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6.13  An n-type GaAs semiconductor at 7 = 300 K is uniformly doped at N, = 5 X 10 em ™.
The minority carrier lifetime is 7,0 = 5 X 107% s. Assume mobility values of w, = 7500
cm? /V-s and W, = 310 cm? /V-s. A light source is turned on at ¢ = () generating excess
carriers uniformly at arate of g’ =4 X 10*' cm* s~ ' and turns off at r = 10 °s.

(a) Determine the excess carrier concentrations versus time over the range 0 < 1 = «,
(b) Calculate the conductivity of the semiconductor versus time over the same time pe-
riod as part (a).

» First, find the electron and hole concentrations at thermal equilibrium.
[Hint: Remember first-order RL and RC circuit problems where a source
turns on and then switches off?]

From Table B.4, n,= 1.8x10° cm™ for GaAs at 300 K.

Given: g’ =4x10*! em™s, 5,0 = 5x10% s, 1, = 7500 cm?*/V-s and 1, = 310 cm?/V-s.

Since N, >> n;, we have n-type GaAs where ny = Ny = lo=5x10"cm|.

Per (4.43), po=n?/ny = (1.8x106)>/ 5x10'5 = lpo= 0.000648 cm~|

a) For n-type GaAs, the minority carrier (i.e., holes/dp) ambipolar transport equation

(6.56) is:
2
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“uniformly” implies uniform distribution wrtx = 88(5219 ) =0& E 6(85]) ) =0.
X X

Therefore, our ambipolar minority carrier transport equation reduces to

8(5p):g._5_p - 5(5p)+i5p:g._
ot T, ot T,
This first-order ODE has a natural solution of dp, (¢) = Ae™"™ and a forced solution
of op,(1)=g'r,,=4x 10 (5x10°)=2x10" cm™.
Adding these solutions gives the general solution

5p(t):Ae—z/rpo _I_g-z_po :Ae—t/SXIO’g +2%x10% cm?.
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Applying the initial condition that gp(0) = 0= A + 2x10'4, leads to 4 = -2x10'* and

= |op(®) = on(?) = 2x10 (1 - ”3*%) em™ for 0 <¢ <107 4|

At t=107s, the light turns off, i.e., g’ = 0. Therefore, our ambipolar minority carrier
transport equation reduces to

9(0p) __op N d0(op)
ot T

+L5p=0.

20 ot T

pO0
The time-shifted first-order ODE has a solution of
op ()= Ao TV g pm(t-107)/5x107

At t=10"s, use prior solution to get Jp(10°) = 2x10 (1 - ¢1e658)=2x10" cm>=4.
Therefore,

= |Op() = Sn(f) = 2x104 - 1058 o3 for > 10° 5.

b) Per (5.20) and (6.5a) & (6.5b),
o=e(thn~+ p)= et (no+on) + 1, (po+ on)| = e(tuno+ i po) + e(thn + ) on.

For the initial period,
o(f) = 1.602176634x101°[7500 cm?/V-s (5x10'° cm™) + 310 cm?/V-s (0.000648 cm™)]
+1.602176634x107'°(7500 cm?/V-s + 310 cm?/V-s) 2x10'4 (1 - ¢38)

= o () = 6.00816 + 0.25026 (1 - ¢*/58) S/cm for 0 <7< 10 .

For the final period,
o(f) = 1.602176634x10"° [7500 cm/V-s (5x10'S em™) + 310 cm/V-s (0.000648 cm™)]
+1.602176634x107'°(7500 cm?/V-s + 310 cm?/V-s) 2x 104 g - 1e-6)/5e-8

= |o(®) = 6.00816 + 0.25026 ¢~ 1<9/53 §/cm for £> 107 .




