Boundary conditions:





		at � EMBED Equation.2  ��� � EMBED Equation.2  ���


		at � EMBED Equation.2  ���, � EMBED Equation.2  ���





so	� EMBED Equation.2  ���						(16)(4-36)





( � EMBED Equation.2  ���


( � EMBED Equation.2  ���





	� EMBED Equation.2  ���





� EMBED Equation.2  ���		(17)(4-40)





( the diffusion current is proportional to the excess concentration � EMBED Equation.2  ���





The Haynes-Shockley Experiment





( 1951, Bell Labs

















( independent measurement of minority carrier mobility (() and diffusion coefficient (D)





( basic principles





-( field applied to semiconductor bar


-narrow pulse, high concentration of minority carriers generated


-pulse drifts due to � EMBED Equation.2  ��� (time to drift a fixed distance ( mobility








�


-pulse spreads due to diffusion (( diffusion coefficient)





In Fig. 4-18 (n-type material n0 >> p0)





	-pulse of holes generated at t=0


	-� EMBED Equation.2  ���		� EMBED Equation.2  ���


	-� EMBED Equation.2  ���			� EMBED Equation.2  ���


	-pulse of holes drift in � EMBED Equation.2  ��� direction


	-pulse monitored at x = L; drift velocity Vd is





		� EMBED Equation.2  ���							(18)(4-41)





		� EMBED Equation.2  ���						(19)(4-42)





Haynes-Shockley ( minority carrier (


Hall Effect ( majority carrier (





H-S Pulse Spreading





( consider diffusion without drift or recombination


( Eq (13b) or (4-33b) (p. 418):





� EMBED Equation.2  ���					(19)(4-43)





if � EMBED Equation.2  ���





the solution to (19) is





	� EMBED Equation.2  ���			(20)(4-44)





check:   � EMBED Equation.2  ���














� EMBED Equation.2  ���		





where � EMBED Equation.2  ��� , now		� EMBED Equation.2  ���








� EMBED Equation.2  ���








so	� EMBED Equation.2  ���		(A)





what does � EMBED Equation.2  ��� give us?





� EMBED Equation.2  ���





� EMBED Equation.2  ���


where		� EMBED Equation.2  ���





so		� EMBED Equation.2  ���





		� EMBED Equation.2  ���





since		� EMBED Equation.2  ���





we have





� EMBED Equation.2  ���					(B)


simplifying (B)





� EMBED Equation.2  ���					( C)


and rearranging (A):





� EMBED Equation.2  ���





we verify that





� EMBED Equation.2  ���





�


( the gaussian distribution given by (20) is a solution to (19) [(4-43)]











considering (20):





� EMBED Equation.2  ���





Note that





		( the amplitude decreases w/ time


		( the pulse width increased w/ time











�


		


( pulse width = full width @ 1/e pts.





( for a fixed peak height � EMBED Equation.2  ��� , the pulse width (x can be found





� EMBED Equation.2  ���				(21)(4-45)





where td is the time corresponding to the pulse spread (x





( (21) ( � EMBED Equation.2  ��� , or � EMBED Equation.2  ���			(22)(4-46)





�
�If we use the circuit in Fig. 4-20, we can relate the spatial pulse width (x to the voltage pulse V(t) seen on the oscilloscope by





� EMBED Equation.2  ���							(23)(4-47)





Example 4-6	n-type Ge is used in a Haynes-Schockley experiment.  The length of the Ge bar is 1 cm, the probes are spaced 0.95 cm apart.





		( battery voltage is 2.0 V


		( td = 0.25 ms


		( pulse width (t (oscilloscope) = 117 (s











Find (p and Dp (and check agreement w/ the Einstein relations)





� EMBED Equation.2  ���





	� EMBED Equation.2  ���





	� EMBED Equation.2  ���








� EMBED Equation.2  ���





�





� EMBED Equation.2  ���





		� EMBED Equation.2  ���





					� EMBED Equation.2  ���





so





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���








alternatively, in Joules





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





recall:  power = watt = J/s = IV ( amp(volts





� EMBED Equation.2  ��� ,





so		� EMBED Equation.2  ���





Quasi Fermi Levels and Current Density





at equilibrium





			� EMBED Equation.2  ���





(EF is only defined for equilibrium)





recall, at equilibrium:





� EMBED Equation.2  ���								(3-25a)


� EMBED Equation.2  ���								(3-25b)





and for steady-state conditions:





� EMBED Equation.2  ���									(4-15a)


� EMBED Equation.2  ���									(4-15b)





we found that current density is given by [4-23a,4-23b]





� EMBED Equation.2  ���





� EMBED Equation.2  ���





If the electron concentration is varying, we have





� EMBED Equation.2  ���





so	� EMBED Equation.2  ���						(24)(4-49)





		� EMBED Equation.2  ���





so Jn becomes





� EMBED Equation.2  ���





since � EMBED Equation.2  ��� ,  so





� EMBED Equation.2  ���	(26)(4-50)





However, by Eq. (4-26), we related ((x) to band bending by (p. 403)





	� EMBED Equation.2  ���									(4-26)





so	� EMBED Equation.2  ���





with the result:


		� EMBED Equation.2  ���					(27a)(4-51)


similarly for holes





		� EMBED Equation.2  ���					(27b)





The process of drift and diffusion are proportional to the slope of the quasi-Fermi levels





By analogy w/ Ohms Law





	� EMBED Equation.2  ���


			� EMBED Equation.2  ���  electrons


			� EMBED Equation.2  ���  holes





we can write (27a,b) as





� EMBED Equation.2  ���


(28a)(4-52a)


� EMBED Equation.2  ���	


												(28b)(4-53b)


Example (proble 4.7, text)


Find an expression for Fp(x) for an exponential hole distribution (Fig 4.17, p420):		(for p(x)>>p0)





�


� EMBED Equation.2  ���


for					� EMBED Equation.2  ���





� EMBED Equation.2  ���


� EMBED Equation.2  ���


� EMBED Equation.2  ���


the band diagram looks like:


�


								Silicon: ni = 1.5 X 1010


								� EMBED Equation.2  ���


		� EMBED Equation.2  ���


�


� EMBED Equation.2  ���		Dp = 12.5 cm2/s


											(p = 1(s








Problem 1   HW #10


Compensation problem:





p. 302 explains why EF = Ei


are the dopants fully ionized?





For � EMBED Equation.2  ���, � EMBED Equation.2  ���,  � EMBED Equation.2  ���





for � EMBED Equation.2  ��� ,





� EMBED Equation.2  ��� , (actually � EMBED Equation.2  ���














and		� EMBED Equation.2  ���  � EMBED Equation.2  ���





high resistivity (experimentally)


?


�


At 30
