ECE 3040B Microelectronic Circuits

Exam 1
June 7, 2001

Dr. W. Alan Doolittle

Print vour name clearly and largely: SOLUTIONS

Instructions:

Read all the problems carefully and thoroughly before you begin working. You are
allowed to use 1 new sheet of notes (1 page front and back), your note sheet from the
previous exams as well as a calculator. There are 100 total points in this exam. Observe
the point value of each problem and allocate your time accordingly. SHOW ALL
WORK AND CIRCLE YOUR FINAL ANSWER WITH THE PROPER UNITS
INDICATED. Write legibly. If I cannot read it, it will be considered a wrong answer.
Do all work on the paper provided. Turn in all scratch paper, even if it did not lead to an
answer. Report any and all ethics violations to the instructor. Good luck!

Problem # ==> #1 H2 | #3 | #4 | #S | #O | #T | #8 | #9 | #10 | #11 | #12 | #13 | #14 | #15 | #16 | #17 | Bonus | Bonus

Number of Tests= 45

Point Value of problem= 2 2 2 2 2 3 3 3 3 3 5 5 5 5 51 251 25 10 5
Individual Problem Average= 86.7] 100.0] 93.3] 91.1] 75.6] 97.8| 84.4] 95.6] 82.2| 91.1] 92.9] 96.9| 83.1| 88.0] 65.8] 31.3| 41.9 7.6 30.2
Exam Average= 64.5

Exam Standard Deviation= 15.6
Exam Max= 100.0

Exam Min= 34.0




First 25% Multiple &£hreige and True/False (Select the most correct answer)

1.) (2-points) True Drift current results from movement of electrons and holes from
areas of hjgtroegcemsation to areas of low concentration.

2) (2—p0ints False: Adding acceptors to a semiconductor results in more holes than
electrons 1 gfess

3.) (2-points) True c@ If Carbon (Group 4 element) is used to dope InP (In is group 3, P is
group 5), #PtyRe YemieOnductor will always result.

4) (2—p0intsr False: The energy band gap in a semiconductor is the energy required to

free an elettrorf that normally bonds atoms together, allowing the electron to move through

the crysta,
5) (2—point r False: When the fermi-energy is far above an allowed state, the state is

probably otewpied by an electron.

Select the best answer for 6-10:

6.) (3-points) Given Si and Ge are from group 4, In and Ga are from group 3 and P is from
group 5, which of the following semiconductors is a binary compound semiconductor?
a.) Si
b.) Ge

Ing 47,Gag 53P
Gl

7.) (3-points) The electron effective mass...
...i1s needed to account for the interaction of the electron with the periodic potentials in
the crystal.
b.) ...is smaller than the mass of an electron in vacuum because the electron is moving at
close to the speed of light.
c.) ...is always larger in compound semiconductor.
d.) ...is equal to the hole effective mass since they have equal but opposite charge.

8.) (3-points) The following energy band diagram indicates the material is:

2l p-type E.
@ n-type E¢
C.) Intrinsic S

d.) s-type E,

9.) (3-points) For to the following band diagram, what is known fro

a) The device is leaning on it’s side.
@ There is a non-zero electric field in this material

¢ information given:

Ec
”) There is no current flow in this device
d.) There is no electric field in this material.

10.) (3-points) A plane intersecting the coordinate axes at x=3a, y=3a and z=3a, where a is the
lattice constant has which of the following Miller indexes:

a) (100)
(111)
C.) (666)
d.) (333)
e.) Forget it, I will just quit school and go sell T-shirts at the beach.



Second 25% Short Answer (“Plug and Chug”):

11. )(S-pomts) A semlconductor with an intrinsic concentration, n=1e14 cm™, is doped with 2¢14
cm™ donors and 1e11 cm™ acceptors. Assuming total ionization, what is the electron and
hole concentrations? —
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12.) (5-points) For the semiconductor in question 11, if the effective density of states in the
conduction and valence band (Nc and Nv) is Nc=1e19 and Nv=2¢19 cm-3, what is the
bandgap energy of the material at room tzmperature
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13.) (5-points) For the material in questions 11 and 12, what is E«E, (where E; is the fermi energy
and E, is the top of the valence band)?

F: NV‘€<EV’ EFB//.«.T
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14.)(5-points) For the material in questions 11-13, the electron mobility is 800 cm’/Vsec and the
hole mobility is 200 cm*/Vsec. What length of material is needed to make a resistor with
resistance 1000 ohms using a cylinder with cross-sectional area 0.001 cm’.

|
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15.)(5-points) A semiconductor has 5e19 cm™ very deep acceptors (large binding energy) which
are only partially ionized at room temperature and 4e17 cm> shallow donors (small binding
energy). This results in Se17 cm™ holes, 4¢17 cm™ electrons and all the donors are ionized.
How many unionized acceptors are present? (Hint: do not make this problem T it

is)
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Third 25% Problems (3™ 25%)

16.) (25-points)

A semiconductor has the following parameters:

Mobility, 1,=200 cm*/VSec

Substrate relative Dielectric Constant, & gemiconductor=Ks=11.7
Dielectric Constant of free space, €5 =8.854e-14 F/cm

Substrate intrinsic concentration, n=1¢10 cm™

Substrate Doping, N A(X):- lel5s e4.6s1n(21tx/1 ) cm’

Plot and label (label the maximum and minimum values) the electric field from x=0 to x=100 um
for this material in equilibrium.
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Extra work can be done here, but clearly indicate with problem you are solving.
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Pulling all the concepts together for a useful purpose: (4™ 25%)

17.) (25-points)

Light from two identical light sources is absorbed on BOTH sides of a silicon wafer of thickness
520 um (the wafer i is similar to that passed around in class). The wafer is p-type and is uniformly

doped with 10" cm™
sfeao( Sta acceptors. The light has
dinosaurs walked the earth Light

A = a very long time!) and \’/

can be approximated as x=-10um 9 ehon -
being sbsorbed uniformly  x=0 poesrend) Tight Ahsarhed

within a 10 um region

7# = (D \near cither surface (i.e. no
light penetrates past 10 ¢
um into the wafer). The
diffusion coefficient for No Light Absorbed
electrons is 2.5 cm%/Sec.= Or\

If the excess HOL

; dthemmon

GL{ _ ,
holes ty
1 carier lifetime is 1 x=500 um » [fp— —
millisecond (1e-3 L, x=510 um > 2e5ian ,
(?L Ie lectrans seconds); /\

What is the excess .
“I 7 3 electron nght

0 ¢~ A ec  concentration for

all positions in the

wafer. Hint: break the problem up into three regions (two of which have identical

solutions) and use the x axis pictured above. Your answer should be a numeric

expression with x being the only independent variable.

(Bonus-10 points) The excess electron concentration changes with posmon in the wafer.

Thus, an electron current density must result. What is the magnitude and direction of this

current density at x=125 um from the top surface?

(Bonus-5 points) Explain why no net current would flow.

d*An, An -3 s
Given: 0=D, 0 2.~ General Solutionis:  An,(x)= Ae Tt + Be 7z
Tn
d*An, An _3
Given: 0=D,——*-—%+G,  General Solution is: An, (x)= Ae Z8 + Be+% "+G,T,
dx T,
. d*An, .
Given: 0=D, 5 General Solutionis:  An, (x)=A4+Bx
dx
d2
Given: 0=D, £+G, General Solutionis:  An, (x)=Ax* +Bx+C
dAn An 4
Given: = £=- - £ General Solution is: An, (t) =An,(t=0)e /.
Given: 0=——2+G, General Solutionis:  An, =G,7
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Extra work can be done here, but clearly indicate with problem you are solving.
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Extra work can be done here, but clearly indicate with problem you are solving.
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Extra work can be done here, but clearly indicate with problem you are solving.
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