2

At the point where the cross-over occurs to N type, these two concentrations will be
equal. Solving for f we find

f=00995

Thus only the last 0.5% of the crystal 1s N type.

4.1. An IC manufacturing plant produces 1000 wafers per week. Assume that each
wafer contains 100 die, each of which can be sold far $50 if it works. The yield
on these chips is currently running at 50%. If the vield can he increased, the
incremental income is almost pure profit hecause all 100 chips on each wafer
are manufactured whether they work or not. How much would the yield have to
be increased to produce an annual profit increase of $10,000,000?

Answer:

At 1000 wafers per week, the plant produces 32 000 wafers per year. If each wafer
has 30 good die each of which sells for $30, the plant gross income is simply

Income = (52.000)(30)($30) = $130.000.000 per year.

To increase this income by $10.000.000 requires that the vield increase by
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