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Question 1. (10 marks)

a) Group lll elements act as Qcceﬁox dopants whereas Group V elements act as
donoy dopants.

b) What is the dominant recombination mechanism for indirect bandgap semiconductors.
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c) What is the uniform doping approximation and how does it simplify the excess charge
density expression in the p* region of a p*n junction diode? Show in a linear-log plot of abs {Na -
No) vs x (depth in pum).
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d) Draw the excesﬁ:harge density and the E-field plot of a p*n junction.
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e) Draw energy band diagram of an N-type extrinsic semiconductor with Eg = 1.14 eV and a
donor dopant conc., Np = 108 cm™. Clearly label the valence and conduction bands, dopant
atomic orbital and fermi energy levels,
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Question 2. (10 marks)

a) What causes the reverse bias breakdown in a diode? eq‘
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b) What happens to minority carrier densities in the depletion and neutral region under reverse
bias? Show on graph.
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c) If a diode with Na = Np = 107 cm™ at T = 300 K, has a reverse bias breakdown voltage of -8 V
(i.e. pii= 1at Vo =-8 V), what is the magnitude of the critical electric field, &cit?
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d) What is the depletion width, W, of the device at the breakdown voltage?
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Question 3. (10 marks)

A n*-p junction is at zero bias. Given Na = 101° ¢cm and No = 107 em3, and assuming full depletion
approximation and uniform doping approximation,

a) Determine analytical equation for net excess charge density, p(x) and the electric field, §(x) for
x from -2x, to +2xa. Assume that the junction is oriented such that the metallurgical junction is at
x=0 and the n-type material covers x <0.
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b) Plot p(x) and §(x) for the given p-n junction axis orientation.
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¢) What is the unbiased depletion width, W of the diode at equilibrium?
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d) How far does the depletion region extend into the n-side of the diode?
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Question 4. (10 marks)

A p*n substrate diode is fabricated using a 50 um thick n-type silicon substate with Np = 10
cm3 and Na = 108 cm™3. Thickness of the doped p* layer is 0.1 pm. Assume To = 0.5 ps.

a) Draw the doping profile showing log abs (Np-Na) vs x (depth in pm).
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b) What is the saturation current density, Jsin uA/cm??
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c) If the area of the diode well is 0.1 cm?, what is the net parasitic resistance for the dla%é’
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Question 5. (10 marks) should b2 3x10

A p-n junction has Na = 106 cm™ and Np =,«1016 ¢m3 and a minority lifetime, To = 0.2 us. At
certain depth, x in the n-type material outside the depletion region, n =3 x 10*¢cm™ and p = 10°
cm3,

a) Is the device forward biased, reverse biased or un-biased. Explain your answer.
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b) Calculate the net recombination rate, U using the Shockley-Reed-Hall equation. Justify any
assumptions.
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Equations
1deal Diode: Iy = I(e™ -1)
with depletion region GR: Ip=1 (e’”"/"“’ _1)
with series resistance: Iyl (g"‘""ﬁ""’* s _1) where V,, =V, +I R,
with both R, and GR: I, = I,[e%n-1A¥ _1) where ¥, =T, + I R,
Shockley-Reed-Hall: Ua nlx)p(y)-»}
r{n(x)+ plx)+ 2n,)
Einstein Relations: D, n_k_T_ #,. D, "_I_: “,
q
Diffusion Length: L=J/Dr,. L= f T
Saturation Current Density: Jg= qDL atlpo qDL pPad o pn junction (thick p and n)
- (.
D
I et L) , for pn junction (thin p*)
“.P r
Jom LT qDl’:""° . for n*p junction (thin n*)
“'. ‘.
-1
Resistivity: po [._l_ UL (o +o )’ (qn'un +qpu, y. r- el
P P 4
Least Squares: . n x,; Y ( x, ( ] __
VamX+b, = Z{ ] XY
{3
Poisson's Equation: _dplx) _de(y) _ ply)
TR & e
Excess Charge Density ina Diode:  p{x)= q{p(\ -u{x)+ Np-N,]
Built-In Voltage: v, - AT (NN
q ".’
Depletion Width: V- 2&, L (v, -7,). N, N N,
q9 -\’,‘ .\ D \’ + \' C _\"_‘ +V,
Maximum Electric Field: |5 I - 129( Ndo \(V -7,)
o Veg N, 4N, ) 0T
Avalanche Multiplication Factor: M= 1
1- Py
Impact Ionization Probability: 2, - E« uw:l 3<v<6
! strlr
Diode Junction Conductance: g - ﬂ -9 [.o%eIT e 3 1,
b, kT nk1 "°
Diode Junction Capacitance (per area): ¢ _(; )- Qs _ dQugu dWV _ [_ NN, "_ £, N, +N, ) &
wWERT v, AW dv, N, +N, || g NN, | (V)
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Physical Constants and Material Properties

Quantity Symbol ‘alue
Micron pm 107 cm = 10°m
Angstrom Unit A 10°cm=10""m
Boltzmann's Constant k 8.62x10” eV/K
1.381x10" J’K
Electronic Charge q 1.602x10°" ¢
Electron Volt eV 1.602x10™" J
Electron Rest Mass n, 9.11x10°! ke
Free Space Permittivity £ 8.854x10™ F/em
Plank's Constant h 6.626x107" J-s
4.14x10°™° eV-s
Thermal Voltage at 300K kT/q 0.0259V
Properties of Silicon at 300K
Quantity Symbol Value
Intrinsic Carrier Concentration n 1.45x10"° cm”
Effective Densities of States N, 1.08x10"° cm”
N, 2.8x10" cm”
Electron Affinity o 4.05 eV
Energy Gap E, 1.08 eV
Bulk Electron Mobility tty 1350 cm™/V-s
Bulk Hole Mobility W, 470 cm’/V-s
Swrface Electron Mobility w 520 cm/V-s
Penittivity Est 11.7¢,
Properties of Silicon Dioxide
Quantity Symbol Value
Penmittivity Lox 3.9¢,




