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Total electric charge near the junction must be equal to zero. Using this fact, write an equation connecting widths of depletion layers d,,, d, and impurities

concentrations N, Ny.

1 The expression for the volume charge density p = £q.N, 4 (4 for holes, — for electrons) is used. 0.20

2 The correct answer is obtained: N,d, = Ngd,,. 0.30

Show that the following equation holds for electric field

dE, _ p
dr  eoe’
where p - volume charge density in the corresponding point.
1 Gauss's law is used (either for a small volume between the planes at  and = + A, or in the differential form). 0.50

Find the electric field E,(x) as a function of z. Assume that far from junction the field is equal to 0. Express the answer in terms of N,, Ny, d,,, dp, €, €9 and ge.

1 The expression p = £q.Ng 4 is used. 0.10

2 lItisusedthat E,(z) = [ dd]iw dz up to a constant of integration. 0.20
3 The correct dependence E,(z) = 0 for x € (—o0; —dp) U (dp; +00) is obtained. 0.20
e Na(z+d
4 The correct dependence E,(z) = —% for x € [—d,, 0] is obtained. 0.25
5 The obtained dependence E, (z) for € [—d,, 0] differs from the correct one by a constant shift in 2 and/or by a numerical 0.15
scaling factor.
cN 7dn
6 The correct dependence E,(z) = % for z € (0, d,] is obtained. 0.25
7 The obtained dependence E,(z) for x € (0, d,] differs from the correct one by a constant shift in 2 and/or by a numerical 0.15

scaling factor.

Find the electrostatic potential go(m) as a function of . Assume that (p(O) = 0. Express the answer in terms of N,, Ny, d,, dp, €, €9 and g.. Determine the

potential difference at large distance to the junction Ap = p(z = +00) — p(z = —00).
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1 Therelation ¢'(z) = —E;(z) is used. 0.20

2 Foreach of theintervals: {z < —d,}, {—d, <z < 0}, {0 < z < d,}, and {x > d,}, the obtained dependence p(z) differs 4x0.10
from the correct one by an additive constant and/or by a numerical scaling factor (0.1 points for each interval).

3 The correct dependence ¢(z) is obtained for all z: 0.20
(IeNadg
— e z < —dp,
N, (z*+2d
LN 2D e [—dy, 0),
(:lt) _ 20 P
(10 QeNd(2dnw7x2)
——e— TE€ [0,d,),
qudd%
Gl x> d,.
: L . . Ge(Nadj+Nyd7)
4 The correct expression for the potential difference is obtained: Ap = ;Tod 0.20
Draw a qualitative plot of the potential ¢ () as function of .
1 The plot passes through the point with coordinates (0, 0). 0.10
2 The plot exhibits a strictly monotonic increase over the range —d, < x < d,,. 0.20
3 The plot has a zero slope over the range > d,,. 0.10
4 The plot has a zero slope over the range < —d,,. 0.10

Actually, the potential difference is determined by the material properties and the temperature. Knowing the potential difference, one can calculate depletion

layers widths. Express the widths d,,, d,, in terms of A, N,, Ng, €, €9 and ge. Calculate their numerical values for Ap = 0.8 V.

1 Therelation N,d, = Ngd,, from part A1 is used. 0.20
. . . - 2ee0Ap Ny 0.20

2 The correct answer is obtained: d, = 4 / TNV ND)

3 The correct numerical value is computed: d, ~ 58.7 nm. 0.20
. . . B 2eggApN, 0.20

4 The correct answer is obtained: d,, = A / PRAIATAR

5  The correct numerical value is computed: d,, ~ 117.5 nm. 0.20

Determine the maximum value of the electric field in the junction Eyay. Express the answer in terms of A, N,, Ny, €, €9 and ge. Calculate its numerical value for

Ap=0.8YV.
1 Itis noted or used that |E,(z)| attains its maximum value at z = 0. 0.10
. . . N 2ge ApNoNy 0.20
2 The correct answer is obtained: Epax — 1/ (NN
3 The correct numerical value is computed: E . ~ 9.08 - 106 V/m. 0.20

Let njg denote the concentration of electrons in p-type semiconductor without external voltage. Similarly let p;g denote the concentration of holes in n-type

semiconductor without external voltage. Determine electron concentration nj in p-type semiconductor and hole concentration p; in n-type semiconductor after the voltage
V is applied. Consider region outside of depletion layers, where electric field is zero. Express the answers in terms of p1g, n19, V, T, k and ge.

0.25

v
1 The correct answer is obtained: n; = nyg - exp ( ql:T )
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0.25

, , gV
2 The correct answer is obtained: p1 = p1o * €Xp T )

Consider the volume between the planes with coordinates x and x + Az (Fig. 3). Write down the condition that the holes concentration in this volume does not

change. Take into account the holes flux through the two planes and holes recombination. In the limit Az — 0 obtain a differential equation for the concentration deviation

from equilibrium value Ap = p; — p1p as a function of z. The answer may also include D, and 7).

1 The rate of change in the number of holes within the volume under consideration due to recombination is determined or 0.10
otherwise taken into account.

2 Therate of change in the number of holes within the volume under consideration due to diffusion through the plane is 2x0.10 0
determined or otherwise taken into account (0.1 points for each of the two planes).
3 The condition of a constant particle concentration within the considered volume is written correctly. 0.30
. . . dPA Ap . .
4 The differential equation P — 22 s obtained. 0.40
daz? 7pDp
5 The correct equation is obtained, but its expression includes either p; or pip. 0.30

Find the distance L, over which the deviation of holes concentration from equilibrium decreases by e times. Express the answer in terms of Dy, 7,,. Compute

numerical value for D, = 1.0 - 10 ®* m?/s, 7, = 5.0 - 10" s.

0.20
1 The solution of the differential equation from part B2 is found in the form Ap = aexp| — z + bexp o .
v/ 7Dy TpLp
2 Itis shown or used thatb = 0. 0.10
3 The correct answer is obtained: L, = /7pD)p. 0.20
4 The correct numerical value is computed: L, ~ 2.24 - 107° m. 0.10

Determine the hole concentration p; () in region > d,, as a function of coordinate (in n-type semiconductor outside of the depletion layer). Express the answer

interms of p1g, V, T, Ly, dy, k and ge.

1 The general form of the dependence p;(z) = pyy + aexp(—Lip) for > d,, is obtained. 0.10
2 Tofind p;(d,), the result of part B1 is used. 0.20
3 The relation plj(\;i") = exp( qk;/)%j or an equivalent one is obtained. 0.20
4 The correct answer is obtained: p;(z) = p1g + P1o (exp(%) - 1) exp(— w;j" ) 0.30
5  The answer differs from the correct one by a shift of d, in x. 0.20

Determine the density of hole diffusion current j, at the boundary of depletion layer = d,,. Express the answer in terms of p1g, V', Ly, Dp, T', k and ge.

d
1 Therelation J, = —Dp% is used. 0.20
L
2 The derivative of the dependence p1(z) from part B4 is correctly found. 0.20
3 Therelation j, = g.Jp is used. 0.20
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4 The correct answer is obtained:
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The junction cross section area is A. Derive the expression for the total current I through the junction as a function of applied voltage V, semiconductor

parameters N,, Ny, 7, 7,,, D), D, n; and constants k, .

1 The expression for j, is obtained by replacing D, with Dy, and L, with L,,.

2 ltisusedthat j = j, + jn.

3 ltisusedthat I = jA.

4 The correct answer is obtained:

) )Gl %)

Draw a qualitative plot of the relation I(V'), obtained in previous task.

1 The plot is strictly monotonically increasing.

2 The plot is strictly convex downward.

3 The plot approaches a horizontal asymptote as as £ — —oo.

Calculate the numerical values of the saturation current I, at large negative voltage, and the value of current I; for V. = 0.7 V.

1 The correct numerical value is computed: I, = 5.77 - 10716 A,

2 The correct numerical value is computed: I; = 3.23 - 1074 A,
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