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Unit One The Basis of Electronic Technology

Passage One Diode and Transistor

1. What is forward bias?
2. What are the electrical properties of junction or diode?

3. What are the arrangements of two-junction transistor?

Text

1. PN Junction (Diode)

When a free electron meets a moving hole in a semiconductor material, the electron oc-
cupies the free space and a positive or negative charge no longer exists, that is, the charge is
neutralized. When a P-type and a N-type crystal are joined to make a single semiconductor,
as shown in Fig. 1-1, current will flow in one direction only. As an example, when a power
source is connected to the semiconductor as shown in Fig. 1-2 | the semiconductor is said to be

forward biased.

anode electron current flow
_ symbol
hol + o+ 4 P-type o + + + o
+ =holes +=holes "¢ junction
— =electrons Junction —=electrons  [__A___K___/ —-—
f N-type _ B '
cathode electron current flow
Fig. 1-1 The basic crystal junction Fig. 1-2 Forward biased connection in

The holes will be repelled toward the junction by the positively charged battery termi-
nal, whereas the electrons are pushed toward the junction by the battery’ s negative terminal.

At the junction, the electrons combine with the holes. Elecirons enter the semiconductor
at the N terminal to replace the electrons that have combined with the holes. Likewise, elec-
trons leave the P terminal by attraction of positive voltage, which creates new holes. This
movement of electrons, from the negative voltage source through the junction and from the pos-
itive terminal of semiconductor to positive voltage source, creates a current flow. Thus current
will flow.in a semiconductor when the semiconductor is forward biased.

When the polarity of the power source is reversed, the semiconductor is said to be re-
verse biased. The holes are moved away from the junction by the negative voltage, whereas

the electrons are drawn the junction by the positive voltage. Thus there is little or no combi-
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ning of electrons and holes at the junction, and no current will flow.

In practical terms, there will always be a few electrons and holes near the junction, allo-
wing a very small current to pass. This small current is known as leakage current and is usu-
ally in the order of a few microamperes ( or possibly picoamperes).

When P-type and N-type regions are formed in same crystal, the semiconductor is known
as a diode or rectifier. The boundary between the two regions is termed a junction. The
P-region terminal is called the anode, whereas the N-region terminal is called the cathode.

Usually, when such semiconductors are used with signals, the semiconductors are called
diodes or signal diodes. When the device is used for conversion of alternating current ( AC) 1o
direct current ( DC) , the semiconductor is called a rectifier.

2. Basic Two-junction or Bipolar Transistor

Like a diode, a transistor can be used to prevent (or limit) the flow of current in one di-
rection. The prime use for a transistor, however, is to control the amount of current in a cir-
cuit. This is done by adding a second junction to the basic diode junction, discussed in the
above section. For this reason, such transistors are called two-junction transistors or bipolar
transistors. The author prefers the former term but recognizes that the latter term is also in
common use.

There are two possible arrangements for the two-junction in transistors; NPN, where a
positive semiconductor material ( holes) is placed between two negative semiconductor materi-
als (electrons), and PNP, where the negative material ( electrons) is placed between two
positive materials (holes).

With either junction arrangement, the basic two-junction transistor will have three ele-
ments. These elements, shown in Fig. 1-3 as an NPN arrangement are the emitter, which
emits electrons;the collector, which collects electrons; and the base, which controls the flow

of electrons by controlling the charge concentration at the two-junction on either side of the

base.

junction junction
P N P N P N
+ + + - + + + - - - + - - -
emitter base collector emitter base collector

Fig. 1-3 NPN and PNP two-junction transistor arrangements

Fig. 14 shows how two-junction transistor operates in its basic circuit. As shown, the
emitter-base junction will pass current easily because the junction is forward biased. The col-
lector-base junction will not pass current ( except for a small leakage current) since the junc-
tion is reverse biased ( The term back is often used in place of reverse bias).

It should be noted that the polarities of bias voltage for an NPN transistor differ from
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those of a PNP transistor; however, the net results are the same. For example, as shown in

emitter

base  collector

N

P

N

L

forward bias

reverse bias

emitter base

collector

P N

p

—L

forward bias

Fig. 14 Basic two-junction transistor bias circuit

reverse bias

Fig. 14, the emitter is negative with respect to the base (NPN) to produce a forward bias. In

Fig. 14, the emitter is positive with respect to base ( PNP) to produce the same forward bias.

Similarly, the collector has a reverse bias for both NPN and PNP, even though the polarities

are revered. Also, it should be noted that for normal operation an NPN has its base biased

positively with respect to its emitter. Conversely, a PNP base is negative with respect to its

emitter.

Words and Expressions

diode [ 'daisud] n.

electron [i'lektran] n.

semiconductor [ 'semikan'dakio] n.

positive [ 'pozativ] a.

negative [ 'negotiv] a.

neutralize [ 'mjuitrolaiz] w.

junction [ 'dzapgkfon ]

n.

terminal [ 'tarminl] n.

combine [ kom'bain ]

polarity [ pou'lariti ]

microampere [ 'maikrou'mpea] n.

V.

n.

rectifier [ 'rektifaio] n.

boundary [ 'baundari ]
anode ['snoud] n.
emitter [ i'mita] n.
leakage current

bipolar transistor

Exercises

I.

1. positive charge

n.

R

HLF

(#] 24

[H] ER, PR
(e ] Ay, BAHER
fiff sp A

wE, LEk, 4

B, itk

(f8) B&, () &&F
R

(] Bk (8]
BUE (B

BR, HRK

(L] PHM%, EMH

K 5

LR

XA A

Match the items listed in the following two columns.
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2. negative charge b. FEm{RE
3. forward bias c. [FEHF
4. reverse bias d. ZHRE
5. combine with e. TAEH
I . Complete the following sentences according to the text.
1. The holes will be repelled toward the junction by the  charged battery terminal.
2. At the junction, the combine with the holes.
3. There are two possible arrangements for the two-junction in transistors; and

4. During normal operation of a two-junction transistor, current will flow between the

emitter and base and between the emitter and collector, but not between and

5. In a PNP transistor, the bias between the emitter and base causes holes to

flow into the base.
BEFL

“REMREE

1. PN 45 (k%)

X FEMES, Y- 1THHETS - TEsiEHABR, BTHETEN, I
B, EMRAMBHESAEEET, UREN, BAgEPHET, E 11 fiR, 44—
ANPERIFM— NEREPERE BRI RN KN, BRRBRAT ARSI,
BN, MR EHEEDE 12 FRiEFEFRS, FREEMRE.

FHE&
P A iR
o B + + +
-=HF PN &5
N #

B A RS

2 TEHL IR IEAR /R P BCORAER PN &5, AR, ERFEARMMERT, A i
@l PN 45,

FE PN Z54b, HMFE5E NG A, £ N, RTHEALRE, RECES5=IHEGH
BT, R, BFEERBENRSI T, BHF PRI TETHIZ I BT ARER
Hrad PN 450952 3 L R K SRR IE S 1) s R IERR (55 3, ™A THR. X, H¥ T
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L LS A
+ + +
+=275X
Y Y PN 4% -+
-=HF A A )
B TR

B1-2 EmiREEs

RIE M W BB, BRHEYFEF R,

LB FER RS EE RN, EREARAME. SANEARENERT, BIF PN 4,
MR, ETEEREENOEMRT, PN SLEs), XX, (CER/DN—EBHRJLTF®R
R THENTE PN ELGEE, GRBRARBRASY,

Ehrt, FEPNEHHE, SHELERMB TSN, AFR/MBERRT. X MR/
SR ARER, —RRXAREILIEE (RETEREEE),

5 PRI N B IR R — A RN B A, X REERY _RERERE.
XA KR B R AR~ PN &, PRIKEMSIRWMARAHEER, W NBHRIEH3IL
i B A BAAR o

BE, YUXHRFFERATHESHEN, ZEFEERI_REREE R, YK
R TS 1 B AT, B RN AR R

2. BEASH G BB A i

BRE -, REERE SRR RE - F R LR . Rii, REENEE
RERERMBREBBEPIRD, EZFURBXAETHE, RENEREAN KE PN &
WEBERMT A —TPNE, EXPNEHARAE L —-BAFELRITIEIT. FEEN
XAEE, XA AR AR O PI S RS SR R . fEE R TR —MARIE, EX
UNCE- K-SR S5

mEE TSR REMEES T NPN B, R N BLSEME (BF)
R E A P B AR B (F70); PNP R, ZEWT P BESEME (%) $iEm
B4 NEEREME (BF),

XHEf —Ff PN @ HFI TR, BEANFLEREESRE =1 E%. B 13 PR NPN
BEEETS, XEBRIHE: KHBTHRHENER; WEBFRESRR; EiF, SEdE
il EAR ML — PN 25 P fr v BE R B T R B

B 14 R TN REEEENHES BB DRMATIER. WE 14 iR, SFR
SHR-EEARY, AAREMRE, TUGBREBBRESHEL. M TFREER-ERL, WX
BERERE (F—TARBHIAME “reverse biased” B H Fl “reverse bias” {LF), FFLA
RS ES (DES R RERSN) .

MZEREDNME, X T4 NPN B R&%E, HREEEMRES PNP 2 &EE KN
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PN %5 PN 5
P \ N P N \ P N
T - - e - -
%4 Hh iR R HHH g Stk

B 1-3 NPN #1 PNP 45 &b k45

AL EH Sl REE R SR
N P N P N P
—| H— W |‘ I I
EFHRE R FRIE ERIRE RHRE

B 14 HA RS B R E B

[, B, RANGEHEMFK, fm, WE 14 R, MxT NPN B2 Kk,
EHBERK, FHEERME. €8 14§, #H3 T PNP REHEE R, RHHREEM,
[FIFF A LA B [RRE, BOEEARYESR B, NPN B4 F1 PNP RS & B R #HE 1
SIERE. R, dpiBrE BB IEH TN T, NPN B 54 X T % 4%
IEFME. KR, PNP BV BERAHX FREHRERRER

Passage Two Kirchhoff’ s Law and Linear Circuit Analysis

1. What is Kirchhoff’ s current law?
2. What is a node?
3. What is Kirchhoff’ s voltage law?

Text

1. Kirchhoff’s Current Law (KCL)

It is a consequence of the work of the German Physicist Gustav Kirchhoff( 1824 ~ 1887)
that enables us to analyze an interconnection of any number of elements ( voltage sources, cur-
rent sources, and resistors) , as well as other electronic devices. We will refer to any such in-
terconnection as a circuit or a network.

For a given circuit, a connection of two or more elements shall be called a node. We
now present the first of Kerchief’ s two laws, his current law (KCL) , which is essentially the
law of conservation of electric charge:

At any node of a circuit, at every instant of time, the sum of the currents into the node is
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equal to the sum of the currents out of the node.

2 Ly = 2 Vou

An alternative, but equivalent, form of KCL can be obtained by considering currents di-
rected into a node to be positive in sense and currents directed out of a node to be negative in
sense. Under this circumstance, the alternative form of KCL can Be stated as follows ;

At any node of a circuit, the currents algebraically sum to zero.

Yi=0

2. Kirchhoff’ s Voltage Law (KVL)

We now present the second of Kirchhoff’ s laws, the voltage law. To do this, we must in-
troduce the concept of a “loop” . Starting at any node n in a circuit, we form a loop by trav-
ersing through elements and returning to the starting node n, and never encountering any
other node more than once. Kirchhoff’ s voltage law (KVL) is:

In traversing any loop in any circuit, at every instant of time, the sum of the voltages hav-

ing one polarity equals the sum of the voltages having the opposite polarity.

u.= Xu

An alternative statement of KVL can be obtained by considering voltages across elements
that are traversed from plus to minus to be positive in sense and voltages across elements that
are traversed from minus to plus to be negative in sense (or vice versa). Under this circum-
stance, KVL has the following alternative form:

Around any loop in a circuit, the voltages algebraically sum to zero.

2 u=0

3. Sinusoidal Circuits

Step and impulse functions are useful in determining the responses of circuits when they
are first turned on or when sudden or irregular changes occur in the input. This is called
transient analysis. However, to see how a circuit responds to a regular or repetitive input—
the steady-state analysis-function that is by far the most useful is the sinusoid.

The sinusoid is an extremely important and ubiquitous function. To begin with the shape
of ordinary household voltage is sinusoidal, consumer radio transmissions are either amplitude
modulation (AM), in which the amplitude of a sinusoid is changed or modulated according
some information signal , or frequency modulation (FM), in which the frequency of a sinu-
soid is modulated.

We have following conclusions about the sinusoid:

1) If the input of a linear, time-invariant circuit is a sinusoid, then the response is sinu-
soid of the same frequency.

2) Finding the magnitude and phase angle of a sinusoidal steady-state response can be

accomplished with either real or complex sinusoids.
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3) If the output of a sinusoidal circuit reaches its peak before the input, the circuit is a
lead network. Converselv, it is a lag network.

4) Using the concepis of phasor and impedance, sinusocidal circuits can be analyzed in
the frequency domain in a manner analogous to resistive circuits by using the phasor versions

of KCL, KVL, nodal analysis, mesh analysis and loop analysis.

Words and Expressions

consequence [ 'kansikwons] n. gR, #ig

network [ 'netwatk] n. o 2%

node [noud] n. T

conservation | konsa(1)'veifon] n. S

circumstance [ 'sotkomstons] n. WM, B

algebraical [ &ldzi'breiikal] a. PRwiq:0)

loop [luip] n. =l B

traverse [ treevo(1)s] w. FEk, @it

encounter [in'kaunta] w. aE, M8

impulse [ 'impals] n. ik mh

irregular [i'regjulo] a. AHWE, TR

transient | 'trenziant] a. HEW

ubiquitous [ ju:'bikwitos] a. TR 7

magnitude [ 'megnitjurd] n. XK, BE, BFE

sinusoidal [ saina'soidal] a. IEZ Ry

phasor [ 'feiza] n. MOE () K&, HE

impedance [ im'pirdons]| n. (e ] BHHT

amplitude modulation (AM) g

frequency modulation ( FM) VA AR

phase angle AL F

lead network 7 AT P 4%

lag network i J M 4%
Exercises

[ . Match the items listed in the following two columns.

1. KCL a. VA

2. KVL b. g

3. amplitude modulation c. HIRERBEEEH
4. frequency modulation d. ERERBHER
5. electronic device e. ATIHE

0. Complete the following sentences according to the text.
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We will refer to any such interconnection as a circuit or a
For a given circuit, a connection of two or more elements shall be called a

At any node of a circuit, the currents algebraically sum to

AW N

Around any loop in a circuit, the voliages algebraically sum to
BEFL

EREXERSHRMEBBEIN

1. BRERBRER (KCL)

[ Yy #42  Gustav Kirchhoff (1824 ~1887) 81 TRH/RER BT/, At e R
AL hirZmpontt (BER. BREMEE) URAME TITHFOMHEERE, R
NTHEX R I — A B R AR O L B B R 4%

- HEAEE, FORRNU LT ERESEN TR, BERMNALHEA
HIRBERERPHE - —RRERERER (KCL), BFEE LR HHFFEEH.

Xof L A AR AT — AT R, TEE B, MAR Y SMBERME TR X S aER
M, Bp

2 by = 2 our

BERAWAWERAE, RETEGER AR, WATLER KCL S8 THER,
EXMFENT, BRBRENESENERETTLUERNT:

X e B AR — T AR, AR B 0, Bp

Yi=0

2. EERERWIEER (KVL)

BERMNELBEREREBRNE - AN—HEE®R. ENFEEZHE, HI1%3A
“HE R S, NEEME—T R FiE, EdBEEFE—-N0H, BEIHEY
WMAEATA n R —H &R, KA - ERgEEd— K, BRAEBERBEER
R

WEBBRE—AE B, 5B, R—REQEEMSETHRRENSEM, B

Zuw: Zu_
BETHMmEBEBERMANERE, ARBIENAEERE (RZHR), EREX
R Al ARAB R TF 5 A
SERETOE-RGEE, BENREMETO, W

Zu =0
3. IEREEE
TEVT 6 e B 58 SR 452 8 v PRl R B AR A 5 B R AR BN B I B %, AT P B BR R 0
Bk oh R BOR TR BRI N, XMEESSTIR. BRTHE - EEMNERRENEER
PR AGE S, HEh A ARSI TR EXER.
EZRERFHEEME LHWRE., SEAFRAREREZRN, KKELBER
HAESARRAERE R, MiE (AM) BEZXBENEEZRRBA I - EESRERH
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B, B (FM) 51 3% B R MR R %1 .

MEEREE, RIGWTER:

l)W%—¢%ﬁ\%§%%%ﬁA%~¢E%%%,WE%W&%*¢E#ﬁ$%
E%ES,

2) SRS B TE 5% il 2R 0T LUK — A TF 9% 245 06 BT B4 08 0 AR 1 £

3) MR — A IE 5K v B B O T EE B S BRSBTS
W, HL B AW RS 4

4)%%@%%@%%%3,E%%%ﬂuﬁﬁﬁw,U%MT%E%%%ﬁﬁ,ﬁ
ﬁ%ﬁ%%%ﬁ%ﬁ\g%E%%E%%\%ﬁ%&ﬁﬁ&\Mﬂ%ﬁﬁﬁ%ﬂ@%ﬁﬁ
EHHE (ZB0 AT,

Reading Material Field-Effect Transistors

Text

The field effect transistor or FET finds its greatest use in integrated circuit, especially in
the digital area. The circuitry of a single chip often contains several thousand FETs, which
are used not only as active devices but also as resistors and capacitors. Compared with general
transistor, the FET has special properties of particular significance. One of these is the ex-
tremely high input resistance.

The MOSFET is the most commonly used FET. The letters MOS represent metal-oxide-
semiconductor, and the device is often referred to as a MOS transistor, or simply MOS. MOS
transistors are classified as P-channel or N-channel device, depending on the conductivity
type of the channel ({438 )region. In addition, these devices can also be classified according
to their mode ( J5 &, #{3{ ) of operation as enhancement (H45%) or depletion (#£/2 , £#£45)
type device.

A simplified structure of a P-channel MOSFET is illustrated in Fig. 1-5. There are two
P -type regions in the N-type substrate. One is called source region, which is represented
electrically isolate ( i f§ B , f# $K 37 ) from the silicon by a very thin insulator( 4z %% {&). This

insulator is usually an oxide (4 4k4) ) and the most common choice is silicon dioxide (SiO,).

+
P'-source

N-substrate

Fig. 1-5° Structure of a P-channel MOSFET
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Now let us see how the MOSFET as Fig. 1 -5 to operate in a circuit. We suppose that the
substrate and gate terminals are connected to the source, along with a battery between D and
S that makes, U,, = —6V. Thus U initially (£ %], JF 3 ) is equal to zero. Then suppose
U, is changed from zero to 10V with U, unchanged. The negative gate attracts positive
holes. When U, is beyond a threshold value U, , the positive holes are attracted more enough
so that a localized inversion layer is formed directly below the gate. This serves as a conduc-
ting channel between the source and the drain electrodes( #1#% ). As shown in Fig. 1-6, there
is a continuous P region from the source to the drain and U, causes holes to flow from the
source through the channel to the drain. This is a majority-carrier current, which flows by the
drift process. Because their operation depends on only a single type of charge carrier, FET is
uniploar ( 3#% [#¥) ) transistor. In contrast, the bipolar ( X{{%k ffJ) junction transistor requires
both hole and electron currents. In this case, we see that with zero gate voltage and U, posi-
tive , there is no conducting channel but when U is sufficiently negative, a channel is formed
and current flows. The more negative we make U, the greater the current. A MOSFET that
conducts appreciable current only when a nonzero voltage is applied to the gate is called an

enhancement-mode field-effect transistor.

—— SiOz

+ + -
P-source l P-conducting l P -drain

channel

N-substrate

T

Fig. 1-6  Principle of a P-channel enhancement MOSFET

In a depletion-mode MOSFET, a conducting channel exists under the gate with no ap-
plied gate voltage. The applied gate voliage controls the current flow between the source and
the drain by depleting a part of this channel. The operation of a depletion-mode MOSFET is
very similar to that of the enhancement-mode MOS transistor. The depletion-mode MOSFET
are often used in conjunction with enhancement-mode MOS transistors to serve as active loads,
to improve the gain or the switching speed of the enhancement devices.

It is informative to compare the basic operation of a P-channel device with that of a PNP
junction transistor. In the P-channel MOSFET the holes flow from the source through the
channel to the drain, with the flow controlled by the gate voltage. In the PNP transistor the
holes flow from the emitter through the base to the collector, with the flow controlled by the
base current. Accordingly, there is a functional correspondence between the source and the

emitter, the gate and the base, and the drain and the collector.



