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II STORY OF SEMICONDUCTORS:

fk)dern electronics -y be considered to have beaun in 1883 when n.O88&
Edi.on. experi.entina with liaht bulbs. diacovered what i. now called the
£4i.on Iffect. £4i.on added a ...11 8etal plate to the liaht bulb in an
attempt to iaprove it. perfor8ance. Ie observed that a current would flow
fro. the fil.-ent to the plate under certain conditions. lowever. .ince
the addition of the plate did not help the perfor8ance of the liaht bulb
it was 8erely noted and filed.

In 1898, J.A. Fleming atudied the Edison Effect and _de use of it as .
vacuU8 tube diode for rectifyi", and detectina. Be found it to be .ore
aenaitive than other devices in use at that ti.e. In 1901 Lee Deforest
added a third ele.nt, the control arid, to the diode in an attempt to
increaae its aensitivity. In doing ao, he accidentally diacovered the
amplifying properties of the new tube called a triode.

Modern electronics advanced rapidly as the vacuum tube was studied and
Ireatly improved. Itl development led to .uch inventions as radio. tele-vi.ion. 

radar. loner. computers. and many .pecial weapons control systems
uaed by the armed forces in World War II.

In 1948, Dr. William Shockley And his associates discovered the ability of
a lermanium crystal to amplify as well as rectify. This had a revolution-
ary effect on the already vell-establisbed electronics industry.

The first transistors were very poor; they did not amplify much, produced
no real power, developed great amounts of noise, worked only in the low
frequency ranges and were extremely he~t sensitive. However, because
their potential advantages were so great, they were the subject of intense
research. They offered the advant~ges of extreme simplicity, small power
requirements, and .ma~l physical size.

At first transistors simply replaced vacuum tubes and provided the Ireat
advantales of savini space and power. 8ec:at1se of their .pecial nature.
transistors have been put to uses that can take advantale of these charac-
teri.tics. There is no need to emphasize what a boon the.e characteri.tics
have been to computers and .pace exploration.

snuC'l11I.E OF MATI'ER.:

In order to clearly underatand the internal operation of a transiator, we
8l8t briefly touch on the theory of the atructure of _tter. Matter i.
defined al any 8ubatance that haa weilht and occupie8 8pace. It can be a
liquid, laa, or lolid, i.e., water, air, or wood.

ELDtENTS AND COMPOUNDS:

Matter i. aade of one or ~re ba.ic 8ubatancea caJ.led ELmEHTS. An ele-
..nt ia defined as a aub.tance that can neither be broken up into other
8ub8tances nor created by ordinary chemical 8eans. To date 8cienti8ts
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have dia~ov.red 105 elementa, 13 of which are ..o.-de. Ixa8plea of ele-
-.ota found io Dature are ,old, copper, alU8inU8, °XYleo, hydrolen, and
_rcury.

fl>LlCULES :

Jf we divide water a. far.. we can. we have a .iUlle drop containins two
b,drolen particle. and one oX7len particle. If thi. MOLECULE of water
w.re reduced any further. it would no lonser be water but bit. of hydrogen
and oXYlen. Tbua a 8Olecule i. the ...lle.t unit to which a compound can
be reduced and .till retain all it. ori,inal properti.. aod characteris-
tic...

..11 1.

ATOMS:

A .ingle molecule of water contain. two ATOMS-of hydrogen and one atom of
oXYlen. An ato. i. the ...llest particle into which an element can be
divided and .till keep it. identity a. an element.

SUBATOf'IIC PARTICLES:

.,At ODe ti8e, it waa tboucbt that tbt! atom we. the ...llest particle in
exi.tence. Today, we bow it i. cO8polied of ...ller .ubat~ic particle..

Tbe atoe can be divided into two _jor part.. The NUCLEUS and orbitinl
ILICnONS. fipre 2 .hows the .!aple.t known atoa. hydrolen. The inner--~
circle represent a the nucleua and cOD.ista of a proton which baa a po.i-
ti (+) charle. The outer circle repre.ent. an electron circlinl theDucleu.. 

The electron ba. a nelative charle. Under DOr88l conditions
there will be the .&me Dumber of protona and electrons in any liven atom.
Il.-nta differ froa one another in the n1la8ber of protons and electrons
their ato.a contain.
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~,-
ILIC'~

ONE ATOM OF THE
ELEMENT HYDROGEN

Fia2

Figure 3 represents ~ different elements. Notice that each element has a
different number of electrons and protons. All atoms of a particular ele-
ment will contain the .ame number of electrons and protons. Silicon (Si)
contains l~ protons in the nucleus and l~ orbiting electrons. The elec-
trons are distributed in 3 rings.

Copper has 29 protons in the nucleus and 29 electrons.
distributed in 4 rings.

The electrons are

Each orbit is called a RING or SHELL and can contain only a certain number
of electrons. The maximum number of rings any element can have is seven.

The last or outermost ring of any eleltent is known as the VALENCE RING.
Valence is defined as the ability of an ele~nt to combine with another
element to form a molecule. The maximum number of electrons that can ever
be present in the Valence ring is 8.
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atCOl
~-"-~'~~""-~I

Fig 3.
The Val~nce ring is the only ring we will be interested in during the
8tudy of Semiconductors. It is the valence ring that determines how an
atom may join with other atoms to form molecules. From this point on. the
only electrons discussed will be valence electrons.

J

Fl,4.

Fiaure 4 indicate. how atoms will be repre.ented in drawing.. Only the
valence electr0D8 will be indicated. It .hould be understood that the
inner electr0D8 are present but not .hoWD. .
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CHARGES AND IONS:

Becauae the protons and electrons in an atom are equal in number, the atomi. 
electrically balanced. In other words when the number of electrons

equals the number of proton. the charlet cancel each other and the atom
baa no electrical char,e. It i. po..ib.le to transfer valence electrons
from one atom to another under .pecific conditions. If an electron is
removed f'rom an atom the electrical balance no lon,er exist.. The atom
nov has more protons (+) than electrons (-) and is nov positively
charged. If an atom accept. an extra electron it viII have more electrons
(-) than proton. (+) and be neaativel" cbarled. When ato.a are electri-
cally unbal&DCed tbey are called IONS. They will be either Delative ion.
or po.itive iooa. Fiaure5 .how. a Dor..l and an ioDized .ilicon atom.

1. ElE'-o-.-~ 15 ELECTRONS 13 ELEcntONS
1. ~TONS 1. PAOT~ 14 PROTONS

M>AMAl
SILICON
ATOM

,
IONIZED
SILICON
ATC*

tEUTR A l
CHARGE

NEGA"IVE
CHARG,E

POSmVE
CHARGE

Fi15.

INSULATOR!; t S!MICONDUCTORS AND CONDUCTORS

All matter may be classified as a conductor, semiconductor, or insulator
depending on the characteristic of its valence ring-

A _terial that permits electric current to flow through it i. called a
CONDUCTOR.. The be.t conductor. have l,electron in the valence rins.

A lOod INSULATOR will not allow an electron current to flow.
u.ually have 8 valence electron..

Inaulatora

A S~ICONDUCTOR i. neither a lood in.~Llator or conductor. Typical .emi-
conductor ..terials are GERMANIUM and SILICON. Both have valence .hell.
cootainiUl 4 electrona. .
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SEMICONDUCTOR COVALENT BONDING:

In its natural .tate a silicon atom has 4 electrons in its valence shell.
A. ahovn earlier, it. valence .hell ia the third shell. Remember, the
..ximum number of electron. any atom can have in its valence shell is 8.
If the third ahell contains 8 electrons it i. .aid to be atable and will
not readily combine with another atom. Since there i. a ahortale of elec-
trons in the valence ahell of ailicon it is unstable and will readily com-
bine with another atom and ahare valence electrons. If many silicon atoms
are broulht together under favorable conditions, a sharing of valence
electron. take. place among the atoms as shown in figure 6. Note the cen-
ter atom .hares its 4 valence atoms with 4 adjacent atoms. In turn these
4 ato.. .hare their valence electron. with other atou. nte reault is
that all the ailicon ato.. for8 what ia known aa COVALENT BONDS.

A

-~0fC AT~ ..
~YALENt ~
8tA~ YALEJCE
I.LfC~

.
~~D w:w M
~ COVALENT
~

Fi.6.

CRYSTALS

The joining of the silicon atoms by covalent bonding forms a crystal of
pure .ilicon. A crystal is a aaterial in vhich the atoms are arranged in
a definite pattern that ia repeated regularly in three dimenaions. We
have cSi.cua.ed the covalent bonding of ailicon atoms to fora a ailicon
cry.tal. Germanium atoma vill alao fora covalent bonds to produce a ,er-
88DiU8 cryatal in the aame aanner. A crystal in it. pure fora i. known a.
an INTRINSIC _terial.

Id.al17 the cryatal ia lOO~ pure and di.play. no electrical charle. A
,cryatal in ita pure, .tate has very limited U8e in electronic.. The cry.-
tal 8U8t be 8Odified to function properly a. a uaeful .emiconductor.

6

~



SFJ4 I CONDUCTOR DIODES FILE NO: ETOIAL-BOl

DOPED CRYSTALS

Aa .entioned, a pure ailicon or ler88Diua crystal is uaelea. f9r .emicon-
.ductor application. To _ke the cry.talline .terial uaeful ,for .emicon-
ductor application ve vill add VERY SMALL amounta, (1 part in 10 million)
of other element. to the intrin.ic cryatalline _terial. When these ele-

.nt. are added, the intrinaic _terial i. no lonler pure. Because the
addition of the.e elementa reduce. the purity of the ..terial to vhich
they are added they are known a. IMPURITIES. The addition of impurities
to the intrinsic material ia known aa DOPING. The nWDber of impuritiea
that are added determine. the DOPING LEVEL. The more impurities that are
added to the inatrinaic -tter the beavier it ia doped. A material that
ia heavily doped will have 8Ore i8puritjAa than a ..terial that ia lilhtly
doped. Filure 7 indicatea .~ of the el88enta that ..y be uaed a. i8pu-
ritiea.

~.YAI..EMT iI;:::".".-:;;:;:, ~ 1M ~ CAcaP r ~ ~
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Fi17.

N-TYPE MATERIALS

The first category of impurities. FiJUre 7A. has 5 electrons in the va-
lence shell. Since they have 5 valence electrons they are known as PENTI-
VALENT ..teriala. ~en an impurity atom of tbi. type i. added to an in-
trenaic ..terial (Silicon) only 4 of its valence electron. are uaed to
fOr8 a covalent bond lockinl,tbe i8purity atoe into the cry.talline atruc-
ture. The fifth electron ..;ill Dot enter into the covaleDt bond becauae
the ailicon atoms now each have eilbt valence electrons and are now ata-
ble. The fifth electron will detach itaelf from its origioal atom and be
free to vander throughout the cryatal ..terial. The impurity atom is Dot
free but i. locked into the cryatal ..terial. Since Pentavalent ato..
provide or donate a free electron to t'be uterial they are called DONOR
i8puritiea. IDtrinaic ..terial that ba. been doped with a donor i8purity
has an excea. of electron. in the cryatal and i.- known a. Delative or "N"
type ..terial. Figure 8 ia a simplified diagram of N type aemiconductor..terial.
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P-TYPE MATERIALS:

The materials listed in f{gure 7B have valence shells that contain only 3
electrons and are known .a TRIVALENT elements. When mixed with intrinsic
materials, they also form covalent bonds with the silicon atoms but having
only 3 valence electrons, there is an absence of 1 electron to complete
the covalent bond. Tt,i. apace is the absence of the eighth electron need-
ed to complete the cov~lent bond. Thia space caused by a missing electron
ia called a HOLE. Holes, being the absence of negatively charged elec-
trons will display a positive (+) charge. Holes will readily accept elec-
trons if they are ~~de available. An intrinsic material that has had a
TRIVALENT IMPURITY added to it will' be known as an ACCEPTOR material. A
material that has been doped with acceptor impurities has an excess of
Boles (+) and is known as positive or "P" material. As in N _terial, the
total nWDber of electrons and protons are still equal ao the P material
atill has a neutral charge. Current flow in P material vill be the result
of Bole movement. Filure 9 ia .ai.plified diaaraa of P type
aemiconductor material. PIU\~
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CURRENT FLOW IN SEMICONDUCTOR MATERIAL

Ficure 10 illustrates bow current will flow in an N type aemiconductor..terial. 
Elect'rons will leave the left aide of the batte~ and eventual-

ly reach the left aide of the block of the N ..terial and. beinc free
electrons. drift to tbe risht. attracted by the positive polarity of the
battery. Every ti- one electron enters on the left one leaves on the
risht. retuminl to the positive side of the battery. Conduction in N
material is similar to conduction in a piece of wire.

Fig lO~

Figure 11 illustrates how current will flow in P type semiconductor mate-rial.

An electron will again leave the negative terminal of the battery and
eventually reach the left aide of the block of P material. Remember,
holes support current flow in P material. Upon entering the P material
the negative (-) electron will be attracted to a positive hole. At this
time the electron will fill the bole (opposite polarities attract). This
process is called RECOMBINATION. At the instant recombination occurs on
the left side of the block an el~ctron i. forced out of the valence .hell
of an atom on tbe right .ide of tbe block creating a bole. Thia electron
tben leavea the semiconductor material and enters tbe wire where it re-
turns to the battery. Since boles are majority current carriers in P ma-
terial tbe bole just created will be attracte~ to the negative terminal of
tbe battery and move through tbe P material to tbe left .ide of the

block. Bole 8Ovement in tbe P material takes place as electrona move from
atoa to ato. recombining witb bolea and again breaking tbi. bond to move
to anotber bole. Electron flow and bole flow is in tbe opposite direc-
tion. It ia important to understand that for a hole to move an electron
81St al.o 8)ve in tbe opposite direction. A&ain it must be emphasized
that every time an electron enters the material, one leaves the other side.

9
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MAJORITY AND MINORITY CURRENT CARRIERS.

When intrin.ic silicon or lermanium is prepar~d, during the manufacturing
proce.s, the aim is to make it 1001 pure. niB goal, at present, is un-
acbieveable .0 tbere will always be some impuriti~s left in the intrinsic..terial. 

It bas already been noted that electrons 8upport current in N
..terial and holes support current in P material. These electrons and
boles are the MAJORITY current carriers in their respective materials.
The i~purities that can not be removed during the initial manufacture of
the intrinsi~ material will also support current. Any boles that might be
present in the N material and electrons that might be present in the P
..terial will also 8upport current in the opposite direction of majority
current. Theae current carriers are referred to as MINORITY current car-
riers and tbe current is MINORITY CURRENT. Minority current is very small
in reapect to majority current. Minority current ia ao small that it is

normally ignored.

Minority carriers are al.o lenerated vhen aemiconductor ..terial i. aub-
jected to beat. Current flow through the ..terial a. veIl a. _bient tem-
perature (roo. temperature) are two .ources of heat that can be re.ponsi-
ble for the leneration of .inority carrier.. Beat ia a form of enerlY and
when applied to an atom it can add enouah enerlY to force a valence elec-
tron t,o leave ita orbit and drift tbrouah the .emiconductor material al a
free electron. When the electron leavea ita orbit. it leaves behind a
bole which i. bound"to the atom. Thil process il known al ELECTRON-BOLE
rAIa GENERATION. It ..te. no differenc~ vhether the electronl.in P ..te-
rial or bolel in II material are the relult of the ..nufacturinl procesl or
beat. they are atill .inority current carrierl and their prelence viII be
re.ponaible for MINORITY CURRENT. See Ficure 12.
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N.~*~
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p. TYPE MATERW..

-

Fi.12.
PN JUNCTIONS

Up to this point all we have really done is discussed the formation of N
and P materials and illustrated how current will flow throuah them. In
order to utilize the semiconductor material to ita fulleat advantage we
must create a junction between the two.

JUNCTION FORMATION:

We will now look at the action that takes place when P and N material are
first brought together and form a junction. Refer to figure 13.

We will first look at what ~ppens to two atoms, one in the P material and
one in the N material, that are very close tcgether when the junction is
formed. Keep in mind we are observing only two atoms but the action de-
8cribed will occur along the entire length of the junction. Refer to fig-
ure 14.

N p

IXJIB)W'n-I
~

a:JIB)WTH
NE'C

Fi,l].
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N p

/'"
romATCJA

Fig 14.

A loosely bound electron (-) in the valence shell of the donor ato. comes
under the influence of the hole (+) in the valence shell of the acceptor
atom in the P material. Since the electron i. not tightly bound to the
donor atom, it vill leave the N material, and cross the junction, attract-
ed by the hole and recombine with the hole. See figure 15.

N p

-

8.,E(.;-.t"O.J5
AJ TRACTED
lDFR.5EQ)

Fl,15.

The electron. leaving the donor atom in the N uterial viii caU8e the atom
to bec~ a POSITIVE ION. The atom baa IDOW lost :ta current" carrier.
When tbia electron recombines vitb the bole in the P uterial. the added
electron caU8es the acceptor atom to become a NEGATIVE ION. Since the
bole no lOOler exists the acceptor ato. no lanler bas a current carrier.
See figure 16.
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N p
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Fig 16

This process occurs for a short time along with the entire length of the
junction, and an area of positive and negative ions is now present on each
side of the junction. See figure 17.

N P
/.:j:\ a \:!:J \:1 (£) e @ 8 ~ ~ .:. ~~~~

Fi117.

Tbia action will not continue indefinitely becauae aa .ore electrona at-
teapt to leave the N _terial they vill be repel:Led by the negative ions
in the r ..terial. .See f icure 18. .
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Fig 18.

A8 previously .tated the recombination of h.ol.!s and electrons at the junc-
tion baa formed ions and eliminated current carriers at the junction.
Since the area on either aide pf the junction has been depleted of currentcarrier. 

it i. called the DEPLETION REGION. S.!e figure 19.

N p

::=:~

Kf)------------

+
+
+
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+
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+

-r
DEPLETIONREGaf

Fl,19.

ODce the Depletion le,ion i8 fOr8ed. any additional electrons that try to
~ acrO88 the junction vill be repelled by tItle nelative ions now present
tD the' _terial.
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Due to the cherie on the ions on either .ide of the junction, a difference
in potential exists across the depletion re,ion. Thi. difference in po-
tential can be repreaented by a small battery ...hown in filure 20. The
difference in potential will be called the Junction Barrier ~otential. In
order to ..ke current carriers crosa the depletion re.ion" the Junction
Barrier Potential .u.t be OVercO8e by aD exterior volta&e 8ource.

~.k"1o. M~

...1...
-,-

--+,-
---+- + 1-

-=-+1+1----+ 1-+1----+ , -
--++'-1

-l-l- .
'"-I t-,

UTT£~Y ~~ ~
.-.cTDIURMRPOftImAl

N p

EI."~~ . tQ.I:.~

Fig 20.

Due to the fact that Silicon and German,ium have different numbers or or-
bital .hells, their valance electrons will take different amounts of.ener-
IY to break them free. The result of this is that if the basic (intrin-
sic) material was Germanium the difference in potential is approximately
lOOmV. If the intrinsic material is Silicon the junction barrier poten-
tial is 600mV. YOU SHOULD COMMIT THESE FIGURES TO MEMORY AS THEY WILL BE
REFERRED TO MANY TIMES IN THE FUTURE.

BIASING

What happens to the depletion region vhen different potentials are applied
to the P and N material viiI nov be discussed. Figure 21 illustrates a PN
Junction that now has tvo leads, (known a. elements), and attached to the
P and N material. The leads viII allow the device, (PN JUNCTION) to be
connected to the battery.

lIAS i. defined as the difference in ]~tential between two liven points orelementt. 
IIASING is the method used to provide the difference in poten-

tial. liating can be accomplished by using batteries or voltage divid-er.. 
We will explain biasing using batteries nowanc! cover biasing using

vol tale dividers later. .
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Fig 21.

Refer to figure 22. Observe that the P material is connected to the posi-
tive terminal of the battery. Also notice. the N material is connected to
the negative terminal of the battery. When the PN JUNCTION is connected
to an external 8ource of this manner. it i. .aid to be FORWARD BIASED.

Fi122.

Refer to fisute 23. The negative terminal vill repel the free electrons
in the N ..terial. moving them toward the j~ction. Some of. these elec-
trons will enter orbits around the positive ions and they vill no longer
be positive ions. In addition to the negative terminal repelling the
electrons in the N ..terial. the positive te~inal vill. at the same time,

16
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be attracting them. In the P material, the ..jority current carriers are
bole. and. bein, positive. tbey are repelled by the positive battery ter-
.iRal aDd attracted by tbe nelative te~inal.

FiB 23.

The electrons in the N material, moving toward the junction, now neutral-
ize many of the positive ions that appeared to form the positive terminal
of the junction barrier potential battery (figure 20). Boles in the P
material, being repelled by the positive potential of the biasing battery,
move toward the junction where they neutralize many of the negative ions
which appeared to form -the negative terminal of the junction barrier po-
tential battery on the P side of the j,unction. The result is that the
depletion region is now made smaller (more narrow). If the potential of
the biasing battery is increased the depletion region will continue tonarrow. 

If the bias battery is increased to the point that it is the same
.ize as the junction barrier potential, current will then start to flow
through the junction. Without "the biasing battery no current could flow
through the junction. When the biasing battery was connected to the de-
vice, the depletion region became more narrow. Increasing the .ize of the
battery resulted in the depletion region narrowing further until the point
at which current began to flow. It can be aaid that the increasing the
forward bia. cauaed the RESISTANCE of the junction to decrea.e.

ELECTRON FLOW IN THE CIRCUIT.

Refer to filure 24. An electron leaves the negative ter8inal of the bat-
tery. travels down the conductor and eventually enter. t~e H ..terial.
Here it become. a majority current carrier. (free electr~, and drifts
toward the junction. With the PH junction forward bia.ed. the depletion
rei ion becomes very narrow. When the electron reaches the narrowed deple-
tion region. very little resistance i. offered to it at the junction and
it passes through. Once in the P material. it immediately recombines with
a hole. In the P _terial. th~ electron continues to 8k)Ve toward the

17
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po.itive batter1 potential b1 8Jving froB' v.lence .hell to valence .hell
or fro. bole to bole. Once tbe electJr'on reaches the positive lead. it
leave. the , ..terial and enters the conductor where it returns to thebattery. 

When the 'N Junction i. forward bia.ed. there i. a continuous
.tream of electron. leavina the battery. enterina the N aaterial. recom-
binina at the junction. and leavioa the' aaterial. Every time an elec-
tron enter. the N ..terial one recombines at the junc~ion eli.inatins abole. 

The instant that bole i. eliminated at the junction, an electron
leave. the valence .hell of an atom near the positive lead creating a new
bole and leaves the P ..terial to return to the battery. The new hole
ju.t created vill drift tovard the junction where it vi!l eventually re-
cO8bine vith an electron cro8sina the junction. Tbua you .ee this is an
onaoina proce...

Fig 24.

It can be aeen that if an electron leaves the P 8aterial at the same time
that one enter. the N material current must be floving through the device.

roR. CU8.1lENT TO FLOW THROUGH A PN JUNCTION IT MUST BE FORWARD BIASED.

When a PH junction i. forward biased aeveral conditions exiat:

DEPLETION REGION NAR.ROWS

1.

RESISTANCE OF THE DEPLETION REGION DECREASES2.
CURRENT FLOWS THROUGH THE DEVICE.

3.

aefer to fi,ure 2). The PH Junction consiats of doped Silicon aemiconduc':
tor ..terial. A8 8entioned earlier, the junction barrier potential otI
Silicon ia 60OmV. Notice that the battery ia a IOOmV battery." Also no'-='
tice that the positive terminal is attached to the P material and the neg-
ative terminal is ,attached to the N ..terial. Observe, the junction is
forward bia.ed. but it does Dot have enoush forward bias to overcome the

18
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junction barrier potential. At thi. time the depletion region is wide.
and the resistance of the junction is very high. Very little current will
flow across the junc"tion due to the bilh resistance. The Iraph at the
rilbt of the junction .bowl the relation.hip between the forward bias in
_V. and current flow tbrouah the junction. ..a.ured in 8A.

25

Figures 26 thru 30 indicates what happens as forward bias i. increased.

26.
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Fia27.

Fig 28.
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Fig 29

Fig 30

Observe that as forward bias is increased, between OVand soOmv, the deple-
tion relion starts to narrow. As the depletion region narrows, the re-
.istance of the junction starts to decrease and current increases. When
the forward bias increases to app1~oximately 60OmV the junction barrier
potential is overcome. The depletion region is very narrow at this
point. Resistance of the junction is now very low and current easily
flows through the junction. .

21
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fORwARD alAS ~ MlllV~ 1S

Fig 31.

Once the junction barrier potential has been overcome very, small changes
in forward bias will result in very large changes in CUrrf!:lt through the
junction. See figure 31. Notice that a change of only lOOmV of bias re-
8ult. in a change in current of lamA.

Review the conditions required to allow current to flow through a PN junc-
tion.

1.

Positive polarity applied to the P material

2. Negative polarity applied to the N material

3.

Enouah potential applied to overcome the junction barrier poten-
tial.

It 8hould be understood by now that FORWARD BIAS relates to both POLARITY
AND POTENTIAL.

Nor8811y. 

when di.cu..ina 8 PN junction. if it i. said that the PN Junc-
tiOD i. FORWARD BIASED it i. thouaht of 85 CONDUCTING.

UVDSE lIAS.

aefer to filUre 32. Obaerve that the negative terminal ia connected to
the P ..terial. ~e poaitive terminal of the battery is connected to the...t.rial. 

.
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Fi,32

The positive terminal of the battery, connected to the N material attracta
the free electrons and draws them away from the junction. The negative
terminal of the battery connected to the P material attracta the holes anddraw. 

them away from the junction. The reault ia that there are no cur-
rent car!'iers left in the vicinity of the junction. Thia haa the effect
of widening the depletion region. THE GREATER THE REVERSE BIAS THE WIDER
THE DEPLETION REGION BECOMES. This action effectively reinforces the
junction barrier potential and prevents any majority carriers from flowing
across the junction. The Resistance of a REVERSE BIASED junction is veryhigh.

The effects of reverse bias will now be examined. Refer to figures 33
thru 37. It should be noted that increasing the reverse bia. incre'ases
the width of the Depletion Region. Note that reverse bias potential is
indicated in volts and reverse bias cu.rrent in aicro Amps. Any current
that is indicated is due to ainority carriers and will be extr~mely low.
It will be called reverse current since it is the result of rever.e bias.
Because there are .0 few minority current carrier.. the rever.e current
viII remain fairly COn8tant over the ..jority of the .raph.

23
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Fig 33.

ril 34.
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MVERSE 8IAS ..~ TS

FiC37

Notice that the reverse current remained almost constant until the reverse
bias increased to around 75V. At this point, -it can be observed that
reverse current increases areatly. This increase in current is due to a
condition called AVALANCHE. A8 the Reverse lias is increased the ainority
carriers are forced throuah the junction 8.t hiah velocities. Remember
that .inority carriers in P material are electrons. These electrons
.trike valence electrons of atoms in the area of the junction breakina
their bonds and drivina these electrons into other valence electrons, in
turn drivina them from orbit. If this is allowed to continue an enormous
increase in current is experienced and vill eventually destroy the junc-tion.

Avalanche or Reverse Current occurs only '~hen the MAXIMUM REVERSE VOLTAGEi. 
exceeded.

JUNCTION DIODES

The device that we have been di8cU88inl up to thi. point i. called 8 JUNC-
TION DIODE. The word DIODE i. a contraction of two words; Two and Elec-
trode. ~ere di .tands for two. From tbi8 point on a PH Junction viii be
referred to a. a JUNCTION DIODE or juat plain DIODE.

DIODE Sy.,aoLS

The ache_tic 8,J8bol' for a Diode i8 ahovn in filure 38. nte direction of
current flow throuah the PN junction ia indicated b,. tbe~ arrow. It will
alway. be fro. the ne.ative to the poaitive ..terial or froa N to P. "--
jorit,. current will alwa,.. flow AGAINST THE ~kROW.

26
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CA~ I~ ANODE

CR.1

FiB 38.

Diodes are designated CR followed by a number. The arrowhead represents
the lead or element called the ANODE. The bar represents the element
called the CATHODE. Current will always flow from the cathode to the an-
ode. It baa been .tated that current will only flow through a forward
bia.ed diode. .0. for current to flow. the cathode muat be negative and
the anode poaitive. When these conditions are reversed. cathode positive
(+) and anode negative (-). the diode is. rever.e biased and current will
not flow. Because a diode displays these ch.racteristics. a diode is .aid
to be a Unidirectional Device. This means that current will flow in only
one direction through the diode.

DIODE IDENTIFICATION

Diodes coee in many different physical .hapes and .izes from the size of a
pinhead to very large. Because there are ao many different types of di-
odes. a 8eana of identification ia needed to di.tinguiah one from anoth-
er. Thia ia accompliahed with the Semiconductor Identification Syatem
.bown in figure 39. Thia .,atem i. uaed not only for diode. but al.o for
tran.i.tors. As illuatrated in figure 39. the .ystem uaea number. and
lettera to identif, different type. of .eaiconductor device.. The fir.t
nU8ber in the .,ate. indicates the nuaber of junction. in the a..iconduc-
tor device. Thu. 1 deaianate. a diode; 2 deaipate. a tran.i.tor. The
letter "If" followinl the fir.t number indicate. it i. a ae.iconductor.
The 2 or 3 dicit number followina the letter "N" ia a aerialized identifi-
cation D.-er.

27
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FiB 39

When working with different types of diodes, it is necessary to distin-
Buist. one end of the diode from the other, (anode from cathode). For this
reason, manufacturers Benerally code the cathode end of the diode with a
"K", "cath", "color dot or band", "schematic aymbol of a diode", or by an
unuaual .hape (raised edge or taper) as .hoWD in figure 40. In some
cases, .tandard color code bands are placed on the cathode end of the di-ode. 

This .erves two purposes: it identifiea the cathode end of the di-
ode, and-it .erves to identify the diode by number.

..
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--<::::6=-
--~::::S=
--(:~=-~~= -
--C)-
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e-

CA~.~S

ria 40.
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The .tandard diode color code system is shown in figure 41. Take for ex-
ample, a diode with brown, orange, and white bands at one terminal and
figure out its identification number. With brown being a 1. orange a 3,
and white a 9. then the device would be identified as a type 139 semicon-
ductor diode. or 8pecifically, a lN139.

G) Q)---
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~~'i'~ \:J 8.AQ-
~-
~
_IN
kW
~
MAy
~---..-

.,.
I...,..

...
c..,..
"

-~
'-'C .(!)
~

~-~~~
-0

Fig 41

Keep in mind, whether the diode is ~t small cr)"stal type or large power
type, both are still represented schematically by the schematic symbol
shown in figure 42.

FiB 42.
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DIODE TESTING

Diodea are ru&led aDd efficient and are expected to be relatively troublefree. 
In theory. a d~ode 8hould last indefinitely. However. if diodes

are aubjected to 8xceaaive current.. their junctions ..y be destroyed.
Exce8sively hiah operatinl voltales can alao damage junctiona. Heat can
increaae the number of current carriera in a ae.iconductor which leads to
increaaed current reaultinl in junction failure.

If a diode ia auspected of beina defecti"e, it can be checked in variousvay.. 
The ~.t convenient and quickest ~ray of teatina a "diode il with anobameter. 

See filure 43.

Fig 43.

Connect .the negative lead of the ohmmeter to the cathode lead of the diode
and the positive lead of the .eter to the anode. The resistance in~icated
on the ohmmeter .hould be very love With the leads connected in this man-
ner the junction is forward bia.ed and the junction offer. very littler..i.tance. 

See figure 44.
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Fig 44.

Reverse the leadsi negative lead to the anode and positive lead to the
cathode. The battery in the ohmmeter now has the junction reverse biased
and it baa a hiah re.istance. See figure 45.

Fig. 45

A normal aet of reading& viII ahowa biBb re&i&tance vben the junction is
reverae bia&ed and a low re&istance when tbe diode ia forward biased..
It i. de.irable to have a. Ireat a ratio (often known as the front to back
ratio) a. pos.ible between the reverse and forward biased ..asurements. A
a_ll .ipal diode will have a ratio of .everal hundred to one, while a
power diode may be as low as 10:1.
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If both .aaurealents indicate HIGH RESISTANCE the diode is OPEN.
8easurements indicate LOW values of resistance the diode is SHORTED.

If both

Due to the internal virinl of 8ome 8Ultimeters, the voltale aupplied by
the 8eter in the ohms function viII be placed on the CODDOn lead. It
ahould be knovn vhich test lead has the voltage applied to it, but it is
not essential. If the readinas listed above are 180 delrees out of phase
from vhat is stated, then the multi~ter I~s the voltage on the CODman
lead and the diode is still good.

DIODE CHARACTERISTIC CURVE

Refer back to figures 31 and 37. If the two graphs are joined together
they will form a graph as shown in figure 46. This is called a DIODE
CHARACTERISTIC CURVE. All diodes of the ..!me type will have curves that
are nearly identical.

Fig 46.

A diode of a different type will have a curve similar in 8hape but dis-
playing different values. See figure 47.
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Fig 47.

DIODE RATINGS
Different types of diodes display different characteristics. This is due
to a number of differences during the manufacturing process. such as dif-
ferent basic materials. different types of doping materials. differe"t
doping levels. etc. Each different typ"e of diode has certain conditionb
or ratin~s that should be met. A few of these conditions are:

1 .

2.3.

4.
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circuit (b) the diode ia forward biased. Since the resistance of a for-
ward bia.ed diode ia very lov the voltage dropped by the diode vill be
very lOw. A 8eter placed across the conductina diode vill indicate lOOmV
to 300aV if the diode is aermanium and 600mV to 90OmV if the diode is ail-
icon. Circuit (c) ia reverae bia.ed. No current vill flov in the cir-
cuit. and a 8eter placed betveen the test point and around vould indicate
OV because no current is flovina throuah the reaiator to develop a voltage
drop. Circuit (d) ia forward bia.ed. Aa already .tated, a forward biased
diode drops a lov voltage. The voltaae dropped by the resistor vill be
clo.e to the applied voltage (9.7V to9.9V if the diode is Ge~nium and
9.4V to 9.2V if the diode ia Silicon).

.10 VDC .10 VOC.10 VOC.10 VDC

CCJ --< TP1 CDI.
(8)CAI

Fig 48.

USES OF SEMICONDUCTOR DIODE

RECTIFIERS

One function of a diode is to rectify. Rectification is the act of remov-
ins one alternation of an AC sinewave. AC is alternating current which
8eans it flows in one direction, stops, then flows in the opposite direc-
tion. Since a diode i, a device that will allow current to flow in only
one direction it can readily be uaed for rectification. In the followingcircuit. 

we will di8CU5S how the diode function. ..a rectifier.

Before di8cua8ins the operation of the rectifier, notice the sinevave in
fipre 49.
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TI T3 15
Te 12 14

T7
16 18

0 90 ~ 27~ 360
~5 i35 225 315

Fi,49,

It has been divided into 4S degree sections with each section being la-
beled with a time reference. 0 degree c TOi 45 degree = TI and so on.
During the discussion the different time references will be referred to in
order to emphaaize volta,es at that particular time.

~~

...w
, i ~

._-~- 8 J8..

TP3TPI TP2

Ftc 50.

At TO the voltage present at TPl i. OV. At this time no current flows in
the primary, no _petic field i. built up 80 no voltage 'i. induced into
the 8econdary. As a re.ult, TP2 reads OV at this time. With Ov felt on
the anode of CRI and OV felt on the cathode, CRI bas DO bia. applied.
CRI'. depletion recion is wide and its resistance is high. With no dif-
ference in potential between the cathode and anode, DO current flows.
There is no voltage felt at TP3.
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Fig 51.

At Tl, fiaure 51, the line voltage at TPl has increased from OV to l15v.
Current is now flowing in the primary inducing a voltage into the second-ary. 

The transformer is wound 50 that it is a step-down transformer and
also develops a 180 degree phase shift at TP2. At Tl the voltage present
at TP2 is -28v. This negative voltaae on the cathode forward biases the
diode and causes the depletion region to dE!crease. The resistance of the
diode decreases. and current is flowing as shown in figure 51. With cur-
rent flowing through RL, (load resistor), a voltage is developed across
it. The sianal at TP 3 displays this voltage drop. The negative voltage
present at TP3 will be slightly less than that at TP2 due to the voltage
dropped by the low resistance of CRl (60OmV if ailicon).

ria 52.
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At T2, fisure 52. line voltage is maximum (l62v). The voltage induced at
TP2 11 now -.Ov. This further increases the forward bias applied to CRl
which narrows the depletion region further and allows current to in-
crease. The increase in current flow through RL results in it dropping
more voltase and developins the lisna,l at TP3. With -.Ov present at TP2
and Cal droppins 60OmV the rest of the volta&e must be dropped across RL.

liS 53.

At T3. fi&ure S3. line voltage has dec:reased to 11~5v at TPI. The voltage
at TP2 is now reduced to -28v. Thil: is felt as a decrease in forward bias
by CRI. The depletion re&ion widenj; I.nd current decreases. The decrease
in current throu&h RL reduces the voltage drop al~ross it. The voltage
felt at TP3 is now 27..V. Don't forget the 60OmV drop of CRI.

...w

~

!'iS54
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At T4. filure 54. the line voltage has returned to OVa TP2 is now OVa
The depletion relion he. returned to it. nor8e1 width. Re5istanc~ of the
diode bas lone back up. and current flow in the circuit bas ceased. With
no current flow throuch RL. no volt-leii. dropped and OV i. felt at TP3.

.
.e ~.

FiS55.

By comparinl TP2 and TP3. it can be said that because CRt was forward bi-
ased the nelative alternation felt at TP3 was pass~d through the forward
biased diode.

.
At T5. figure 55. line voltage is now -ll5v. TP2 wiJ.l now be +28V. The
anode is now positive with respect to the cathode. This is felt as re-
verse bias by CRI and the depletion region widens further. Current will
attempt to flow in the opposite direction but; cannot due to the high re-
.i.tance of the reverse biased diode. Refer to figure 45 and recall that
a very small current will flow from cathode to anode, 'when the diode is
reverse biased. due to minority current carriers. This is an extremely
low current and is usually ignored but doel; actually exist. This leakage
current will develop a very .~ll voltage drop across RL. and it too is
\&8\18111 icnored.
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Fig 56.

At T6, figure 56, line voltage is at its maximum negative voltage
(-165V). TP2 is now 40V and CRI has the maximum reverae bias applied at
this tiD'le. The resiatance of CRl is ~:imum and there ia still no current
flow through the CUf~ent.

.--w

lHil4ll-
8 J'"..

w

iJJ_l_U~J-8 J8..

Fig 57.

At T7, ficure 57, the line voltage bas decreased to -ll5v.
creased to 28V and TP3 is still almost OV. .

TP2 haa de-
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Fig 58.

At T8t figure 58, one complete cycle has been completed and all voltages
and currents are back to O.

TP3
OUTPUT

TPI
INPUT

-,:7---\7 PULSATING

DC

Fia59.

By comparinK the input (TP1) to the output (TP3) ve can .ee that the posi-
tive alternation has been eliminated. If the diode vas turned around and
the .&me input applied, the diode would conduct during the positive half
cycle and produce a positive output. The output" .lgnals .hown above are
called PULSAT[HG DC. When looking at Pul.ating DC, voltage and current
never chanle polarity or direction, they juat increase and decrease in

inten.ity.
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Fig 60

DIODE LIMITERS

POSITIVE LIMITER

Limiters are devices that limit the amplitude of an AC vaveform. Figure
60 is a POSITIVE LIMITER. As the name implies, it viII limit the positive
alternation of the applied; waveform. RI and R2 form a voltage divider
network that will reduce the amplitude of a sinewave present at the input
of the circuit. Current will flow from ground, which is negative in re-
spect to the positive input voltage, up through Rl-and R2. This develops
a positive going signal at TPl. The ~iode is silicon which means 600mV is
required to overcome the junction barrier potential. As the input starts
to go positive, a positive potential is now applied to the anode of tal.
Assume the positive going signal at TPI reaches 300mV. This positive po-
tential is forward bias but is not enough to overcome the junction barrier
potential of the diode. As the input signal continues to increase the
signal at TPI reaches 60OmV. At this time the junction barrier potential
of the diode is overcome and the diode now begins the conduct. Once the
junction barrier is overcome, resiatance of the diode is extremely lov and
current nov flovs through the diode.
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~
TTP2

~R2
r~~_- (

CRI~R~

,.

Fia61.

As the input reaches its maximum positive (IV) it continues to apply for-
ward bias to CRI. Due to ita low resistance. CRI continues to drop
600mV. For the entire time CRI is forward biased it will drop 60OmV. As
the input .tarts to decrease it will eventually return to 600mV. Once TPI
drops below 60OmV. CRI ceases to conduct and current alain flows through
R1. As the input continues to decrease. TPI will now decrease. returning
to OV. --"

8;;;\

-'--~\7-.-
TTP2

A8 the nesative alternation i. applied to the circuit, current flows
through R2 and 11 a. .hovn in fisure 62. The nesative potential keeps CRl
reverae bi..ed for the entire nesative alternation. This develops the
entire nesative alternation at the output.
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By comparinl the input to the output V~! aee that the IV peak .irnal at the
input haa been :limited to 60o..V at the output. See filure 62.

NEGATIVE LIMITER

A negative limiter is shown in figure 63. Th~ only difference between the
positive and negative limiter is the way CRl is connected in the circuit.
Notice it is connected with the anode to ground. During the time that a
positive potential i. applied to the cathode CRl will be reverse biased
end current will flow through Rl and R2. As t~le positive input alterna-
tion varies, current flow through Rl varies, resulting in Rl developing
the signal at TPl. ...

ITP2

F1164.
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Aa the input continues negative. the signal at TPl vill now reach -600mV.
At this time. CRl becomes forvard biased enough to overcome the junction
barrier potential and current vill flow through the diode. During the
time CRl is conductinl. it drops 600mV and vill continue to do so until
TPl again becomes less than -600mV. At this time. CRt ceases to conduct
and current again flows through Rl.

POSITIVE AND NEGATIVE LIMITERS.

Figure 64 is a 8chematic of a positive and negative limiter. It operates
in the same manner as the two limiters just di8cussed. The output of the
positive and nelative limiter will be a signal that is limited to +600mV
and -60OmV for a total of 1200mV.
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