ECSE 2210 Microelectronics Technology
Review Questions for Quiz 2
Problem 1
The figure below shows a Si p*n diode maintained at room temperature. The donor concentration
Np and the hole diffusion length Lp in the n-side are given. Assume that Er = Ey on the p-side of the
diode.

N
p* Np = 10%°cm’ e=10" C/(Vcm)
L, = 2 um; Dp=10cm?/s q=1.6x10"°C

(a) Draw the equilibrium band diagram for this junction. Mark the energy levels Ec, Er, E;, and Eyv
in the diagram. Also, determine the built-in voltage.

(b) In this diode, most of the depletion layer will be in the (p*-side, n-side, distributed equally in
the two sides: choose one). Calculate this depletion layer width at thermal equilibrium.

(c) Calculate the reverse saturation current, l,, for this diode. This current I through the junction
will be comprised of (mostly holes, mostly electrons, both electrons and holes: choose one).

(d) A forward voltage Ve = +0.3 V is now applied to the diode. Plot the minority carrier
concentration profile on the n-side of the diode as a function of x. Mark the values of p,(x = 0),
Pn(X =2 um), and pno.

(e) A reverse bias Vg =-0.3 V is now applied to the diode. Plot the minority carrier concentration
profile on the n-side of the diode as a function of x (use the graph below). Mark the values of

pn(X = 0), pa(X =2 um), and ppo.
Problem 2

Consider an abrupt GaAs n*p junction with a cross sectional area of 10um X 10um. The n-
region is 100um thick with negligible thickness for n* region.

n* p &(GaAs) = 10 F/cm
N, = 2x10%cm’ q=1.6x10"C
Dy=196 cm?/s, D,=9 cm?/s ni(GaAs)=2x10%m’*

m=Tp=17= 10%s

(a) Calculate the diode capacitance at a reverse bias Vg =-10 V. (You can neglect Vy,; for this
calculation)

(b) Calculate the ideal diode current | at a forward voltage Ve = +0.8 V

(c) Calculate the diffusion capacitance Cp, at a forward voltage Ve = +0.8 V.



(d) Calculate the parasitic series resistance and then draw the equivalent circuit for the diode for a
forward bias condition of 0.8V.

(e) Now assume that the diode is not ideal. Calculate the generation-recombination current Iz at a
reverse bias Vg =-10 V.

Problem 3

A silicon npn transistor has the following parameters. The transistor is biased with Vge = 0.6 V and
the C-B junction is reverse biased.

Emitter Base Collector Area=10" cm’
<« We=10pm —>¢—Wp=lpm —><€——Wc=100um ——>
17,3 16,.,.--3 16 -3 q=1.6x10"°C
Np=5x10""cm Na=3x10"cm Np=10""cm kT/q: 0.0259V
De=5cm?/s Dg=10cm?/s Dc=25cm?/s
Le=2um Le=10um Lc=10um
B = 10-7 S

¥ I
—it |
VBE:0.6 Vv VBC - 5V

(a) Calculate the collector current I, under the above biasing conditions. Ignore the effect of base-
width-modulation for this calculation.

(b) Calculate the base current due to recombination and the base transport factor or.
(c) calculate the total base current, Ig and hence the common emitter current gain, f.
d) Plot the minority carrier concentration profiles in the emitter, base, and collector regions of the

transistor shown above. Mark the important numerical values on the graph. What type of
minority charge carriers will you find in the base (electrons or holes)?



Problem 4
(a) Two pnp BJTs are identical except that the base dopings are different as shown below.

Which transistor will exhibit greater sensitivity to base-width modulation under forward active
mode biasing?  Diode A or Diode B

Which one will have higher punch-through voltage?  Diode A or Diode B
A B

10% cm® | 10%cm®| 10% cm® 108 cem® | 10%cm®| 10% cm®

(b) The delay in switching from the on-state to the off-state in a p-n junction diode is caused by the
(immobile charges in the depletion layer, stored minority carriers in the neutral region,
stored minority carriers in the depletion layer: choose one). If we increase the minority
carrier lifetime, the turn-off time in a pn diode will (increase, decrease, remain the same:
choose one).

(c) Consider three p*-n-junctions as shown below.
Which one will have the lowest breakdown voltage Vgg ?
Which one will have the highest R-G related current (Ir-g) at reverse bias?
Which one will have lowest capacitance for given reverse bias?
A B C

P* | Np=10"cm® P* | Np=10"cm® P* Np=10"° cm™®

intrinsic

(d) Consider diodes made from Ge, Si and GaAs. Assume identical doping etc.
Which diode will have the lowest reverse leakage current?
Which diode will have highest reverse Avalanche breakdown voltage?
Which diode will emit light when forward biased?



(e) Linear plots of the minority carrier concentration on the n-side of two ideal p*-n diodes
maintained at room temperature are shown below. The n-side doping Np and the cross-sectional
area A are the same in both diodes. The diffusion coefficient of holes is the same for both
diodes. The forward voltage applied to diode A is (the same, larger than, smaller than:
choose one) the voltage applied to diode B. The current through the diode A is (the same as,
larger than, smaller than: choose one) the current through the diode B.

Pn(X) N-region

Pn(Xn) —

Pro _ | ___

v

()] The minority carrier concentration profile in the neutral region of a pn junction diode is as
shown below. The lifetime is 1x10Ps for electrons and 2x10°s for holes. The excess minority
carrier concentration (shaded area) is marked in the figure. Calculate the current flowing through
the diode.
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/ holes
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(9) The reverse saturation current of a diode does not vary much with the temperature.
True or False?



