ECE609 Spring06

HOMEWORK 5 - SOLUTIONS

Two-Terminal Devices

1 P-N junctions (25pts)

1. °

qVi=E,+ kgTl (

W =1um
E =1.14/10"% = 11400V /cm

The thermal equilibrium densities are: -In the p-type regipn= Na

n=mn?/p=10%°/2x101® = 52103cm =3,

-In the n-type regionn = Nd — Na = 9 * 10'6cm—3 andp = n?/n =

1.11 % 103em 3.

The built-in potential is obtained from:

Vi=FkpT/qln (

Vi=0.63V

3. Vi=0.76V

NsNp
NcNy

NinPp
2

)

) = 1.14eV

) =0.79V

W = 2(e(Ny + Ng)(Vi — Va)/(qNaNg))/?
sinceW = I,, + l,,andl,N; = [,N, it comes:l,, = WN,/(N, + Ng).

V,=0V |V, =05V |V, =-25V
zq | 0.315um | 0.143um 0.703um
E | 40kV/em | 18kV/em | 89kV/em
Vo | 0.105V 0.0216V 0.522V

4. Vi =0.83V so at zero bia3V = 0.33um, and thenC' = 3.17pF.

5.

D pPn0

Dy,
I:qA< ™0 4

Ly,

Dn = 1000 * 0.0258 = 25.8cm?/V's
Dp = 300 % 0.0258 = 7.75cm?/V's

nP0 =n?/Na = 10%°/10'6 = 10*cm ™~

Wn,

3

Pro = n?2/Nd = 10%°/421016 = 2.5 x 103em ™3

Ly, =161pym
I =40.TmA

) % (exp(qfVa) — 1)

= 2% 10%¢m—3 and

1020/(1 % 10%6) =




2 Metal-Semiconductor Junctions (15pts)
1. Vg = Vjy — E = 0.45V, we know that the built-in potential is given by:
Vi= VB — (kBT/q) hl(NC/Nd) = 0.30V.

For the p-type structure:
VB=&(+ Eg/q—Vy =067V

and
Vi=Vp — (kgT/q)In(Nv/N,) = 0.53V.

2. The depletion layer width equaly’ = 0.26um, E = 4.0 x 10°V/cm, V = 5.3V, C = 40nF/cm?.



