
Homework 1 Solutions 

1 J&B P2.5(a) 

ܴ ൌ
ܮߩ
ܣ
ൌ
Ωߤ	1.66 ∙ 2√2	cm
5 ∙ 10ି଼	ܿ݉ଶ ൌ 93.9Ω 

2 J&B P2.6 

Intrinsic carrier concentration is given by 

݊௜
ଶ ൌ ଷ݁ିܶܤ

ாಸ
௞்  

for germanium, ீܧ ൌ ܤ ,ܸ݁	0.66 ൌ 2.31 ൈ 10ଷ଴	ିܭଷcmି଺ 

(a) At 77 K, ݊௜
ଶ ൌ 2.63 ൈ 10ିସ	cmିଷ 

(b) At 300 K, ݊௜
ଶ ൌ 2.27 ൈ 10ଵଷ	cmିଷ 

(a) At 500 K, ݊௜
ଶ ൌ 8.04 ൈ 10ଵହ	ܿ݉ିଷ 

3 J&B P2.16 

Maximum hole current density is 

݆௣ ൌ ௣ݒ݌ݍ ൌ 1.60 ൈ 10ିଵଽ	C ∙ 10ଵଽ	cmିଷ ∙ 10଻ cm s⁄ ൌ 1.60 ൈ 10଻ 	A cmଶ⁄  

The maximum current is 

ܫ ൌ ݆௣ܣ ൌ 1.60 ൈ 10଻ 	A cmଶ⁄ ∙ 2.5 ൈ 10ି଻	cmଶ ൌ  ܣ	4

4 J&B P2.22 

In has 3 outer electrons, P has 5 outer electrons. Ge has 4 outer electrons.  

(a) Germanium has one more electron than indium. If a germanium atom 
replaces an indium atom, it can donate the extra electron for conduction. Thus it 
behaves as a donor impurity.  

(b) Germanium has one less electron than phosphorus. If a germanium atom 
replaces a phosphorus atom, it can accept an electron from neighboring bonds, 
creating a free hole. Thus it behaves as an acceptor impurity.  

5 J&B P2.27 

஺ܰ ൌ 6 ൈ 10ଵ଼	boron	atoms/cmଷ 

(a) This is p-type silicon; holes are the majority carrier; electrons are the minority 
carrier. 



(b,c) For this problem, we need the intrinsic carrier concentration at two different 
temperatures. The more precise formula for ݊௜  in Eq. (2.1) will be used to 
compute this: 

݊௜ ൌ
ටܶܤଷ݁ି

ாಸ
௞்  

݊௜ሺ300ܭሻ ൌ 1.0 ൈ 10ଵ଴	cmିଷ 

݊௜ሺ200ܭሻ ൌ 1.1 ൈ 10ହ	cmିଷ 

For both 300K and 200K, the majority carrier hole concentration is just equal to 

஺ܰ ൌ 6 ൈ 10ଵ଼	cmିଷ 

However, the minority carrier electron concentrations depends upon ݊௜ሺܶሻ: 

݊ଷ଴଴௄ ൌ
൫݊௜ሺ300ܭሻ൯

ଶ

஺ܰ
ൌ 16.7	cmିଷ 

݊ଶ଴଴௄ ൌ
൫݊௜ሺ200ܭሻ൯

ଶ

஺ܰ
ൌ 2.02 ൈ 10ିଽ	cmିଷ 

6 J&B P2.32 

஽ܰ ൐ ஺ܰ 

Then 

݊ ൌ
ሺ ஽ܰ െ ஺ܰሻ ൅ ටሺ ஽ܰ െ ஺ܰሻଶ ൅ 4݊௜

ଶ

2
ൌ 1.62 ൈ 10ଵ଻	cmିଷ 

݌ ൌ
݊௜
ଶ

݊
ൌ 6.17 ൈ 10ଵ଺	cmିଷ 

We can see that 

݊ ൌ 1.62 ൈ 10ଵ଻	cmିଷ ് ஽ܰ െ ஺ܰ ൌ 1 ൈ 10ଵ଻	cmିଷ 

This is because  

஽ܰ െ ஺ܰ ≫ ݊௜ 

does not hold in this case ሺ ஽ܰ െ ஺ܰ ൌ ݊௜ ൌ 1 ൈ 10ଵ଻	cmିଷሻ 

7 J&B P2.35 

Indium is an acceptor impurity. The material is p-type. 

At 300 K, the intrinsic carrier concentration for silicon is ݊௜ ൌ 1.0 ൈ 10ଵ଴	cmିଷ. 



Acceptor doping concentration is 	 ஺ܰ ൌ 8 ൈ 10ଵଽ	cmିଷ. Thus ஺ܰ ≫ ݊௜, and we have 

݌ ൌ ஺ܰ ൌ 8 ൈ 10ଵଽ	cmିଷ 

݊ ൌ
݊௜
ଶ

݌
ൌ 1.25	cmିଷ 

Using total impurity concentration of ்ܰ ൌ ஺ܰ ൌ 8 ൈ 10ଵଽ	cmିଷ, we can extract 
the electron and hole mobilities by either reading them out from Figure 2.8, or 
plugging in the value of ்ܰ in the approximated mobility equations: 

௡ߤ ൌ 96	cmଶ/ሺV ∙ sሻ 

௣ߤ ൌ 50	cmଶ/ሺV ∙ sሻ 

Conductivity  

ߪ ൌ ௡ߤ൫݊ݍ ൅  ௣൯ߤ݌

Since  

݌ ≫ ݊ 

The electron part can be neglected, and thus 

ߪ ൌ ௣ߤ݌ݍ ൌ 640	ሺΩ ∙ cmሻିଵ 

Resistivity 

ߩ ൌ
1
ߪ
ൌ 1.56 ൈ 10ିଷ	Ω ∙ cm 

8 J&B P2.50 

Diffusion current density of holes is 

݆௣
ௗ௜௙௙ ൌ െܦݍ௣

݌݀
ݔ݀

 

The concentration profile for holes is 

ሻݔሺ݌ ൌ 10ହ ൅ 10ଵଽ݁
൬ି ௫
௅೛
൰
	cmିଷ 

Then 

݆௣
ௗ௜௙௙ ൌ 10ଵଽݍ

௣ܦ
௣ܮ
݁
൬ି ௫
௅೛
൰
ܿ݉ିଷ ൌ 1.2 ൈ 10ହ݁ቀି

௫
ଶൈଵ଴షర	௖௠

ቁ	A/cmଶ 

At ݔ ൌ 0, diffusion current density is 



݆௣
ௗ௜௙௙ሺݔ ൌ 0ሻ ൌ 1.2 ൈ 10ହ	A/cmଶ 

Diffusion current is 

௣ܫ
ௗ௜௙௙ሺݔ ൌ 0ሻ ൌ ݆௣

ௗ௜௙௙ሺݔ ൌ 0ሻ ∙ ܣ ൌ 1.2 ൈ 10ିଶ	A 

7 J&B P2.52 

Note that the positive ݔ direction is to the right, and the direction of the electric 

field is to the left, thus ܧ ൌ െ20	V/cm. (The signs of ܧ, ௗ௡
ௗ௫
, ௗ௣
ௗ௫
, ݆ are very important 

in this exercise!) The concentration profiles are linear, thus the gradients of 
concentrations are 

݌݀
ݔ݀

ൌ
݌∆
ݔ∆

ൌ െ5 ൈ 10ଵଽ	cmିସ 

݀݊
ݔ݀

ൌ
∆݊
ݔ∆

ൌ െ5 ൈ 10ଵଽ	cmିସ 

Mobilities of electrons and holes are ߤ௡ ൌ 350	cmଶ/ሺV ∙ sሻ, ߤ௣ ൌ 150	cmଶ/ሺV ∙ sሻ. 
From Einstein’s relationship 

ܦ
ߤ
ൌ
݇ܶ
ݍ
ൌ ்ܸ  

The diffusivities of electrons and holes are (assuming room temperature, 
்ܸ ൌ 25.9	ܸ݉) 

௡ܦ ൌ ௡்ܸߤ ൌ 9.1	cmଶ/s 

௣ܦ ൌ ௣்ܸߤ ൌ 3.9	cmଶ/s 

At ݔ ൌ 0, ݊ ൌ 10ଵ଺	cmିଷ, ݌ ൌ 1.01 ൈ 10ଵ଼	cmିଷ 

Electron diffusion current density: 

݆௡
ௗ௜௙௙ ൌ െܦݍ௡

݀݊
ݔ݀

ൌ െ72	A/cmଶ 

Hole diffusion current density: 

݆௣
ௗ௜௙௙ ൌ െܦݍ௣

݌݀
ݔ݀

ൌ 31	A/cmଶ 

Electron drift current density: 

݆௡
ௗ௥௜௙௧ ൌ ܧ௡ߤ݊ݍ ൌ െ11.2	A/cmଶ 

Hole drift current density: 



݆௣
ௗ௥௜௙௧ ൌ ܧ௣ߤ݌ݍ ൌ െ4.85 ൈ 10ଶ	A/cmଶ 

Total current density: 

݆௧௢௧ ൌ ݆௡
ௗ௜௙௙ ൅ ݆௣

ௗ௜௙௙ ൅ ݆௡
ௗ௥௜௙௧ ൅ ݆௣

ௗ௥௜௙௧ ൌ െ5.4 ൈ 10ଶ	A/cmଶ 

Since the profiles are linear, at ݔ ൌ  m (mid-point)ߤ	1

݊ ൌ
ሺ10ଵ଺ ൅ 10ସሻ

2
ൌ 5 ൈ 10ଵହ	cmିଷ 

݌ ൌ
ሺ1.01 ൈ 10ଵ଼ ൅ 10ଵ଼ሻ

2
ൌ 1.005 ൈ 10ଵ଼	cmିଷ 

Electron and hole diffusion currents are the same as derived above: 

݆௡
ௗ௜௙௙ ൌ െܦݍ௡

݀݊
ݔ݀

ൌ െ72	A/cmଶ 

݆௣
ௗ௜௙௙ ൌ െܦݍ௣

݌݀
ݔ݀

ൌ 31	A/cmଶ 

Electron drift current density: 

݆௡
ௗ௥௜௙௧ ൌ ܧ௡ߤ݊ݍ ൌ െ5.6	A/cmଶ 

Hole drift current density: 

݆௣
ௗ௥௜௙௧ ൌ ܧ௣ߤ݌ݍ ൌ െ4.8 ൈ 10ଶ	A/cmଶ 

 

 

 

 

 

 

 

 

 

 

 


