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Semiconductor Devices

FRFSES |

DEF ERAELEFARIIAM, Lo HE. BAT (ZHF), BREHKTHRRENE,
340 e G o iE A A AU A i |
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WA kAo Rl B, 2 BREERMS AN

EF A AR SRR A A ARG PR, TR &

Passage A Discrete Components

Semiconductor devices are electronic components and manufactured both as single discrete
devices, including diodes and transistors, and as integrated circuits (ICs), consisting of a
number—from a few (as low as two) to billions—of devices manufactured and interconnected on a
single semiconductor substrate, or wafer. Nowadays semiconductor devices have replaced thermionic
devices (vacuum tubes) in most applications.

Diodes are the simplest type of semiconductor device with only one PN junction, formed by
joining together two pieces of semiconductor, one doped N-type, and the other doped P-type, resulting
in a depletion zone to form around the junction (the join) between the two doped materials. This
depletion zone controls the behaviours of the diode and permits current to flow predominantly in only
one direction. When the P-type region of the P-N junction is connected to the positive terminal of a
power supply, the current will flow and this is said to be forward bias. However, when the terminals of a
power supply are reversed, there will be a tiny current through the diode and this is called reverse bias.

The current I passing through the diode depends upon the voltage V applied between the two leads
and the /-V characteristic curve do not obey Ohm’s Law but an exponential relationship of the general
form/ = 1,(e”’*" —1), schematically shown in Figure 1-A1, where /, is the leakage current in reverse
bias, e is the electron charge, V' is bias voltage, k is Boltzmann’s constant, 7 is absolute_temperature.
When a small voltage V is applied to the diode in the forward direction, there can be a small current to
flow the diode and lead to a voltage drop V., of about 0.6 — 1V, which is often referred to as the
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diode’s “forward voltage drop™ and almost 0.7 V in the case of silicon diode. The forward voltage drop
Von has to be considered in a circuit as many diodes are tla
used in series, and also, the amount of current passing
through the diodes must be considered. When the diode is Forward

r - . = conduction
reverse biased, there will have a very large resistance, but a drop

tiny current, i. e. leakage current, through the diode still

-Va +Va

exists, from several mA to just pA, normally that can be

neglected. The limiting voltages and currents permissible Reverse leakage
v " = . % t

must be considered in practical application. For example, .
when used for rectification, the diodes have to withstand a Avalanche
breakdown

reverse voltage. If the diodes are not chosen properly, they
will be broken down. Figure 1-A1 Diode volt-ampere

There are many different types of semiconductor i ks
diodes, such as junction diode which commonly is used in switching applications; Zener diode which is
used to regulate voltage by taking advantage of the fact that Zener diodes tend to stabilize at a certain
voltage when that voltage is applied in the opposite direction; light emitting diode (LED) which can emit
light when current flows through it in the forward direction; photosensitive diode across which the voltage
drop depends on the amount of light that strikes it and which can be used to measure illumination, etc..

Transistors are one of the most common types of semiconductor and widely used in electronics
and can be broadly grouped into bipolar and field effect types. Silicon tends to be the preferred choice
as it has much better characteristics and better thermal stability and repeatability than germanium,
although germanium is still used sometimes. A bipolar transistor essentially consists of a pair of PN
junction diodes that are joined back-to-back. This forms a sort of a sandwich where one kind of
semiconductor, N-type or P-type, is placed in between two others. There are therefore two kinds of
bipolar transisfor, the NPN and PNP, depending on which type of silicon is used for the “meat” in the
sandwich. The bipolar transistor has three terminals, labeled base (B), collector (C) and emitter (E)
respectively and the arrow on the component diagram usually shows the emitter terminal, shown in Figure 1-A2.
The letters refer to the layers of semiconductor material rl';: g LI

iy o

N bl g{ll N

made the transistor. The direction of the arrow indicates

the direction of the current and shows the transistor is
NPN or PNP. The principle of operation of the two
types of transistor is the same apart from the direction

of the current flow through the device. B \ R

The bipolar transistor is a current-controlled device, & e
in which a small current applied to the base terminal will PNP NPN
control a much larger current to flow from the collector to Figure I-A2  Base, collector and emitter

. . . . . terminal in PNP and NPN bipolar transistor
the emitter terminal with the relationship /c =fIs, where f

is current gain, the values of which can be taken in the range 20 to 200 and is not a constant even for a
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given transistor. It increases for larger emitter currents because the larger number of electrons injected

into the base exceeds the available holes for recombination so the fraction, which recombine to

produce base current, declines even further. g
A transistor in a circuit can have four working regions, b4
schematically shown in Figure 1-A3, as following: pltetmston, |l 7lancm <o
1) Cut off region (no collector current), useful for .. active igy
“switch off”” operation. in) \/
2) Active region (some collector current more than —
cut off VCE

a few tenths of a volt above the emitter), useful for

. e Figure 1-A3 Characteristic curve and
amplifier applications. working regions of a NPN transistor

3) Saturation region (collector a few tenths of a volt
above emitter), large current useful for “switch on” applications.
4) Avalanche breakdown region, transistor will be broken down.

avalanche [ 'sevala:n[ ] n. il

bipolar [ bar'paule] adj. A Pk, TR

depletion [di'pli:fen ] n. #Eii

discrete [dr'skri:t] adj. AEELEH], 43LH
diode [ 'daroud ] n. —HZE

doping ['deupin] n. CEFE) B4 ()

electronics [ 1lek'troniks ] n. HL %

exponential [ .ekspa'nen[l] adj. &%

gain[gemn] n. Mii, KE v. /A, WiH
germanium [ d33:'mermniam | n. #
illumination [ 1 lusmi'netfn] n. f&8H, [

material [ ma'trortal | n. # ¥l  adj. ¥FAK
obey [ @'ber] v. fRA, Wi\

permissible [ pa'misabl | adj. A] fLiFH

photosensitive [foutau'sensatry | adj. YK, AR
preferred [ pri'fed | adj. & i£f)
predominantly [ pri'dominantli] ad. fitifith, sikih, 32
resistance [ ri'zistens | n. BH 77, HPH, PHHT
rectification [ rektifr'kerfn] n. #ii



recombination [ri:'komba'neifen] n. E&
repeatability [ ri'pitte'bilrtr) n. FTEE M, REH
saturation [ seet[a'rerfn | n. A1

sandwich ['seenwit| | n. FOEH, =R vt. AHIE
schematic [ ski:'meetik | adj. JEEM, ERK
semiconductor ['semikan'dakte | n. ¥F&
silicon [ 'siltken ] n. fi

stabilize [ 'sterbilaiz | v. f&E
terminal [ 'ta:minl | n. &, L&

thermal [ '83:ml ] adj. #¥), #EK)

transistor [ treen'ziste | n. ik (=) &
thyristor [Bar'riste | n. & f&

withstand [wid'steend ] v. #Hi, i

base terminal  FEAR

bipolar transistor XK A @k (=) &
broken down i %

collector terminal 4 HL A}

depletion zone FERZ

emitter terminal 25 %

forward bias  1F [ { B

in series JELEH, HEX

leakage current & HL AL

Light Emitting Diode (LED) &Yt 4R
photosensitive diode  JEB R

P-type region P H[X

P-N junction P-N &5

reverse bias |7 ffi &

Silicon Controlled Rectifier(SCR) & [f % (A #%E)
Zener Diode F4 —ME (FaE &)

AR AR

R A U A N S LU AU D

Notes to Passage A

1. MG T

(1) When a small voltage V is applied to the diode in the forward direction, there can be a small
current to flow the diode and lead to a voltage drop V,, of about 0.6—1 V, which is often referred to as
the diode’s “forward voltage drop” and almost 0.7 V in the case of silicon diode. *4—AN/NHIHLE V
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IEFMEBI =R, M — DB, 2E—NKAHN 0.6~1V KHERE Ve, X
WA TRE R “EmBERET, N TRCRETNS, BEXL780.7V.

in the case of EA: ki, EF--. Hillw:

In the case of him, he is qualified for the job. FtfhfItERME, fhiEHX TIE.

#E 7 in the case of 5 in case of & XA in case of BA: fRfE--, WRKH---, Fi—+. fill0:

In case of fire, ring the alarm bell. WiiEk1E, HILEL.

(2) The limiting voltages and currents permissible must be considered in practical application.
For example, when used for rectification, part of the time diodes will be required to withstand a
reverse voltage. If the diodes are not chosen properly, they will break down. 7E3ZFRM i H1, 220%
[ERERA VR EMBVFBRRAIRAD. i, S8 RERRE, ARHEER REREA
RERMBE. #oREEEAS, EMNEEENR.

iX B permissible /%717 FI{F J5 B2 S, (EIAATE )47 currents, BN “HFHIMR". —
FECOR W, T8 251 28 V8 W IR 48 1A Z T, (B B 4 R Ji5 B, 40 time enough, something important
(BA ERIA MR LAEED .

(3) Zener diode which is used to regulate voltage, by taking advantage of the fact that Zener
diodes tend to stabilize at a certain voltage when that voltage is applied in the opposite direction. F¥
A REE AR N B A B RS TR e R R X AR R .

* VEEYS use A ESEHCH -

be used to do CHEH K->, #ihn:

Photosensitive diode across which the voltage drop depends on the amount of light that strikes it
and which can be used to measure illumination, etc. JB HRE, & 09 HEER MR TR EES
FHEFERERNE D, AT ENEERRESE.

be used as (#EFHE--), Fln:

Linear ICs can be used as audio-frequency (AF) and radio-frequency (RF) amplifiers. Z& 5K
HL B AT D T AU OR 2

be used for (FEFHF+-+), Fln:

There are two kinds of bipolar transistor, the NPN and PNP, depending on which type of silicon
is used for the “meat” in the sandwich. #4& “Je.0ZE” FrAERREAE, f NPN 1 PNP #Fp
KRR A G fE .

be used to doing/sth. (ZJ45F+-+), .

He is not used to hard manual work. fthAs >J 45} 3R 75 (944 11553 .

used to do (GEEHH M-, Hln:

He used to smoke heavily. At 2= 1R X1 .

* that 5| FHIMNERFIALEME], £1f fact.

(4) The bipolar transistor is a current-controlled device. XUH %Y 5 1A /& i B2 il R %44

current-controlled &4 “HiHURFERIH ", R “ AiA+ahiad %0187 MK R & EA I .
Biltul: snow-covered road K5 i X1 #%: computer-controlled traffic lights T8 A% I 22 i
{& 54T points-based system Ik R, tHH B “EliE-+3hiE0d & 4068 7 MWK E & A,
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Biltn: widely-spread rumor | Af&#%1)1% 5 ; well-prepared speech #E % 7t 7> (¥ i s well-planned
campus FLRIA 7 BRI o

2. WEENA

(1) FHEHEE 4R R

FHFER AL WIES MR BENAENFYRFLHIGE. REEES —RIEHFRA A
FREXH], BEG, EHEERN ES—BIEMA. EREIGESHTIC%. Buk. M. i
LHEMIER AR, AR, R R R LA

O KEMFHBHEEWIAT, H&Ef4En%E .

@ BIECERUSCTFRRNE, HWOABEAN, BF. REE, FRHE S Ok Z26H
R Ea). 7EFARBIC. PHEXE., £, #RH. SARBEMRE. LRRE. BREM.
BRI G B B iE GO P E B ARG MR P FM R BB, BRAE
FIBRR a4, A A . B A H F —AOAERS &— Mo 220, /D RIIRAE 56 BRI Aot 25 SE R «

@ BHEXESRANAEREN. B, FHf, BRAEERA., S8R, a=07%, AX
BERBENIES. LidE., Itthat-- %, JEEESNE . BAIREIEEEEEiE. HiEm
AR E. AR EREE . MAMSLENE . TR TR &R RN, #
I ER &R SRR, BT H G EIES . IR SCEIRA 10T LB B R B B 2%
KAaZ., #ahiEaL. EEiEhEAE.

R LR S A RE LS SR A, AR E ) A0 iE S ERHEEGE T R 4
Ry TR B R A

(2) BB BAERHEIE P R A% 52

ERECERT ZEMREEIES, EREEEGERIEA#EARAEIMERNTEREE, M
ERATE N H by 51%, BAEGTH, HFEFEANE. X2 H TR EEFERFUARZHAS
%, UERBERANE, BFESERAZE, NRANERRITE. RHEERENLERBTUR
PEERPATEEE RN, WA, BETEEECHE. I BHEMUL we, youFiRAEE
MENES, SERERBEMEIR. Fitk, EREBREHL L we, youEABRFANEE
BEzhE, mMAEE, HIEEL we, you 2. AXFMIBREA)FEHREIES. Fil:

The diode is the simplest type of semiconductor device with only one PN junction, which is

formed by joining together two pieces of semiconductor, one doped N-type, and the other doped
P-type. —#REREFEHBH). UF— PN G268, M PN SHRICERBREEE &
MR, PR EFERE— BRI N R, fin— SR P i,

H A % 18 M A) which is formed by joining together two pieces of semiconductor 5 & #5175
iXH which (& PN junction, ZZN{EMAZHE, )82 1W%1E joining together two pieces of
semiconductor ZZN{EMIATHE , M by K5 T, WHATLAEMEAHEHFE.

(3) BHEIE R ANEATFENRE A . ,

@ BHEHIES #H by 5| FBEBSER B SIERATHE, FRDUER, by /A", “di--",
“Hr. B & plim.

When the battery terminals are reversed, the P-N junction almost completely blocks the current
flow and this is called reverse bias. 4R 7 A1 4 SR, PN &5 Foe4PH%E T HRKIRSN, X
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b b R 5 1) S B PRI PR A “ S ) R 7. H i the battery terminals are reversed i1 this is called
reverse bias # @2 WA . INERIRSZF 43|72 the battery terminals Al this.

@ fEFLHEN T, RHEIOE M AIEA TR RDOE R EAEE, LHELHENIESKNE
AT I A B LS R, -

If the diodes are not chosen properly, they will be broken down.J:H diodes &1 14 #,
ENEMIPAT # BORES B o] DU BT B & A, SBER nrin b33, “IR” B0“3RA17,
BREDS, B EIREE CREARAY, BAEEEEE.

@ FHEUEE R Itis said that (“H&i% ™), It is reported that (“HE#fiE™), It is supposed that
C“HEHEM ™), It must be pointed out that (“ DZiife H ™) FHFHk B ANIER AR, XL ANEERG) T
Al DL Rl 325 i PUER) 1. .

It must be pointed out that if the diodes are not chosen properly, they will be broken down. 4%

AdE i, HOREEEAD, e .

Passage B Field Effect Transistors

Field Effect Transistor (FET) is one type of transistor, which can be used for weak-signal
amplification and for analog or digital signal amplification (for example, for amplifying wireless
signals), or switch DC or function as an oscillator.

In the FET, current moves in a channel, from the source, labeled S, to the drain, labeled D. A
gate terminal, labeled G, generates an electric field that controls the current. The conductivity of the
FET depends on the electrical diameter of the channel. A small change in gate voltage can cause a
large variation in the current from the source to the drain. This is how the FET amplifies signals.

Field-Effect Transistors are classified as two major classifications, junction FET (JFET) and
metal-oxide-semiconductor FET (MOSFET).

The junction FET has a channel consisting of N-type semiconductor (N-channel) or P-type
semiconductor (P-channel) material; the gate is made up of the opposite semiconductor type. The
symbols of n type and P-type junction FET are shown in Figure N-channel P-channel
1-B1. In N-channel devices, electrons flow so the drain potential D D
must be higher than that of the source (/s >0). In P-channel GAI# & Aq
devices, the flow of holes requires that V'ps < 0. However, under
some conditions there is a small current through the junction s S
during part of the input signal cycle. There is very little resistance Figure 1-B1  Circuit symbol of
in the absence of an electric field (no bias voltage). The N-channel and P-channel JFET
drain-source resistance is between a few hundred ohms to less than an ohm. The output impedance
of devices made with FETs is generally quite low.

In the MOSFET, the channel can be either N-type or P-type semiconductor. The gate electrode is
a piece of metal whose surface is oxidized and the oxide layer (such as silicon dioxide, SiO,)
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electrically insulates the gate from the channel. For this reason, the MOSFET was originally called the
insulated-gate FET (IGFET), but this term is now rarely used. Because the oxide layer acts as a
dielectric, there is essentially never any current between the gate and the channel during any part of
the signal cycle. This gives the MOSFET has extremely large input impedance, usually greater than
10" ohms (a million megohms). Because the oxide layer is extremely thin, the MOSFET is
susceptible to destruction by electrostatic charges. Since MOSFETs can both deplete the channel, like
the JFET, and enhance it, every N-type or P-type MOSFET can be enhancement mode or depletion
mode. A depletion mode, device (also called a normally on MOSFET) has a channel in resting state
that gets smaller as a reverse bias s applied; this device conducts current with no bias applied. An
enhancement mode device (also called a normally off MOSFET) is built without a channel and does
not conduct current when Vs = 0; increasing forward bias forms a channel that conducts current;

The FET has some advantages and some disadvantages relative to the bipolar transistor. Field
Effect Transistors are preferred for weak-signal work, for example in wireless communications and
broadcast receivers. They are also preferred in circuits and systems requiring high impedance. The
FET is not, in general, used for high-power amplification, such as is required in large wireless
communications and broadcast transmitters.

classification [kleesifrkerfen] n. 233, %
conductivity [kondak'tiveti] n. 55, (5%
diameter [dar'semita] n. EHi%

dielectric [darr'lektrik] n. HAMR, LMK adj. MEE, JEEFHER
destruction [di'strak[n] n. B, K

source [s2:s] n. &

drain [dremn] n. ¥

electrode [1'lektraud] n. HiHk

gate [gert] n. #ff

insulate ['insjulert] v. fii---4a%%

impedance [1m'pi:dns] n. FH#L

oxidize ['oksidarz] v. #fk, 45

susceptible [sa'septabl] adj. %2, B
FET BRNE

insulated-gate FET 482t 1 %00

junction FET 458437 84 B &
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Practices

1. Translate the following English phrases into Chinese:
1) semiconductor device

2) behaviour of the diode

3) exponential relationship

4) conventional rectifier

5) base terminal

6) field effect transistor

7) collector current

8) direction of the arrow

2. Translate the following Chinese phrases into English:
1) EIERIER

2) —EHEAIES

3) HERE

4) JIBRIEZE LM Z R ER

5) BV EMAEVF R

6) HILE | A

RE LN E i L

8) BIFHIAIEEEMET

3. Translate the following product specification into Chinese:

Philips Semiconductors Product Specifications
e et P it S s e e e R, RS SRS R N A N il e R R W T e T T L A e
High-speed diodes 1N914; IN914A; IN914B

e Tl T S S N i~ Y e T e e w1 S e By S O S e Gl S e L T T [ g T S I
Features
* Hermetically sealed leaded glass SOD27 (DO-35) package
* High switching speed max 4 ns
* Continuous reverse voltage max 75 V
* Repetitive peak reverse voltage max 100 V
* Repetitive peak forward current max 225 mA
Applications
* High speed switching



Descriptions
The 1N914, IN914A and IN914B are high speed switching diodes fabricated in planar
technology, and encapsulated in a hermetically sealed leaded glass SOD27 (DO-35) package

— 1 [x — B

MAM245

The diode is a type branded
The marking band indicate the cathode
Figure 1 Simplified outline (SOD27; DO-35) and symbol

Limiting Values
in accordance with the Absolute Maximum Rating System (IEC 60134)

Symbol Parameter Conditions Min Max Unit
Varwm repetitive peak reverse voltage 100 Vv
Vr continuous reverse voltage 75 A%
Iy continuous forward current see note 1 75 mA
Trrm repetitive peak forward current 225 mA

non-repetitive peak forward current | Square wave; 7;=25 C prior to

surge
Irsm =1 pus 4 A
=1 ms 1 A
=1s 0.5 A
Pion total power dissipation Tumv=25 C; note 1 250 | mW
T storage temperature —65 +200 | °C
T; junction temperature 175 C

Note 1: Device mounted on an FR4 printed-circuit-board; lead length 10 mm.

Electrical characteristics

Symbol Parameter Conditions Min Max Unit
forward voltage =10 = 1 v
Ve I=5 0.62 0.72
=100 mA — 1
Reverse current V=20V — 25 nA
Ir Ve=15V = 5 1A
VR=20 V; T}ZI 50C — 50 HA
Cq diode capacitance F1IMHz; V=0 = 4 pF
reverse recovery time When switch from F=10mA to | — 8 ns
te f Ir=10mA; R =10 Q;
measured at [r=1 mA
v forward recovery time When switch from 2.5 \Y%
r 1=50 mA; =20 ns
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Thermal Characteristics
Symbol Parameter Conditions Value | Unit
Rajp ;I_"hem}al resistance from junction to Lead length 10 mm 24 Q
ie-point
Lead length 10 mm; note 2 500 Q

Rinja

Thermal resistance from junction to
ambient

Note 2: Device mounted on an a printed-circuit-board without metallization pad.
AP UL A% T Philips Semiconductors Product Specifications.
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