ECSE-2210 Microelectronics Technology
Class Activity 2 — Solution

1. A voltage of 10V is applied to point B with respect to point A in the figure below. Assume C
is in the middle. If an electron at rest is placed at point C and released,

a.

In which direction will the electron move? Towards A or towards B?

The electron will move towards B. Electrons move towards positive terminal since the
electron charge is negative.

Calculate the electron energy in Joules when it reaches B.

Energy=qV=16x10"Cx5V=80x10" ]
(Note: Cx V=1J; A x V=W, A= C/s. Make sure that you use consistent units.)

Calculate the electron energy in eV when it reaches B.

A new unit of energy is electron volt (eV). It is the energy acquired by an electron when
subjected to 1V potential difference. Since 1 electron has the charge ¢ = 1.6 x 107 C,
1 eV turnsouttobe 1.6 x 1077 x 1V, e, 1.6 x 107 1.

So, 1 eV = 1.6 x 107" I. Therefore: Energy =8.0 x 10 J=5 ¢V

What will be the electron velocity in m/s when it reaches B?
The electron energy at point B is 0.5 mqv* where v is the velocity at point B and m, is the
rest mass of electron. So, (1/2) m,v*=8.0x 107" J

0.5x9.11 x 10% kg x v* = 8.0 x 10" J results in v = 1.3 x 10°m/s

Calculate the electric field & that exists between point A and point B if the distance
between A and B is 5 cm. Indicate the direction of the & —field by an arrow.

The electric field is directed from the positive terminal to the negative terminal, i.e., from
B to A. If we take the positive x-direction as from A to B, then the direction of electric
field is in the negative x direction. The electric field magnitude is potential
difference/distance =10 V/5 cm =2 V/cm.



So, the electric field is —2 V/cm assuming that the positive x direction is from A to B.
(Unit of £is V/cm or V/m. The direction is from +V to —V.)

2. Calculate the energies (in eV) for the first three allowed orbits of the hydrogen atom.

Use equation 2.1 in text, and plug in the values. Make sure you are consistent with the units.

Note that # = i
27

Answers should be: —13.6eV forn=1
—34eViorn=2
—1.51eVfiorn=3

3. Suppose an electron falls from the n = 3 orbit to the n = 2 orbit in hydrogen. Calculate the
wavelength of radiation emitted during this process. Express this wavelength in Angstroms.
Is the emitted light visible?

When electron falls from n = 3 to n = 2 orbit, the energy of radiation is
(- 1.51eV)—(-3.4eV)=1.89 eV
Use E=hc/\ and
A=hc/E=(6.63x10"Jsx3x10°m/s)/(1.89 eV x 1.6 x 107" J/eV)
=6.577 x 10" m = 657.7 x 10” m = 657.7 nm = 6577 A
(This corresponds to red light. Note that the visible spectrum is approximately from 4000 A
to 7500 A. 4000 A being the violet color, and 7000 A being red color.)
4. a. What is the number of Si atoms per cm’?
See your class notes:
There are 8 atoms per unit cell. The unit cell volume is @’ with a = 5.42 A =5.42 x 10°® cm.
So, number of atoms per cm’ =8/(5.42 %107 cm)’ = 5 x 10 atoms/cm’

b. What is the total number of electrons present in 1 cm® of Si?

Each Si atom has 14 electrons, so total number of electrons per cm’ is given by
14 x 5x10* cm™

c. What is the total number of electrons present in the valence band of Si at 0 K?
There are 4 electrons per atom in the valence band or 4 x 5 x 10> valence electrons/cm’.
d. How many electrons are free to conduct electricity at 0 K?

None, since the valence band is full, i.e., every state in the valence band is filled with



electrons. Note that there are 4 states per atom or 4 x 5 x 10%* states/cm’ in the valence
band, and there are 4 valence electrons per atom 4 x 5 x 10** valence electrons/cm’. A
full band cannot conduct current because for every electron moving from one state to
another state in one direction, there must be another electron moving in the opposite
direction.

e. Is Sian insulator or a conductor at 0 K?

Si will be an insulator at 0 K. At 0 K the valence band is full and cannot conduct current.
The conduction band is empty and cannot conduct current either. If you think in terms of
the bond model, each and every electron is used up in making the bond. So, no current
conduction is possible unless you break the bond. There is no energy available to break
the bond at OK.

5. Suppose you have some electrons to spare and you want to put them in the conduction band
of Si. What is the total number of electrons/cm’ that you can put in the conduction band ?
(This is the number of states/cm’ available in the band.)

You can put up to 4 x 5 x 10* electrons in the conduction band since there are that many
states available in the conduction band. Of course, it is a very hypothetical question.
6. Using the bond model for a semiconductor, indicate how one visualizes (a) a missing atom,

(b) an electron (c) a hole (This is problem 2.2 in the textbook)

See figure 2.7 in text




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


