EE 362 Electronic, Magnetic, & Optical Properties of Materials, 8 30.docx 1/2

8.30 Consider a GaAs pn junction diode with a cross-sectional area of A = 2 X 107 ¢mr?
and doping concentrations of N, = N; = 7 X 10'* cm™3. The electron and hole
mobility values are p, = 5500 cm?/V-s and p, = 220 cm?/V-s, respectively, and the
lifetime values are 1) = 7,0 = 7,0 = 2 X 107%s. (a) Calculate the ideal diode current
at a () reverse-biased voltage of Vx = 3V, (ii) forward-bias voltage of V, = 0.6 V,
(iii) forward-bias voltage of V, = 0.8 V, and (iv) forward-bias voltage of V, = 1.0 V.
(h) (i) Calculate the generation current at Vx = 3 V. Assuming the recombination cur-
rent extrapolated to V, = 01is I, = 6 X 107 A, determine the generation current at
(iHV,=0.6V,GHV,=08V,and (i) V., = 1.0V,

» First, calculate the minority thermal equilibrium carrier concentrations,
diffusion coefficients D, and D,, and diffusion lengths for the n & p regions.

From Table B.4, n;= 1.8 x 10° cm™ and &.= 13.1 for GaAs at 300 K.

n reéionl Since Ny;>>n; = n,0= Ny;=7x 10 em?.

Per (4.43), puo=n?/ny0 = (1.8x10%)?%/7x10'° pno=4.62857x10" cm?.
D T 61 10~ eV/K (300K
Per (5.47), 2 =Kl D, = 220 3:617333x10 VIR BO0K) 1y _ 5 687 ems.
e e

4

From p. 283, L, =D, 7, =/5.687 (2x10°*) = L,=3.37267x10* em = 3.37267 um.

o region| Since N, >>n; = pyo=N,=7x10" cm?,

Per (4.43), nyo=n?/ppo = (1.5x10'%)%/7x10'° = npo=4.62857x105 cm™>,

-5
Per (5.47), D, _ k,T ~D :55008.617333><10 eV/K (300K)

u, e e

= D,=142.186 cm?/s.

From p. 283, L, =+/D, 7,, =+/142.187 (2x10™*) = L,=1.6863 x 10~ cm = 16.8863 um.

. . . . eD pnO eDn n 0
a) Per (8.26), the ideal reverse saturation current density is J, = llj + 7 :
P n
;o 1.6021766x107"(5.687)4.6286x10~ , 16021766 107°(142.186)4.6286x10°
’ 3.37267x107" 1.6863x10

= J;=7.5033x 10" A/em?.

Ideal reverse saturation current [;=J;4=7.5033x10""? (2x10*) = 1.50066 x 102> A.
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Using (8.27), I =J A=J | " —1]=1| """ ~1].

N

k,T 8.617333x107eV/K (300K)
e

Per (7.10), V, = =0.025852 V

(i) Va=-Vr=-3V, I, =1.50066 10 ¢ > 1 | = [;=-1.50066x10% A.

(il) Va=0.6 V, I, =1.50066x 107 *** —1| = [;=1.80235x10" A= 1.802 pA.

(iit) V,=0.8V, I, :1.50066><10*22[e°~8/°~°25852 —1] = Li=4.1275x10° A= 4.1275 nA.

> il

(iv) Vo=1V, I, =1.50066x107 [e1/°~°25852 - 1] = I,=9.4524x10° A = 9.4524 pA.

b)
(i) Per (8.42), the reverse-biased generation current density is J,,, = e;z; W .
0
16 16
Per (7.10), V,, =V, ln£ N, ﬁvd j = 0.0258521n(7 ><(1108 (Z(;l)? )j =1.260749 V.
. O X

Per (7.34),

1/2
w2800,V N+ N,
e NN,

/2
 [2(13.1)8.8541878 x1072(1.260749 + 3) [ 7x102 +7x10% | ||
1.602176634x10™" 7x10%(7x10%)

= W=4.19835x 10" m.

1.602176634x107" (1.8x10'*)4.19835x10”
een 2(2x107%)

= Jgen=3.02693 x 10 A/m>,

Tgen = Jgen A = 3.02693x10°° (2x107®) = Isen=6.05385x107"4 A.

Using (8.34), [ =J,  A=J A oV I, O — %1071 le20025852) p

(ii) Va=0.6 V, I, =6x107" 0007 = Irecii = 6.57551x10* A = 6.5755 nA.
(iil) Va=0.8V, I, =6x107* """ = Ireciii =3.1467x107 A = 0.31467 pA.
(V) Va=1V, I, =6x107" "1 = Ireeiv=1.50585x105 A = 15.0585 pA.



