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Quantity Semi-1 Semi-2 N
Type Group IV element | Group II-VI compound
Bandgap [eV] 1.2 0.8

Bandgap type Indirect Direct

Intrinsic carrier density n; [cm ] 4.02 x 10 3.46 x 10"

Electron mobility sz, [cm?V~'s7!] 3000 9200

Hole mobility s, [cm?V~1s71] 400 300

N¢ [em™?] 1.30 x 10%2 4.70 x 10

Ny [em™3] 2.66 x 10" 7.00 x 108

Table 1: Room temperature properties of Semi-1 and Semi-2.

7. Consider two undoped semiconductors Semi-1 and Semi-2. Their properties
temperature (300 K) are given in Table 1 above.

(a) Which material is the better intrinsic conductor at room temperature? Give numer-
ical values to justify your answer? (2 marks)
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Quantity Semi-1 Semi-2 N
Type Group IV element | Group II-VI compound
Bandgap [eV] 1.2 0.8

Bandgap type Indirect Direct

Intrinsic carrier density n; [cm ] 4.02 x 10 3.46 x 10"
Electron mobility sz, [cm?V~'s7!] 3000 9200

Hole mobility s, [cm?V~1s71] 400 300

N¢ [em™?] 1.30 x 10%2 4.70 x 10

Ny [em™3] 2.66 x 10" 7.00 x 108

Table 1: Room temperature properties of Semi-1 and Semi-2.

7. Consider two undoped semiconductors Semi-1 and Semi-2. Their properties
temperature (300 K) are given in Table 1 above.
(b) Phosphorus (P, Group V element) atoms are incorporated into both materials.

(1) What type of doping will the resultant doped versions of Semi-1 and Semi-2
have? Why? (1 mark)

(i1) What is the minority carrier type in each case? (1 mark)

|?  Definitely Check Both Of these, particularly Semi 2
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Quantity Semi-1 Semi-2 R
Type Group IV element | Group II-VI compound
Bandgap [eV] 1.2 0.8

Bandgap type Indirect Direct

Intrinsic carrier density n; [cm ] 4.02 x 1019 3.46 x 10'?

Electron mobility st [cm?>V~1s71] 3000 9200

Hole mobility s, [em?*V~1s™1] 400 300

N¢ [em™] 1.30 x 10*2 4.70 x 10"

Ny [em™3] 2.66 x 10" 7.00 x 108

Table 1: Room temperature properties of Semi-1 and Semi-2.

7. Consider two undoped semiconductors Semi-1 and Semi-2. Their properties
temperature (300 K) are given in Table 1 above.

(c) Assume dopant atoms are incorporated at a density of 1.0 x 10 ¢cm™3, making
both materials n-type. Assume a temperature of 300 K, all dopants are ionised, and

there is no change in mobility.

(1) Which material is better suited to making an LED? Why? (2 marks)

(11) What are the hole and electron concentrations? (2 marks)

(111) Which of these semiconductors is a better conductor? Give numerical values
to justify your answer. (2 marks)
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Quantity Semi-1 Semi-2

Type Group IV element | Group II-VI compound
Bandgap [eV] 1.2 0.8

Bandgap type Indirect Direct
Intrinsic carrier density n; [cm ] 4.02 x 10 3.46 x 10"
Electron mobility sz, [cm?V~'s7!] 3000 9200

Hole mobility si;, [cm?*V~1s7!] 400 300

N¢ [em™3] 1.30 x 102 4.70 x 101

Ny [em™3] 2.66 x 101? 7.00 x 108

Table 1: Room temperature properties of Semi-1 and Semi-2.

8. Consider the properties'of Semi-1 at room tempefatufe (300 K) usihgﬁ the data in Table 1.$

(a) What is the intrinsic Fermi Energy of Semi-1? (2 marks)

(b) What is the Fermi Energy of Semi-1 if it is doped with 1.0 x 10'® atoms per cm ™3,

making it n-type? (2 marks)
(4 marks)
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(1.2+300*8.617e-5%In(2.66e19/1.3e22))/2=0.519967974141311 eV
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Quantity Semi-1 Semi-2

Type Group IV element | Group II-VI compound
Bandgap [eV] 1.2 0.8

Bandgap type Indirect Direct
Intrinsic carrier density n; [cm ] 4.02 x 10 3.46 x 10"
Electron mobility sz, [cm?V~'s7!] 3000 9200

Hole mobility si;, [cm?*V~1s7!] 400 300

N¢ [em™3] 1.30 x 10* 4.70 x 101

Ny [em™3] 2.66 x 101? 7.00 x 108

Table 1: Room temperature properties of Semi-1 and Semi-2.

8. Consider the properties'of Semi-1 at room tempefatufe (300 K) usihgﬁ the data in Table 1.$

(a) What is the intrinsic Fermi Energy of Semi-1? (2 marks)

(b) What is the Fermi Energy of Semi-1 if it is doped with 1.0 x 10'® atoms per cm ™3,

making it n-type? (2 marks)
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