Example 5-2  Al (column 3) is alloyed into n-type Si (Nd = 1016 cm-3)





The circular cross-section of the junction has a diameter of 20 mils.





	[20 mils ( 0.02011 = 0.02 in





		.00111 = 25.4(m





( 20 mils = 508(m = .508mm = 5.08 X 10-2 cm





An alloy temperature of ~600(C
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Calculate V0, xno, xpo, Q+, and (0 at room temperature (300(K).


Sketch ((x) and ((x)
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from (38a)
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and by (38b):
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by (29b), p.480:
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Current Flow at a Junction





Assumption:  applied voltage across a p-n junction appears across the transition region:





	


( doping in neutral regions high,


		


( low resistance


		( negligible voltage drop





	


( convention


�








�





in all the previous equations, we can replace V0 with





		V0 - VA ,  or





		V0 - Vf , 	(forward bias, Vf > 0)





or		V0 + Vr , 	(reverse bias, -Vr < 0)
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with no applied voltage,
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if we apply a forward bias
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and if we apply a reverse bias
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Eq. (5-21) becomes
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( W decreases w/ forward bias, VA > 0


	( W increases w/ reverse bias, VA < 0
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	( energy bands “flatten” w/ forward bias (VA > 0)


												(by qVA)





( energy bands increase in separation w/ reverse bias (VA < 0) (by qVA)


( for forward bias (VA > 0),
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( for reverse bias (VA < 0)
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( the quasi-Fermi levels in the “neutral” regions are separated by q x (applied voltage)





Drift, Diffusion, + Applied Voltage





at equilibrium (VA = 0),


� EMBED Equation.2  ���  is the energy barrier for holes and electrons that causes
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	at equilibrium





( for forward bias (VA > 0), the barrier to hole and electron diffusion is reduced
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similarly,
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( large diffusion currents can flow in forward bias





-what about drift current?
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is drift current reduced?


Actually it is not!


Recall
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where									(text p.83)
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so in the p-region,
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	where � EMBED Equation.2  ��� is the time between scattering events.





( From (41), the drift current depends on the carrier concentration and the velocity of the carriers.





*The drift currents at a p-n junction are minority carriers, so
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and
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( in forward bias, Jdrift is reduced with increasing VA





( in reverse bias, increasing VR increases the velocity of the carriers, but there are so few carriers, the reverse (drift) current is limited by the number of minority carriers diffusing into the depletion region





( for reverse bias, (VA < 0):





	the barrier to hole and electron diffusion is greatly increased
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( the only significant current is drift current





	--thermally generated carriers in the depletion region (transition region)





--or minority carriers which diffuse to the depletion region.





Summary:





( current flows freely with forward bias





	--majority carriers have reduced barriers





( very small reverse current with reverse bias





	--minority carriers responsible


		( low # of carriers
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The Diode I-V Equation





	To calculate the current-voltage relation, recall (12), (13), p. 462
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and if we apply a voltage VA,
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and (13) (
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and
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Assumption:





( low level injection ( majority carrier concentration changes only slightly (can ignore)
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Now look at the ratio of the “equilibrium ratio � EMBED Equation.2  ���” to the “ratio of � EMBED Equation.2  ��� with an applied voltage VA”:
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and since � EMBED Equation.2  ���
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( the increased diffusion of majority carriers (across the junction) results in an exponential increase in minority carries “injected” to the opposite region (VA positive – forward bias)





( if VA negative (reverse bias), the minority carrier concentration is exponentially reduced below the equilibrium concentration.





The excess hole concentration on the n-side is given by (Fig. 5-12):
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and from (42b) we can find the excess electron concentration on the p-side
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( excess minority carriers at the boundary will diffuse and recombine





-solutions same as found in Ch 4











Simplification





	( define new co-ordinates (Fig. 5-12)


( assume � EMBED Equation.2  ��� , 	� EMBED Equation.2  ���,  then minority carrier distributions are exponential (Eq. (4-36) p. 121 text):
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The resulting current density due to the carrier concentration gradient results in a diffusion current:
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115 text)
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so (46b) results in a current
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