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Built-in Potential Barrier
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Ex 7.1  (a) Calculate Vbi for a Si pn junction at 300K for:
(i) Na=5x1015cm3, Nd=1017cm3 and (ii) Na=2x1016cm3, Nd=2x1015cm3

(b) Repeat (a) for GaAs
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Space-charge 
(depletion) region
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Space-charge (depletion) region
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Space-charge 
(depletion) region
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Space-charge region width
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Ex 7.2  Si pn junction at 300K with zero applied bias has 
Nd=5x1016/cm3 and Na=5x1015/cm3. Find xn, xp, W, |Emax|.
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Reverse bias
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Ex 7.3  Si pn junction at 300K has Nd=5x1016/cm3 and 
Na=5x1015/cm3. Find Vbi, xn, xp, and W for reverse bias 
(a) VR=4V & (b) VR=8V.
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Ex 7.3  Si pn junction at 300K has Nd=5x1016/cm3 and 
Na=5x1015/cm3. Find Vbi, xn, xp, and W for reverse bias 
(a) VR=4V & (b) VR=8V. (cont’d)
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Ex 7.4  |Emax| in a GaAs pn junction at 300K is limited to 
7.2x104V/cm with Nd=5x1015/cm3 & Na=3x1016/cm3. Find 
max VR that can be applied.
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Junction Capacitance:
Depletion layer capacitance
(also known as Transition Capacitance)
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Ex 7.5  GaAs pn junction with Na=5x1015/cm3 & Nd=2x1016/cm3 at 
300K. (a) Calculate Vbi. (b) Find C/ for VR=4V. (c) Find C/ for VR=8V. 
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Single-sided junctions
(p+n for Na>>Nd (below), or pn+ for Na<<Nd)
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Ex 7.6  C/ of a Si pn+ junction with c/s area 10-5cm2 is 
0.105pF at 300K and VR=3V, and Vbi=0.765V. Find Na & Nd.
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(Reverse bias) Junction Breakdown
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Avalanche
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Avalanche & Zener breakdowns
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Ex 7.7  Design single-sided, planar, uniformly doped Si 
planar diode for reverse breakdown VB=60V. What is max 
doping concentration on low-doped side to meet spec?
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VB=εsEcrit
2/2eN

N= εsEcrit
2/2eVB

=11.7x8.85x10-12(2x107)2/2x1.6x10-19x60 
(from Fig 7.14 for light doping)

=2.16x1021/m3

=2.16x1015/cm3

Iteration: 
Ecrit ≈ 3.5x107V/m from Fig 7.14, so incr N & repeat

Compare Fig 7.15 N=9x1015/cm3
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Linearly graded junction
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Linear junction capacitance
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Hyperabrupt junctions
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