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Minority Carrier Lifetimes,  τ
• Minority carriers (e.g. electrons (minority carrier) in p-type material with 

majority holes
τ is the time to recombination: recombination time

– means for system to return to equilibrium after perturbation, e.g. by 
illumination
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Generation

• Deep levels in semiconductors act as carrier traps and/or enhanced 
recombination sites
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3.225 2

Generation and Recombination
• Generation

– photon-induced or thermally induced, G=#carriers/vol.-sec
– e.g. g = P/hν
– Go is the equilibrium generation rate 

• Recombination
– R=# carriers/vol.-sec
– Ro is the equilibrium recombination rate, balanced by Go

• Net change in carrier density:
– dn/dt = G - R = G - (n - n0) / τ = G - ∆ n / τ 

– Under steady state illumination: dn/dt = 0
– np(0) = np0 + G τ

Αfter turning off illumination:
– np(0) = np0 + G τ e -t/τ
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Key Processes: Drift and Diffusion 

Electric Field: Drift 

Concentration Gradient: Diffusion 
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Electrochemical Potential 
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Continuity Equations 

• For a given volume, change in carrier concentration in time is related to J 
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Minority Carrier Diffusion Equations 

• In many devices, carrier action outside E-field controls properties--> minority 
carrier devices 

• Only diffusion in these regions 
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Use of Minority Carrier Diffusion Equations 

• Example: Light shining on a surface of a semiconductor 

hν 

G at x=0 (assume infinite 
absorption coefficient to simplify 
example) 
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Semiconductor Electronics 

• Single crystalline - largely Si 
some III - V compounds 

• Dominated by many nearly identical, highly engineered junctions 

• DRAMS (today) ≈ 109 transistors 

• Microprocessors (2002) ≈ 108 transistors 

• Total ≈ 1018 yr ≈ 106/person/day 

© H.L. Tuller, 2001 

4




3.225 9 

Junction Fabrication Processes  
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CMOS Devices 
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The p-n Junction (The Diode) 

• Note that dopants move the fermi energy from mid-gap towards either the 
valence band edge (p-type) or the conduction band edge (n-type). 

p-type material in equilibrium n-type material in equilibrium 
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An electric field forms due to the fixed nuclei in the lattice from the dopants 

Therefore, a steady-state balance is achieved where diffusive 
flux of the carriers is balanced by the drift flux 
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Drift and Diffusion 
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Joining p and n
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W: depletion or space charge width

Metallurgical junction
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