ECE609 Spring07
FINAL EXAM

INSTRUCTIONS

e This examination is TWO HOURS in length. Open Notes and Books.

e Give your answers in the provided sheet, NO ADDITIONAL paper sheets will be graded

e YOU WILL MAKE USI: of the following numerical values, also if it is not sp
will consider T" = 300K ;

Fundamental constant:

me = 9.1 % 10~31%g
h=6.63%10"34]5
ii=1.054%10"%4]s
e=3.0x10%m/s
7=16%10"19C

20 =28.85%10"12F/m
1/(aB) = (k5T/q) = 0.026eV

lox = 3.960

Semiconductor properties at T = 300K :

" E, (eV)

ni(em=3) i N.(em™3) I Ny(em™3) |

with 1F = 142 /kg /m?
at T = 300K

*

ecified in the text you

m, m;; ] €r ]
Si 111 [1.5%10'°] 2.8 %10 [ 1.0% 107 | 1.1im, 0.56m, [ 11.8
GaAs| 143 | 1.8%10° [ 471077 | 7.0 % 10™® 0.067m, | 0.48m, | 13.2

Good Luck !!




1 Review of Two ancl Three Terminal Devices [S0pts]
P-N junctions(10pts)

e What mechanisms cause current in a p-n junction?
e How does one calcilate the current in a p-n junction?
e What is the full depletion approximation? Why do we need the full depletion approximation?

Metal-Semiconductors conta:ts(10pts)

e Complete the following table either using ¢Vir > ¢Vee or Vi < qVie (¢Var and ¢V, being
respectively the wark functions of the metal and the semiconductor).

[ Schottky barrier | Ohmic contact |

M-type semiconductor
F-type semiconductor

e What is then happening if the concentration of doping increases significantly ?

e What are the expressions of the built-in potential for a Schottky contact with a N-type and P-type
semiconductors (gi/e expressions in function of ¢V, Eg. ny, £, Ngor Ng) ?

MOS capacitors(10pts)

e What are the basic assumptions regarding the charge in the accumulation and inversion layers
(in terms of majorily and minority carriers)?

e Let us consider the MOS transistor configurations given in Fig. 1 and Fig. 2. Complete the
following table indicating what it is happening in the different cross sections.

atr=dorz = —d ‘:{:=0 —|

Figure 1 {(with Vig > Vp Vi > 0)

Figure 2 (with Vig < Vip Vip < 0)

e What is happening :f the oxide thickness decreases significantly ?

Heterojunctions(10pts)

Let us consider a III-V semiconductor composed by following layers (from gate to substrate) GaAs,
n-AlGAAs, AlGaAs, GaAs. Describe what is then happening in Figure 3 if we look at the potential
below the surface. Comm ents. Also what is the point of studying such devices ?

MOS transistors(10pts)

e What is the difference between the linear and the quadratic MOSFET model?
e Complete the follov’ing “step-by-step’ table going from top to bottom.



| stepby stepevents (Vg = 0, /ps = || What happens for Ipg? | Comments

0< Ve <Vr

0<Vps < Vao- Vg

VG > VT

Vps > Vg — Vp

e List the three main limitations of the quadratic model.
e What is happening for the threshold voltage Vi if the channel length decreases significantly ?

2 Exercises (20pts)

o A light laser radiation is shining on a GaAs semiconductor with a 900nm wavelength, can we assume
the creation of an electror -hole pair ? What is happening with a Silicon semiconductor ?

e Using the quadratic model and for the biases VDS = 2.5V and then V5 = 3.0V , calculate the drain
current of a silicon n-MOSFET with Vi = 0.26V , W = 10um, L = 1um, t, = 30nm, Vgg = 3V .
Use a surface mobility of 300cm?/V s (we also consider that the source and substrate are grounded).
What is now happening i’ one considers the velocity saturation, calculate the new drain current for
the two different values of VDS (We consider for the critical value of the electric field E.=Vps/L).
Comments.

3 Problem - Introduction to PIN Diode (30pts)

The pin (p-i-n) diode, generally made of silicon, is derived from the p-n junction adding an undoped silicon
zone (¢ for intrinsic) of width A ~ 100um between the p and n regions. Lacking an analytical solution of
the band bending in an i region, we attempt to understand it intuitively in the next questions.

1. Let us first consider a ab-upt P-N junction first. Using the full depletion approximation, give the
expression of the charge (Q per unit of area stored as fixed charges in the band-bending regions on
either side of the metalluryzical junction in function of V; — V4 (built-in minus applied potential) and
the doping IV, and V.

b2

A simple approximation tc a p-i junction is a p-n junction with Ny << N, (ap—n— junction). Using
the above result, what can you say about the width of the space charge region zone in the n— region
compared to the width of the corresponding zone-in the p region ? In which spatial region does most
of the variation of the elec rostatic potential occur (justify your answer)?



3. Consider next the behav or of the space charge zone in an intrinsic semiconductor. Write down the
Poisson equation and thz equation expressing the charge density as a function of the electrostatic
potential (we consider a potential difference V' with respect to the intrinsic region), and deduce the
differential equation sati;ified by the potential (in function of n;).

4. The above equation has no analytical solution. Nonetheless, one can estimate the order of magnitude
of the characteristics distance over which the bands curve. To this end, rewrite this equation in an
approximate form in the limit of very small potential variation and give a general solution in terms
of a characteristic distanze A (you may need also to include the constant coefficients a, ). Express
the characteristics distance A (the “screening length” or Debye length) as a function of the intrinsic
equilibrium carrier density 2n;. Calculate X for silicon at room temperature.

5. Suppose that the above results remain valid for V' > kpT/q, sketch and explain the energy band
diagram for a pin diode «t equilibrium.
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