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Answer any FIVE questions.

1. A pure Si specimen .of cylmdncal shape has a cross sectional area of 10 cm”. The

charge carrier conceniration is 10** m™. A current of 1.5A flows along the cylindrical
spemmen at a temperature of 27° C. Find the thermal velocity and the drift velocity of
carriers in this specimen.

Is given data adequate to find the mean free path and mean free time of electrons in
this specimen? If not, state what additional information is required.

2. A resistor in an integrated circuit made of Si has dlmensmns 2umx 1 pm x 40 pm.

The doping level is umforrnly 10> atoms perm 3 of boron(B). Find the resistance at
a temperature of 27° C.

Find the number of electrons in the resistor and show that the current they carry is

negligible. Assume for Si at 300° K nj=p= 1.4 x 10'¢ m'3, u—=0.135 m?/Vs and
_ 2

pp=0.048 m"/Vs.

)

3. Find the dlffusmn current density if the electron number density varies linearly from

10%*m> to 10 m” over a distance of 10 pm and the electron diffusion coefficient

1s3.5x 107 mzsl.

Find the magnitude and the sign of the electric field, which will produce an equal drift
current to the diffusion current calculated above, if the electron mobihty is 0.14

m’/V$. Use the electron number density at the mid point of the linear range.




(a) What is the effective charge and mass of a hole?
(b) Give the relationship between the mass and the wavelength of a particle.

(c) Calculate the number of electrons passing a point in the conductor per second, if
the current in the conductor is 0.5 A.

(d) Obtain the uncertainty in the velocity of an electron confined within a volume of
15 3
10

{a) -_(;Jalculate the approximate intrinsic electron concentration in diamond ai a
Yemperature of 150°C. Assume that the energy gap 1s 5.3 eV and also that N

and Ny are independent of temperature and are equal to 2 x 10* m 2

(b) When electrons and holes recombine in GaAs, the energy released is emitted as
photons. If the energy gap is 1.43 €V, what is maximum emitted wavelength?

. Adiode made in Ge have doping concentrations Np = 10%2° m™ and Np=10"m~
at 27° C. Find '

(a) the built-in voltage at the junction
(b) the depletion layer width at zero bias

If the given data js not adequate to perform above calculations, state what additional
information is required in each case. Explain in point form the procedure that should
be followed in order to find what is asked under (a) and (b).

. The safuration drain current for a n-MOSFET is 5 mA at Vgs=12 Vand 10 mA at
Vgs =16 V. Estimate the threshold voltage and the value of Cox-W/L.

A pup bipolar silicon transistor has a base doping of 10* m's, an effective base
width of 1.5 um and a junction area of 10 cm”. What emitter-base voltage will
sustain a collector-current of 5 mA when the collector Jjunction is reversed biased?
Make a sketch of the hole concentration in the base region under these conditions.

For 51 assume 11,=0.135 m%/Vs and 1y=0.048 m’/Vs.
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e=168x1077C
Me = 9108 x 307 KQ
h=6625%10"" Js

c=3x10%ms™

Pa=nhi2mr ZA=hfp AxApzh AEAtzh

“\/52 = “J{ 3KTime)  J = -nev

R = ~(1/fne) = (1/pe)
Pn = n-,leD Op = nizl'NA
Delile = KT/e E = hc/A

Je = nepeE + eD, (dn/dx)

n = Ng exp —(E.~Eg)/KT

n = '\.chNv avn-(Ec/2KT)

Vo =V = (Delpte). In(Naing)
ls = A [ (Deenp/Lp) + (Dhepn/Lo)]
Wno” = (2eVale). [Na/(NaNp + Np2)]

ko= 138 % 107 Jik
TeV=16x10""y
o = 8.854 x 10 % F/m
I =N.ne+ Nin.e

R=plA p=1lc J=GE
v =etE/m.

Ue = eT/me L4 = et/mp
A= 'r"/c? D=(A3 ).'\/(:-2

G = leNE= HUppe

Jiy = pepyE - Dy, (dp/dx)
p =Ny exp —{Ep-Ec /KT
Vo = (KT/@). In(NgNa/m)

| =g [ exp (eVIKT) — 1]
Wl = Wg? (1- VIV) W = Wq + W,
Wpo® = (26Vp/e). [NDANAND + Na?)]
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