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The Bohr atom

The Bohr atoms useful for visualizing atomic structure.
LSS s 55 Al S i) el laa 2da 3000 ) gy allall 23 0
The nucleus is positively charged and has the protons and neutrons.
s iy Sligig g Sle o) sl (g5 gt s Al Ao g B 53
Electrons are negatively charged and in discrete shells.
(shells) 4dle] i dliaiio il jae 8 5 5 Lantl) Al i g Ty
The atomic number is the number of protons and determines the particular element.
(0 02l oM 2l Al paie S Jiag) pealall ga e dang g3 )Ml 8 Cligig pall dae ga (Al 2l
In the neutral atom, the number of electrons is equal to the number of protons.

il Aalaie 53 gl b

b g gyl dae = Gl yiKIY) aae

By Eng. Emad Mahdy
WhatsApp: +201100184676

https://www.youtube.com/channel/UC2VtseEd46wuDfmDXhfBIAg

https://si-manual.com


https://www.youtube.com/channel/UC2VtseEd46wuDfmDXhfB9Ag
https://si-manual.com/

si-manual gis Ao JalS )5S Lol

/https://si-manual.com/courses/electronics-2

G

;QQM‘QJZ I?mw
The valence shell il e

The outer shell is called the valence shell.

Al e sy 3 Al @)\AJ\ adlall

Electrons in this shell are involved in chemical reactions and they account for electrical and thermal conductivity in metals.

Ol sl padl s Al Sl Jaasill e A el (A 5 LibasSll bl il & Gl 538 8 53 s sall i g SIY) @ L
A neutral Si atom is shown. There are 4 electrons in the valence shell.
Sl Gable b clip i) € ellia saylaall () sSaladl 5 )3 b

Valence shell (Four valence electrons)

/

Silicon

Metals have one, two or three electrons in the valence shell.
A e b el g i) ADE 5 o) sl aa g 05 ) e (i 3N galeall (g sias
The atom illustrated here is a sodium atom ( Na), with only one electron in its outer shell.
@Jhl\ L@y\.{: @L&Bh\juj‘)ﬂ;\@‘ (Na) eﬁﬁy'&)du&:’&)\.\cm&ﬂr&)ﬂ\@

Non-metals have either complete or nearly compete outer shells, so they make poor electrical conductors.
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Conventional Current vs. Electron Flow il adall olai¥) 5 addaal¥) ol o (34l
Conventional Current JLill aSdaa¥) olasy! Electron Flow _ill aasll olasy)
By convention current flows from the positive to negative terminals. Current follows electron flow, from the negative to positive terminals.
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The Atom Properties 3,3 aibad
Electrons with the highest energy levels exists in the outermost shell of an atom and are loosely bound to the atom.
A 81 s L Ualg ) Jai 355 5,000 s HLad) Cadlall 8 e ) daUall cly giose culd il 5 yiSIY) aa 8
This outermost shell is known as the valence shell and electrons in the shell are called valence electrons.
S 5 I CaBlad) 8 5 s sall g IV ey SN COME anly g HLad) 3 00 038 (o e
When an electron gains a certain amount of energy, it moves to an orbit farther from the nucleus.
315 ¢y ail e ) iy i ¢ A8 (g0 Ao S (5SS aniiSy Laie
The process of losing an electron is called ionization.
Ol 5 I 8 A )k Adee e

The escaped valence electron is called a free electron.
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Insulators, Conductors, and Semiconductors <Yl sall oluil 5 Sta sall g ) sall

Insulators is a material that does not conduct electrical current under normal conditions.
Aoaladl g lall 8 L 5eS LS Jaa g a 58 Y Bl (A J ) sal)

Most insulators are compounds and have very high resistivities.

Valence electrons are tightly bound to the atoms.
S Alle daslie Led 5 A4S 5e 3 5e (e 3l ) sl alana
sl (Gl Hall B g8y Adasi ye 8K il i)
Examples of insulators are rubber, plastics, glass, mica, and quartz.
S - Sl - e - i) — Laladll 1) gall Al (4
Conductors is a material that easily conducts electrical current.
Most metals are good conductors.

Baa Gla ga (e 3)\.}9 ud\.’.d\ (’LM

The best conductors are single-element materials, such as (Cu), (Ag), (Au), and (Al), which are characterized by atoms with
only one valence electron very loosely bound to the atom.

Gy JS4 Jai ya Jaih 2ty 38S5 5805 (5 i€ Lol l ks paii A5 ¢ (Al s (AU) 5 (Ag) 5 (CU) Jie ¢ uaiall alal 3 gall 4 oL jeSl Sta 5i 3 gall Joail

RV FRKEN
Semiconductors is a material that is between conductors and insulators in its ability to conduct electrical current.
(HeSH Ll Jua i e i) Gua e Jlsall s idla gall G Bale (& il gall sl
The single-element semiconductors are characterized by atoms with four valence electrons.
S8 g Y Ay e (553 3y eainl) polal E5ls pall oLyl s
Silicon is the most commonly used semiconductor.
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Semiconductors <Sua sall sluil

Semiconductors are crystalline materials that are characterized by specific energy bands for electrons.

Ll I Badae Ada culiUady Gt Ay ol o) 9o (& SDLa gall oLl
Between the bands are gaps; these gaps represent energies that electrons cannot have.
il 5 I LeShias o (S Y AU il giae ol il oda Jidh il ad aa g8 Ja) g1l 338 0
The last energy band is the conduction band, where electrons are mobile.
AS el i g S adans Sum ¢ (2 SN Jpna sl (5 siune 5 3 M A8 (5 gisa A

The next to the last band is the valence band, which is the energy level associated with electrons involved in bonding.

ol il b AS el il g SSIYL Jai pell A8UAD (s siane 585 ¢ SN (3Lt an gy &Y AU (5 sise il

Both the silicon and germanium atoms have four valence electrons.
S g il Al e o aile sall s 0 sSiliadl <l )3 e S g 5ins

These atoms differ in that silicon has 14 protons in its nucleus and germanium has 32.
O30 VY e (s sing o silapall Labp a3l 53 (A Uss 0 VE e (o sing 0 sSalaalld Cligig pll aae (& 05K o sailepadl 5 0S5 ,0 (g B3EAY) (S

The valence electrons in germanium are in the fourth shell while the ones in silicon are in the third shell closer to the
nucleus.

sl ol Gl b ¢y sSiliadl 5 g pal) il SSIY) 2 55 Ly 1) Gl gl jall 8 58S il g S)) a5

This means that the germanium valence electrons are at a higher energy level than those in silicon and therefore requires a
small amount of additional energy to escape from the atom.

B3 (e g gl Al A8l (e By dpeS callai L5 ¢ @ sSalnd) 853 s sl @l e e A8l (5 gie ie () 55 a guile jadl SN Gl Y ) ey 128
This property makes germanium more unstable than silicon at high temperatures.
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Covalent bonds in an intrinsic silicon crystal

Covalent bonding tor germanium Is similar because it also has four valence electrons.
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Current in semiconductors

Each shell around the nucleus corresponds to a certain energy band and is separated from adjacent shells by band gaps, in
which no electrons can exist.
Lt g D) (ol a9 o Sy Y ) 5 ¢ Bl <l gand Ao 535 sl AAle Y (e Juadia (e Al Blas ) ey 31300 J s e S
The Figure shows the energy band diagram for an unexcited (no external energy such as heat) atom in a pure (intrinsic)
silicon crystal.
A8 0 sSila B ) shy 8 (DN 51 yal) Jie das LA 3 e 4l (gl () 50) 3 le e 3,0 AL (3las lalade i)l JS) a5

This condition occurs only at a temperature of absolute 0 Kelvin.
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Conduction Electrons and Holes

An intrinsic (pure) silicon crystal at room temperature has sufficient heat (thermal) energy for some valence electrons to jump
the gap from the valence band into the conduction band, becoming free electrons.

Free electrons are also called conduction electrons.

ol 5 S a3 ) SN (5L cpm 8l i RIS g S (mmd ABS ) ym 8L e 380 8l pm o3 (il () 5Suband) 8y g g

@

LA
Jaa gail) i g i) Wl e 3 sl <l g Sy
When an electron jumps to the conduction band, a vacancy is left in the valence band within the crystal.
Bkl dala sl glas b e 8 ailSe @ i ¢ Jaa il Bl ) (5 58] 5, Leie
This vacancy is called a hole.

For every electron raised to the conduction band by external energy, there is one hole left in the valence band, creating
what is called an electron-hole pair.

(0 5S C) 7550 am Lo e iy L ¢ SN 3 6 8 A0 o 5 ¢ A A 5 Gl i) gy oo il (3 ) dnd ) s (5 51) O

Recombination occurs when a conduction-band electron loses energy and falls back into a hole in the valence band.

S Gl 8 o g Al 8 e daan UL 5 il LeiinS) ) A8UAD Jaa il (3L (5 53SY) 88y Laie (Lgaaa s) 3,30 3 ga) S il dale) Caaa

When a voltage is applied across a piece of intrinsic silicon, the thermally generated free electrons in the conduction band,
which are free to move randomly in the crystal structure, are now easily attracted toward the positive end.

63‘5.1\}&::d&d)&ﬂ\@'&)&uﬂéb&dgm)ﬂ\élja.\‘_;@)‘);'éﬂjw\c‘);l\tiﬂ_ij‘)ﬁgY\u\A"59.\“ uw\ww&@)@ﬁ@&hﬂhm
ce el Caphall gad Al e GV da ¢ (g sl S Al
This movement of free electrons is one type of current in a semiconductive material and is called electron current.
O STy J\,}SM}&A}AMEJ&L’;)@\ L}Ah\}&)}g&%'&)ﬂ\ Gl g yiSIM AS Al o2
Another type of current occurs in the valence band, where the holes created by the free electrons exist.
Bl el 5 ) Ll ) G gl o ¢ gl Gl 8 Ciasy Ll (e AT e 58

Electrons remaining in the valence band are still attached to their atoms and are not free to move randomly In the crystal
structure as are the free electrons. However, a valence electron can move into a nearby hole, thus leaving another hole
where it came from.

dﬁisagig&g‘&h@}_EJQ\QU})N}Z\&@J}M\%SJH\Q&\}&;(&m“.d)ﬂ\géz);a_m A 5 Ll ) dlata dki;él&ﬂ\éuajgéw“:f [REAEPRNIY

i g g ISl (s (5 AT 5 gmd ol 5 Las oy Bl ) S 5 )

Effectively the hole has moved from one place to another in the crystal structure, as illustrated in Figure.

SN B mage s LS ¢ gl Sl B AT ) (S (e Jlad IS ) Jam)

Although current in the valence band is produced by valence electrons, it is called hole current to distinguish it from electron
current in the conduction band.

Jaasill 3as S electron current JI ce o xail Hole current (oems 43 ¥) ¢ 581Kl g i< ok oo 4l o5 58 gla 3 lall o ge a2 ) e
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Holes Current
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Summery

The electrons in the conduction band and the holes in the valence band are the charge carriers.

sl OBl a3 GUa 8 83 sa sall il 5 Joam il Jay 3 8 53 s all i g Y

Conduction in semiconductors is considered to be either the movement of free electrons in the conduction band or the
movement of holes in the valence band, which is actually the movement of valence electrons to nearby atoms, creating hole
current in the opposite direction.
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Questions

1. What is the basic difference between conductors and insulators?

2. How do semiconductors differ from conductors and insulators?

3. Why does a semiconductor have fewer free electrons than a conductor?
4. How are covalent bonds formed?

5. What is meant by the term intrinsic?

6. Are free electrons in the valence band or in the conduction band?

7. Which electrons are responsible for electron current in silicon?

8. What is a hole?

9. At what energy level does hole current occur?
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