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5.23 Consider three samples of silicon at 7 = 300 K. The n-type sample is doped with
arsenic atoms to a concentration of N, = 5 X 10" em™*. The p-type sample is doped
with boron atoms to a concentration of N, = 2 X 10 ¢cm . 'The compensated sample
1s doped with both the donors and acceptors described in the n-type and p-type
samples. {a) Find the equilibrium electron and hole concentrations in each sample,
() determine the majority carrier mobility in each sample, (¢) calculate the conduc-
tivity of each sample, (¢} and determine the electric field required in each sample to
induce a drift current density of J = 120 A/cm?.

a) From Table B.4, the intrinsic charge concentration, n;~ 1.5 x 10'°#/cm’, is negligible
compared to the doped samples.
> n-type sample: no~N; = no=5x10"%#/cm’

Use (4.43) to get po=n?/no=(1.5x10'%%*5x10* = po=4.500 #/cm*

> p-type sample: po~N, = po=2x10"#/cm’

Use (4.43) to get no=n?/po=(1.5x101%%2x10"° =  me=11,250 #/cm’

> compensated sample: 79~ Ny;- N,=(5-2)x 101°#/cm® =  noe=3x10"#/cm’

Use (4.43) to get po=n?/no=(1.5x10'%%*3x10* = po=7.500 #/cm*

b) Use Figure 5.3 (middle graph for silicon) to get the majority carrier mobilities.
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> n-type sample:  With N;= N, =5 x 10°#/cm? = L~ 1100 cm*/V-s
> p-type sample:  With N; ~ N, =2 x 10" #/cm? =  Up~400 cm*/V-s

> compensated sample: With N;~ N;+ N,=7x10"#/cm* = 4 ~1000cm?*V-s
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¢) Per(5.23), o=e(un+u,p).

> n-type sample: o=

> p-type sample: o=

> compensated sample:

eu N, =(1.6022:10"°)1100)5x10° = og=~8.81 S/em

ep, N, = (1.6022+107°)(400)2 x10'° = o~1.28S/cm

c=euN,=(1.6022:10"")(1000)3x10" = o=4.81S/em

d) Per (5.19), J=cE = E=J/o.

> n-type sample: FE =

> p-type sample: FE =

> compensated sample:

120/8.81 = E=13.62 V/cm

120/1.28 = Ex93.75 V/cm

E =120/4.81 = E22495V/cm




