T 14

h

3T Soldiahi-
garef, Ffeaar qem
T TR

14.1 Syfiert

Tt el T SoleRiel T TR waTe Wi e ST gen, et et ariaed
wT Yo T @e Ed €1 W 1948 § R * @Y ¥ Teel U AfeEt
sifereRter: frafa Afasd (0 aea) off, 59 frafd =@E v 9 woree; e
(i) 991 helie g ¥; g fod 4 seiedie hefle, wie 9o fiie 26 &; 32e
o Y2E (SRHTT: 4 991 5 Seioelel o @) | forsft faia =ferer o geieeql &1 syfd
T aW h9IS g H1 Sl € 991 THek faf=1 Toiriel o == dieedl & ufEfda
Fleh faid § 3 oAl R T YetE Wi R S 21 SaU-sereiEl e
(inter-electrode space) ¥ TeaHl & Yam@ o fou fald smavas T 7, ST
Tfau 3R &0 Y § 919 o SUpE Y UL AT Sl @ Hhd €1 3 At
H goleri ohercl Shile | UHIS i AR Wallad o Gohd © (Al Toiei oheel T
& Taun ¥ wenfed 21 Tehd 2) | 921 HROl ¥ Tom Ul Rl 1 WEROEE ared weEd
F| Tt et 9 o gl R § 9t g €, A vife 1 SUNTT Ll
2 q Y=o | 9 399 ateedl (~100 V) &1 SAavashd 2l 21 SH W &
$IhT STahTe STUETehd 1 ad fagaa-aar ff &1 =it 31 nyfie Sy Tz
FefaTE 3??3@']7%[37’_7 (Solid State semi-conductor electronics) <67 E’@ﬁa |1
1930 ® 39 a9 ¥ foRa T T e 39 sTewe siEEet au Ik i o
7E HATEAT Sl & TR ST S99 SR i GEAT 991 Sk WelE i fGu R FEe
R < Wehdl €1 TR, SO AT ST0d ST dieedl Si9 Sxisth [REl st
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H fqHe SAETT R e uiEfad Y Tehd 21 eaH 41 A 9 92 € T s
Ifrat & STEY ekl w1 AT T WATE @F I & HaX & I §, T vEe
AT E el Fetd AferniEy/aTeet § TaHE el T aw shers § W TR St
o1 7 faifaq ol stgen Haid | genfad s sian ol sef=es gidadt § aed
A s e Faifad T %1 SEvadd & Ed 21 9T den F B9 @ €,
FH YT T AT FLdl 2, FH dieedl W HM HLd €, TH] sie el 2ar 2 30
T Tavargradr =gl gt €1 sk o | ar Faffaa fermstt o fagid ™
% w At kUi RO ZgEl (CRT) AT SwEi dofifem del aem shegel
nﬁzﬂﬁmw%msﬁmﬁ (Solid State electrons) Tl = T
Here femae feea feaw (LCD, 59 e weel) aiHed srT gfaeenfaa &1 =0
@ ¥ e gfaaat S 'Y 9 9 9 9 off 912d veel Whfd ¥ U
S ATl e (TS TeEgS PbS) o Ush Teheel Toiden 1ol HTg o1 Ueh Gueh fag
HaATSd o, o1 ST e T oF gg=e oF €9 H fhar 51 =1 ol

frefafad squr § =0 e Sifas F1 w9 9o saumonst ¥ uieg
FUH e "fg 2@ (Junction diode) (2-Tereiel w1 Ifad) 9o fagdm wiy
(Bipolar junction) I (3-3eR2El &1 IfF) SR &9 sid=res gfaaal &1
= | T AR AT F W A P e B o w5

14.2 oIqstl, ATeThl a9l STHATCTeh! SRl SRTTRTOT

HATEThRT o MR T

Tae[d =TerRdl (o) HAMET FaUEHRaT (o = 1/0) o FU% AH & ATUR T 29 95ef &

e ThR g aientor feman ST 2

(i) &7 : STh! WRierhaTl SIgd A (SAfE Horhdl 9gd SATHw) el 8
p~107-10°Qm
c~10*-10°S m™

(i) 7eferrerar : ST QTAXiERal o1 =erhdl egeT qen fasgariet vaet & sit= &
gt 2
p~107-10°0Qm
o~10°-10°Sm™

(i) Trgavish ; TToh! WiaXierchal Sgd @I (9T HeThdl S50 FH) FT
p~10"-10"*"Qm
c~10" - 10" Sm’!

T U T p 9 ¢ F A kel Hife HH o Yok & AR 50 T 9 &R & =l
off S Tehd 21 o, Tamgauielt wered qen sref=rerkl o o9 9% R % o giaew
T FUE T € A TF AR T2 2| FD T AR o €, T W8-S9 79 39 HeA
# A TR, T B S|

I FAeAT W TAN BT AR oF ST § TS FE UEN o 2 Wehd 2
(i) @fg® =i (Elemental semiconductors) - Si ﬁTGe
(ii) FFrE sTefare — 3R &

o HFEME - CdS, GaAs, CdSe, InP, &3]

o FHEMF - TYRA, WG (Doped) S g, |

o M dgaieh (Organic polymers) - GieilaTede], WeidfTei, Tieliemaik

el




TR Sl eh! - Y&,

FfeRTar qom T e

SATSTohel SYeTed ATHHI Al qfeel difcas wei=erk Si 91 Ge 3R 9ifTH
ST SRl W e €1 Wy T 1990 % oF Sreie s N
AAHATCTR] TgeTeh! o1 SUAN Hich o Ief=TerRR! gfaadl 1 fashm g foeg sfaw
o o, Sge SerEg! a9 Sfvas SemelToh! Fi W & WgHd & Hepd
et 21 30 e o 29 shad e e, favve qifes et si
TUT Ge oF LI dh 2 Hitad @1 difcaes HA=Temen! i fae=m & fou =27 59
T ASERONEA i FEqfad foen T 2 o fret-7-fre w0 § sAfaswia Jifme
sTefTerRl T A i 2
Tl OF & W W
AR GLHTY] AISE o ATHR fREl faged gy 9 S TRl Seleg w59
TorRI i TRy Fe R el et 21 g e TR U3 o TR SRt FE
S S o ¥ 9 S U oF AAtasd e 2 W 21 oa: fehew et &
TRAT 1 TRl hET, Al T 1 W € S 7l a% TR U - SW F a%
Tt 21 3ok uioTnEEy TR S ¥ Soiaga w1 i i wepid e fage
& el wI A § At fa= 2 W 2

Tt Tortaet o STt Wi ool i STUAT Sfgdra Teafa 2t © qen o=l =
Tl oF = AR oF A @1 Ued wend ®Y ¥ UH S| TE aanl a8 RO §
o Tk oo o S & T 2 21 A T St SR T ST o1 Had gitaed
21 @Al § Fof agl 1 A0 F2d €| 9 S W T Haisehar soiegHl & el
T g 2, Ha=eha &2 (Valance band) Faadl 21 HAisehal o€ & S g
¥ & TeT ?}E'(Conduction band) %&d 2| Tam femelt safafiem =it &, T
He=hdl Soae HalsHhal o ¥ T2d ¥ 4f% =er T ¥ f1qe T =er dT &
SoAqH T G o = € 9 HAiSehar o€ & IR ST 9 = de ¥ T R
Tehd | WA e o€ fio 2 31 Wy 5 92 4T HAeehdl a2 & afqentid
(THAT) AT ¢ A ToaE WAAdYEE 3ok Al W Wehd € UET i et
H glar 2|

AT AeH o2 991 GAIShdl o€ o o= F1E R (o) €, O garsmd o
& qeft Toe uiterg B & 9o =er 42 § %I I goree Suee Tl ganl 7
w1l i Fegaiisl o 3T ¥ Y TANSRAl o€ % FD Solae SR Sl W ik
H=hdl 4 a9 Tl o < == &1 i F U F Fhd 2| T9 T e[ Ao
o2 § v WK ¥ qo Taiehd 9T ¥ o Sl WR S w1 2d ¥ e o serR
ST Hhd 2| TH YN I UhhAl =er ST W geieRi 991 Sershar 92§ TR
T & FROT TEE F HAEA S R 2

FRY, 376 29 I2 Toar & fof N TAVsT ol Si 57961 Ge e o Yo o
1 21 21 Si Y AEay e, 0 FE (n=2) Tl T, Sl Ge H R e el
FE (n=4) B 2| TH! T=TH FaT H 4 T (2s 3N 2p TeER) 24 21 31
T fortee § ol oMl o1 ol Hoa AN g2l Tordl aread e # sifueRad
SRl B S 8 (25 + Bp TEFEM) Bt ¢ 31; 4N Al el o fog
SUEd Sl WR B8N 21 9 8N fafasa Sl @l o1 ot hiE Tad iz o Gehd & e
2! T <=f # Ted & That 2, 9 frted ¥ wenget & o= gt W et
2 '3l =1 9T fagla’ — =few <fEm]|

Si T Ge o ToRteel SToren! H TATIS oF o= i 3T TX, 39 SN TR &1 Sl
e = ol F g S ¥, feh i I SR B, (99 14.1) W1 gusA 3 2
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W Aifqe!

ATHT & WA YA WAN HAsmhdl 3o 8 yola; o fa= i gaiasa ag 2
2 W%W4N%ﬁw@ﬁ%ﬁw%%ﬁ%ﬂm%mwm@h:
e 2t 21

HH Tt TR SI o Ge TR § N
TRAY] €| ek LAY < goReHl i fafeT
(o1 et H fafae S 2 A we ugE

faerfirg &, a9 Th-T | #Afek saue

R 2, 9 oA T a2l Wil Wy UH

forteat § ueHY] T8t o 9gd ke (2

¥ 3A) 7 ¥ IR gHiET ToEE TH-TH

T IR Mohead! T wiel § ff TRERE

5T R B e STl H&T o o IW

e (I IR fRaT) i Haifis

e AN G &, Sarh Sl Fe A HIg &

1 el ® Hl A9HTad & Hhdl 2

: AR T AT Si A Ge Thea | ol werisl

F THZH o fAU =0 hered dEAY HET & TRl H FiE ¥ S W faEE w3 H1  AEvTRd 2

Si o ToTu SRIaH HE AE AT (n= 3) Sl Ge o ToL STeiad el =il el € (n=4)| 37 aH

Tedl 1 STEIdH Hel | TorRl Bl HEH 4 T (2s R 2p oo ) | THOE Rt § "l seleHl &l

Yol G AN & TE| ST e H ol Bl ATHEHTH G Y= 8 € (2s + 6p TOEEH) | T@em

AN TN | | 2N IR d1, 2N s-97TE7 (Hed Fieq 9= 1= 0) | 2 $IR I 2N o T

GN W p-37aegy | 21| TZaa, e p— Sore el o 2 sm == o e aifed wm o faarn
T 2| 9% TAE T9 W JUaRd A1 Ushel WA i Tl ¥ (o 1 @A)

T TR foF o TR Uk 219 1M & o0 Uh-go o 3 e 31T IRy *id &)1 fafy= wamopet
o oMl o == UREfER TR o RO SEA el oF 37 oAl S Sl uiEtdd 2 Ghdl € (98
O kel )1 1= 1 T 6N e, f5eht St Ry ¥ fogsa wmet o fau g6an of | o7« heist
Th o g5 sl & [T § @ B]1 38l WK = 0 %! 2N srareed, el St faeger qramoget ok
o welwm off, 9% oft Uk 9 Fof a2 ® 2 5l € [fo & &9 B %1 gauHgES ]| 97 ¥ T=el
o U UF T ST 5N TUR & 2

TR o St 3O ot B qUHA §1 W, U1, Tk UHT &5 ol ® v 98 S UH- g § faed
F T £ FI THvETE HS T e el St e e o] WA S W@l i g6y S
HEEA o S = =l St 2139 &5 W (T W 95 C), BiY T S T8l Bl AN S a9y =l
i sraeqre fiafem & s 8

#qq:, A TS & = H 0 AR FW G G 2, q St a@e R ¥ favsm @ W 2
SR UF T AU E, ¥ FF & 99 2 (F § 49 D W) we S s w wl den
SNHﬁﬁT{f{?ffa@&Eﬂ?{Wﬁmw%(lwmaﬁT&w oo o=t § ° Uoe H AN Fawend) |
el Hrefen o1a 7E @ TR ol aT ¥ ik Al € oot (N) €, T wamEt § O wre geisean
TR (4N) T

T g S (St IioahdT 95 Sheendl ¢) qoid: S g ¢, Seh $u T qoid: @l ¥ Sl
2 F T 99 Fed 2
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fo= 14.1 2fEu| w99 =e o2 | 99 fem

%ﬁwaﬁEc¢wﬁawwW§%’ﬁ
=T S WX HIE, & ®9 ¥ i w0 R
E,o W 941 E, & A< T84 Uh-TH &
At e 9gd 9 Tl w1 ST M 2|
Hoishal o2 & Iid 9o =en o F ael
& o= o HAUA I Fo d2 Hqued (HGA
Sl S, E, ) Fad 2 77 A v H
Wi R e e B 9% s, F9 3o I
2 ka1 2| 39 fafy= fofa = g 14.2 9
Tgifan T ® qen A= SR foeeA w1 T 2
FERor [ : 98 o4 14.2(a) ¥ s30T
frafa & weel 4 21 9 U ug &1 fefg €
T = T ofees §9 | 90 € 99 HAsiwar
de oAy w9 9 figd & @1eqen =er o qen
HAriohdl o€ e €| <@ SAqeqdT 2 2 at

TR Sl eh! - Y&,

FfeRTar qom T e

e

B

_______________________________

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

foT 14.1 0 K W feet sef=mers o %o 52 =1 feofa,
T ST 99 =er ST wed ¥, 9 swdq; e Hen ¥,
st fre ool st B €1 Freen ST i wasea
T FEd ¢, 9 vt freke yola: wll et s gt €

TSRl 9 § FolH el | Jer o€ § ST Ohd &1 9% feufa fawa =em o
o s Ge ¥ goiaeld STed FU 34t 1 59 Hatshar d AieE w9 8 o
FaT 2 df 309 T T TR W 9 T a% T hich TR = i GeE o
T F i 38 YRR < u=iel #1 ufalE S sieen Skl $e & 2

=
B E =
% B
E .
EES
(i)
/ﬁﬂﬁ
E; ; Ry
‘E Eg> 3 eV
s
ERIECE
i

(b)

o 14.2 (a) HTgsT,
(b) foreerieft aem (c) sf=rerRl % i S * =9 s

EREEieaieE |

.5

FAfgra
/Tﬂmﬁ:c:

[Eg == Q)
HareERd
EES
(i)
|
i e
Eg <3 eV
: E,
(0)
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W Yifdel

TEIOTIT : 39 WhOT | S R o 14.2(b) § =9t wn €, v fefq # ST
AR E, AH 21 2 (E, > 3 V) | M §3 § FIE gome T4 2| 79 B faem
o W T S S 3 A a6 e § R Sl St O st g $
fordll ot 919 SOsF W Sl 1 TSRl ST 9 e < i SN St @ R
T Thdll T8 fggauH? Tae w1 S ¥

IO I : 72 T8ifd 14.2(c) ¥ =wiidt T2 21 398 vk i Wg o o Fad
(I, < 3 eV) 31 31 1 9% a0 29 o BT, FR & A9 R, TS oA Heemd
é@ﬁmﬁﬁwﬁaméﬁ%ﬁﬁﬁmﬂaﬁmwm e 4 | g Tohd
21 ¥ el (F9ly oM § WY B §) e S H T % ehd 2| 34 i
T Wi SaT Afew ToT g Foe e garetf 1 2 g

TH ST H 2 g, Tkl 9 SieeTh! S e SieRer R 21 et
AL H A srelaeren! W =er gfeen o fawa § i)

14.3 S sref=ITeth

B Ge ¥R Si 1 Gag HENT 0T o TSkl Serk (Lattice) AT o 14.3
¥ femr T 21 3 e i ER S T FEd 21 e W] SN S fRean
R g R 2T 21 2H W ® T Si #iR Ge ¥ AR GASHRAT 3o B
F| 3ot ToReei™ AT | Tt Si A Ge TCHIY] @104 =R Hersiohd! gefrel o 9
Th-Teh S i 0 R Tshed™ TIHIE o e FEHiar U+ 1 i @
2 91 U Yodsh ke AT o Uh IO 1 GEWAT ot i B T8 wEer
TR T GEdaist a9 (Covalent bond) o FFieadr @4 (Valence bond)
FEed &1 TH WA ST Hehel € T ST Tenieid goie ST Heteg TRATE o
= - T wd 'd €, TR d qed 9§ W9 2 € fa 14.3 ¥ fREE T
Si A Ge & T=A 1 2-Tada feue = 14.4 o Heawncs 9 § fa@en T
2, W HeHAST 99 W AAtas 9 3@ 21 5 14.4 U @iyt faeon € o oy
2 T € (melt Sy wW gm ®)| g feafa e 90 WO st € S-S Ay

a1 8, I SoeA 1 &It Sy el W 2 e ¢ fees

T ¥ Fo ToEgA ¢ HR A & whd ¢ (FH Temee

TR T | AMEH B E) | ST el R S

% o THIE! R YA T AEAERT F S T a9 5
§ ° UF R T S S E, S 1445 (a) ¥ e
2| qo el (SE - q)w@ﬁwm% ERICES
T SAERT (+ g) T U T TIH B 31 21 99 6FeAs
e aen 98 R T UF Bl (hole) HECTAl €1 EieT e
Y SRV el U STUTYl GFd &9 i dE oHdEl

w2
! Fs1 srefremRt (Intrinsic semiconductor) Hed Wﬁf
@ csiTae —mg‘ma 1 F n, AT A, 0, T A 31%‘"?[[14 1)
n=n =n :

W14.3W,ﬁﬂﬁ$ﬁmmﬁméﬁfﬂn wnqﬁﬁgmwmﬁ%|

- ol € St Ty wiee e o awﬁ%m@m%ﬁﬁwﬁa;

ST @ A 356, 543 E.66 AT mreme B o T 0 E T S B w0 1 WU 3 e
551 14.5 (a) ¥ fem@mn T 21 @il @t M W e 14.5 (b) §
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HEHAST o8 T 2 § T seiag o ¥ 1 (2e)
¥ T X T Thdl 21 T TR, U6 Th 6% & 916,
2ol T 2 T2 T 99 T 1 H Tk olee 311 T
Ui S &9 H 91 2] = 1 9 [ 2 T =6l
T e e TR S SR URY H e geT o [
14.5 (a) 3f@u], a8 Fa & Ta Ft W fwar H
gfmfe T2 %1 I ToEe JUid: WaAdaEs =er
IO o T H TG AT @ R U faga &7 o
W UF e UR (1) 3 2| T @ R @ e
TRt | el ot U AYRT o6 2 T A7 gl
w1 aredfes T B SR TR avid Hw & fo gt
F1 T hael T Tesl U 2| T arafas fred
H faga &5 & foma o Forasy 98 3 ROR
fasa &1 &R fq wW €1 @ TR TE A U
foerdt €1 S5 | S e SoiaeHl o SR oA
MR [ T BT W I T AT Yol ew 1 A -

I=L+1

TR Sl eh! - Y&,

FfeRTar qom T e

N
e e @
MR
RE. - i S e
: - L @ Si AU Ge
* e L I
@ @ E
. .. b T . _— Lo
o df¥A
o

forT 14.4 Si 1 Ge F Gr=A w1 3 -fada s

e e e a9 W HeEarst ey e T E

(Tt sy S g, FE <A w9 TE) | +4 TAg Si W Ge wY
it g ® W wI e

(14.2)

T B S A A1 9 2 o = seeet ae gt & Se B o -
U791 BT T BT ¢ T Seiae BT o WY Qg B 8| e o
STTORT TTEhT o ST 2 R L STk T HASH i 3L ok ST 2l 2| 39 T HIH

1 HHO TR B Y GG HE L

»® T TR o)

° | > . !
Y99
Poe Po. ®
o Ta1® ! .

oS E e
—o--.-o ----- PO ™
@@
® N e
Si 39T Ge

(b)

forT 14.5 (o) 799 99 W FSHE = o6 BRI TE 1 T IS TG TCH 0T F S0 B F STTEATE
el (b) fRe ge #1 Hanfam s vl %1 SRl e = A S w1 o gegdst 9 (T 2) 9 U
ToFH TRIE B M 1 T e 9§ SR S M W UE ae sied ¢

THOUER TIE | W T 2 9% I F SN S 3 g 2
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W Aifqe!

l
f

TR

(a)

_ﬂ’i.—g’ =1 14.6(a) ¥ 33T AR
B T=0K T FE I sAef=mern fondt
T fagaiielt =1 offq "R 2 2

E TE qE S E € e wRu

F=a @l (T> 0 K) W &S Teiged

E E l RfE B TSt 3T § =R o
H 7= 21T > 0 K R adr s<ifsa
T U201 T oid &1 gHifey Tt

(b)

EEC e el e e e

o1 14.6 (a) T= 0K W & 49 spferers fgmet #1 9k s=mer 1991 14.6(b) # <M STEN a0 2
F ¥ (b) T> 0K W A1 A 3e0= seiae-2re e o 3 (+) T8 F9 oo FeH §S § 99y
EAl ® el w0 § 9 g 49 (o) el #1 Frefm w1 7 M ¥ % =l W IS o g e ¥

Sl 14.1

476

T WAH W ¥ @l B B
U

IETETO 14.1 C, S 791 Ge ! Fel® (Lattice) S T9H 2t 81 fre oft ==

C %Igﬁ'ﬁ?ﬁ % TAE Si F Ge 29 SFYIE® (intrinsic semiconductor) %\'?

T C, S1 T4 Ge 3F WA o =R S9d Toiaem A 50, g6 9 =9gd wan
d 7 21 3E: 3 ARl W U s W At feen % fau srevas %
(s S £ ) T W Ge % fou, wow aifs Si o fom oin s stfirs C
= fom 21T 39 TR Ge A Si A ToRE =e oF o =0y ol &t Se wedE
Fd § S@E C § 7@ T 7

14.4 AU IeFTeh

gt o5 i B Aehdr 99 919 W R wet €, W we-ary W) gEeRt
wefehal ogd A 2t &1 36 &9 |, S off Aeayf seee s g o7 vt
o fohfad & 1 51 Wkl 21 &7d; STR! AeIshal § GUR FHE1 69D 2l &1 T2
7 TRl H SRfE 1 SWH wies e S 2l

@ TRt 5 e ¥ FE SE g 9T 5 H S e 9 uid
fufer (ppm) ¥ e Sdt 2 Ot ST Fefhal § ®2 T Ifg 2 St 21 39 TR
o Uel 1 S7UReHt SPEEIG (Extrinsic semiconductor) HFET LG TR
(Impurity semiconductor) Fad HIGIES] s Eal F’IHH’FﬁW fafsa = A/
(Doping) 1 7957 el € 98 g WY 79757 (Dopants) FEd 2|
T8 YRR o 9= 1 HRA (Doped) FH=Ie® Fad €1 AT TET ST =iew, St
o1 srefareren Ugred oF Scrh Wi faepd 7 w1 IH ohad fheal # @gd ®A o
FTefTeTR TRATY] Teerfaat i & S5 =eu| 39 W i o O/ Ueh S7evEh v 98
& T sufage o o19] 9on stfarer gared o STU[EH 1 Tew o TAH E

=q: TASR Si FET Ge & HIGT & o0 31 YR 6 STATH9R ST R <d €|
() ° HARR (ARl 5); S S (As), T (Sh), HIERRE (P), 31fR|
(ii) T Gearsin (arseRar 3); S9 gfead (In), SR (B), Tefafem (Al), #1fE)




TR Sl eh! - Y&,
IfFar aen Wa Ry

e 20 7 foe=A1 ®{1 T sufaso g Ry . ;
YR STefaern! § STEY AEeh! Rl AT § UHaaT sl e i @ e b g
BT & o 0T 36 ST i =ehdT TRatid . ..... .. ______
A 2| Si FYHA Ge HEd WM F =g wyE - P .
(at) & W ¥ geifem = sfusor ok fom fee L 9o
o AR srerEr e o o ded 1 9EA TR STUET ,_ ______ @ ______
H FL TG HEEH A g HW ¢ o sqafasm

S T A
WA & e & o aer 2| U=h a9 98 @ ' ---, ------ .. .
fb weT & fom swam @ e B a0 .0 o e
YRS ddl U0 o U9Ed Ueh-38 § Yuid: L
o Wbl o & Ao werel @ fmior e € (@l
Tt @ty =t feam o 21

T
i) n-UFR F referers
A TlifeE T 79 Si A Ge (HASHA 4) FH TH QQX@ ]
G dSTeR (GASRaT 5) e § AUTHIEE e S Q @ O =R
ot 14.7 § @ 791 81 56 +5 HAShd! el a0
Si ok T TLATY] i Wiwenfaa ek 3101 T T2 OO Q
F 2 A THE oAl § ¥ AR, Meead! =W .

oot TREE § o4 o §, e ui=al soee

S T | S 1 S IS T U ST gy 14,7 () e AT S Ge F st T

2 for Uie ol & T o9 | W o Al =
THH TCHIY] W AW HIg o W 2| THeh
TR 0 e o1 TR i o oy, sTewas

(As, Sh, P, 1f%) = smafasor 9@ =71 n-sd=mer)
(b) n-TFR = T F AHURITA T AR

AP Soll S5 HH BT & SR FHAE Y A9 W
TE AR o Soeh § Had T e o R g
AT 21 IR o T, T Tele S TAT € o
H o fou SHfAEE H~ 0.01 eV e fafesq o
T 0.05 eV Tt =en| 39es fauia feedt o9 sred=rerr & %er 90 W fHd
TR F1 afed T ¥ T o fog (S § o 0.72 eV aen fafash
H ST 1.1 V) Fell AfEU| 36 YohR d=gatsin sufages fogd =eH o fou o
A e TR Ha 2 &I e 38 T 979l (donor impurity) Fad |
TR TR g1 TaR]d =er o Tt e U T Seiee i 9= Yoo ®49
T squfgsor R flt et 21 A WU o 99 R e T | gwen fauda si
TAT] §H SO A ol Sl HEAT (WHE Hel | g o W) ® a9 &% |
9gd &9 gig 2l 2|

et SUTHISR eTei=erh | =Terh TRl i el WAl n JCIAT o FIEH 92T
=it ROl (Fo1 gRT) | Sq=1 FefRAl o hIT 9 Bl i el HE&A n, she
=1 T S Sca Eiel o 0T 2T 81 WY 2l & [EEAsE $ ) ¥ 9fg 3eeeE
ﬁ?ﬁ%%w@ﬁ%lmwmaﬁWﬁﬁiwé
EIEIEE

TH YRR AUTHH0 o 3i=d WX § =0k ool S Wed | Biel i e @

SR FaTE T ST ST TS Hes TeeR o
oy famran T
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wﬁq@aﬁwwﬁ% 1 G ATSI HUTHS oF H1Y SAUTHS0T 3N

AV gEF o1 W9 21 THifeT 39 YeR & =] & n-TER &
Fferera wed E| TRl nYHR & A= & fou

R R A9 sl ¥ o 9g9ErE ey agd 9o BT e

T R ._2 L. e (14.9)
04.@95\% ------ (ii) p-TFR & arehenors

. ! o Py P IFER T AR T9 TG E T Si A Ge (FgfHAST) F YOI Fi

""' """ "" """ ¥ ‘ st sefgal; S€- Al B, In o9 STOTAiSE &1 ST €, S

""" ¢TSS fa 1408 # fR@mn T B atasE W S1 AW Ge H AUET UH Al

' 3 TR FH BT & SR TERT 9E TXATY i SR G Si qREreE ¥ sy

() T HHAT &, AR St AR 59 o1 ok fo Sawde Soee U

- T B o RO A S THAH H TR TEI & qdn| A fAeien

T e fHeheeer Y] <F = o9 H U e e 2t 2 ® T e
14.8 ¥ guiar a1 ¥ iR worh § qSiEl Si WA BT o T W UE
TR =l &, Tiehe o TR0 & el ¢ 1 i gode oo [ &
WA o U FEM R Gl & T8 SHR 910 TIM R TF 2ol 59 Sl

e wm B A g Am % R ST R € e & A aw 9w €

ForeaTsht fadia TaTo] Terd Si TRHTY] o WY Seae i HISRN Fieh
FOTEd; FUMCAs ST 9Td 21 ST €, 9907 39k 9l T se i) & =

(b)

fo 14.8 (@) Fgd=amst Si @
Ge & e | st aE
7@ (In, Al, B 1f%) %
A | & p - THR F

¥ e WTERT I H UM p Ui oF STAHsE ULHIY] i S Heg
2 & WY Th HINAF HET FT i Hal Sl ¢, =91 == 14.8(b)
# fewgmen T ¥ A T ¥ fE uw g7E WA (N,) T gl 2 31 9
e I Sd 2l o SAfafiaa T Safs <o Toeeql &1 Jid shad A
S 2 21 38 RR, U e o T, 2] 9gEEE 9 99 oiee

STl (b) p - TER % wEd  Aeddein dieh % gEife g sy § eafafad A9 oo
P RO T 2R p-WT & 7efwcreh Fheeld €| p- Tk & o7ef=erehl ® Q|4 Wik,
HEEAF eI St w9 ﬁaaﬁasﬁaaﬁ’aﬁwmazaﬂneéw%m:pwé?
Sl s TEY % Wy =Rl o fog

wireardt e T w1 TR W n, >> n_ (14.4)

A S W A T o % v e 7w & T e T ST HOTT SR T T
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? FfF AlGfad ST TEH W AET F A Ferdk § TP Fiel W
&1 7= & & gEA U9 fawiq gt 8

szt sref=eTehl § SgHedae O/ Rl i UF o RV 99 g 3caH
SATIY FAEHT o Tol, S el § THeM & aAftdh R 2 € 3N 39 TN
g = g W ¥ e s U YRR o @i SN aTEeR! Wi TG |, i
aﬁwmmﬁ%,m&wﬁwmﬁ%mﬁwﬁfﬁw
H 2

SUFAHOT SN SAH=eTRl ®1 S S GO wiad 2t 1 9@ sreehl o
TR H A S o HEOT ST St ST (E ) 991 Ul SRIg Al o ol
SAfafiam St stawen (£,) 7t 2t 21n TR & Si s & S 9 s | [
Fe W E, AT S B q¢ll E, ¥ T T 21 € a9 T T Y FS Teiae 98
FH S R YT B T =eH S ¥ TE9 99 21 e a1 W TR S1 TE




TR Sl eh! - Y&,

FfeRTar qom T e

STFTeRd 2 9d &, W Si & 3 29 (~10712) WA & HAoeRd g 21 o 1d: o
14.9(a) ¥ <0 2 9R =eH ST ¥ Afewiar goaeq 3ar wyfaal 9 &1 o &) g4
TR p-TFR o AR F WE Foil TR E, HAST AT F AW § T IR B @
[ 14.9(b) }f@T || 920 %7 F= YA 2H W F TS0 o ¥ FE TWRAE,
& TR W P W Fal T ST SH WM F EOTAS SAAfTd w21 2| [faweu &
T H 20 W UER H FF Whd ¥ fF 927 FH S B YT F A I WRE,
Y S o | THT L Gehdl 21 ST A hi W e S i SR A § S
FieT = kT R d €] E wY dY TR AR WE WA SEieRd @ St
& qon st ST F giel 99 S £ 39 YHR w7 a9 W st S F el B S
TOE ¥ H uged ekt § @fE & wR €l 21 el grg ¥ ek §
SRl a Eiel BT WiZaT T8 YRR HE i Wl €

nen]LL=nL.2 (14.5)

Rl Iude foeRol §9Y &9 § Wiehe 991 qiehfeud @ g 9% Wl &1 ¥
eqett, fagerifert qen srfemerR (AT 9o sEedt) § X # gHee ¥ e 2
C, Si T Ge FT WEHAHA F Fq ok e a4 FASH St & == S Hawe
T FTEr B FEA (SEET), Si d9 Ge & AU TS HqUA HAM: 5.4 eV,
1.1 eV 0.7 eV 71 8n o =g 0 1 I & TG 78 g 2 FF 30k ThoT H
Felt HAT 0 eV 2|

ENEERREE

(al T> 0K
% AU AT o[- g (b) T> 0K
o FA THAMS F 9 Terw

97 14.9 T> 0 KW (a) n-T&T F Ao a9
(b) p-9FR 3 FHEE F FA S

SETETOT 14.2 A olitaw EE s Si e # 5 x 10°* W m B
wEEASt As 9 | ppm FIEA W SAAETHE fRe S 21 seiwi a9 gl i S
wfwfem #ife, &= 2 & n=1.5 x 10'° m®|
T e R, 7@l At S S 9 Ser Teree (i ~ 101 m?) stafhsm
Y 3o TelwRAl Bt ger § T 2
TG, n, = Ny,
Efﬁnenh=ni2,wm€ﬁ?ﬁﬁ'ﬂm
= (2,25 x 107 /(5 %105

~ 45 x%x 10° m™

=0.01 - 0.05 eV

¥ InpBioe
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http:/fwww.mtmivu. U/pfk/funke darniniai/diod/p-n_devices htm

p-n E grare W T qar e

A fgw (emarE)

T farm

14.5 p-n Gt

p-n T (p-n junction) Jgd H s it S8 gHEe, it o1k &1 g
TR §1 AT Ae=es Afeal o ey & fou 6 & SFaer & HHeE s
Teequl 21 9 TH 9% U 1 TAH HO1 R R o o1 Frafor S giar & qen
ARl SV aieearat (52 7199 +ff Fad ) & e | FiE 9 0 71 =e=r
w2

14.5.1 p-n G @1 Fmior

p-FFR & Tafemsia (p-Si) Ad=mmr &1 wdel Tefemm (Fw) W =R @i
UfgE &9 9 UeHAsRh SAYfg i 3Ty " THement faRdlt p-Si eforht o e Wi
%I n-Si ¥ ufafda fFa s gar @1 ot anefemers &1 fmfor & &1 aga-dt
Hiward ¥ 7 Tefenl § p-6F e n-F 99 p- 9T n- 861 o S U SRl Gf g
Wp—nﬁﬂ&ﬁﬂﬁ&ﬂmﬁwwgﬁ?ﬁ%f fa@or (Diffusion)
N ST9ATE (Drift) | 30 78 W 2 f fohdfl n TR o A=rers o ol 0 Hied
(W ThTF STPaT | ol i SE=AT) el i Wigdl &1 o § St 2 21 g5
G p-TehT oh A= | Blel i Gisdl el Sl Hisdl i qerl | e att
2l p-n G & THOT & WWE, 991 p- Ud n- Wolhl o T W WIET Weurd
(Concentration gradient) % HRY B p-FeTR T n-%eh (p—n) = faafE g
F T TOERH n-Hed | p-Telh (n — p) F1 AR TT8RE 2 ) e aRH F 39
Tfq o HROT W E Tk FRROT 9 Wefed w6 2
S R1E TOEEF p ¥ n ® SR foUld B § 9 98 o0 1e % At =@
n-eleh T BIE 4d 2| AT S Ta1 (6 69 =R S ok TCErILE g e g
Q?WW_@HT%Ié@féﬁsﬁaﬁﬁn%pa—ﬁwmﬁﬁ@ﬁaﬁ%,ﬁ?ﬁ&n—
ek W EAET HI (I SACHR WA ) T W fawiad g S 2
Tl YR, S 1T Elel Wigdl WevTdl o HROT p — n 1 AR Toaid idr ¢ ot =@
A T Tk A T (FOTeHS STET) Big 31 & S 9=t 2iam 21 S-S/ gt
fagf 2 €, RUHS AEY (RUCHS WE-S 45) B Th TH G o
p-WheTsh T Tafad 2l St 21 Wi = 91 Rl W fasiad 39 WY 67 i
%Tx’ﬁ&??f(Depletion region) W%I%W%WWHW@EﬁﬁH
& AR-R ARk T o9 o) € o $eh ok SAESi o € 1 3 9 3d € (T
14.10) | 39 3 &5 Ft URTE AEH R S T5d 91 Hi FHife
i fan 1 B E1 WP S e TR WS &6 99 p-
—> releh O SEUICHS T - =TSl &5 BH o shIul |y 91 &M

o SRR § FOMCH ST 1 S T T & 300 & < 2
Soa® n TH &9 o HRO |Y o p-Heh F1 Loeed n-Thelh & SN
e T T % n-TheTh 1 BE] p-Thelh H AT TG FHIAT 21 T
— fagd & o5 HRON A AEHT I TH T Bl 77T Fad 2
< T &

o7 14.10 p-n °fa 577 = wfE=
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9 Y U ST9aTE O S for forewer o o fauda 2t 2,
YerTed BT SR w2l & (75 14.10) |
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TR Sl eh! - Y&,

FfeRTar qom T e

2| S-S Torer i 2l St €, W o ST Weh! W ST
ST & feraTfia 2 S 21 3o fag & & doa & 9fs 2 2 fowe
HOEIET HTETE O/ ¥ ot ghg B 1 9% ToRH S WEA a9 =omT Tl
2 9 a% fF 3 A1 amd (FaeRor awr 9o siverg oRy) aRare § qee
TEf 2 W 39 ¥R U pon |/ 99 S 2| Greeren ¥ pon 9 W
FE 92 faga a7 T 2

n-&3 ¥ oAl F1 20 99 p-&F | 2 &1 Witd & R g4 &
FI 9 & SN-UR T faueiat Sa— 2 S 21 39 fave S gaar 39
ThR Bl € Toh 9% AT GEhi o R FaTE 1 fedie wiar & foren
ToferEy e St ferfa s & Wil @1 e 14,11 F gy 6t
HreTere | 99 $6er THY & st Tasraiat sgitan T 21 n-uerel 7 see
U g e p-uEred J goie wAfsa Ry € 58 TR p-uRdd o e
n-Tere SRR ¥ S G n-85 ¥ p-gF &I FR goweH &
1 Th 1 TAE HIA € 4 3@ fa9a =1 U U7 999 (Barrier
potential) Fad 2

IETEIT 14.3 F1 p-n HH A =% A0 29 p-FHR & A+ FI TF 1 H
n-TFE % e 9 ofifdw §9 9 G #Y p-n G e W g €7

e T8I FE o 931, AR TR € waa @, ST-wAeE e S (-2 |
3 A) | FE v Gl w I ey T R W s queh (S1gE
A Hoek) HWS T | WaAEd B Alet e el ok faw Wy uw fafesera

T T TAIER FN

14.6 zreiETee SMES o_| )
7

e e [f99 14.12(a)] 91 €9 H TH p-n 94
T & formeh fof W efea Woeh 92 @0 € Afw @ oA o
T HIE d dcedl SITEd i S Wer| 39 gfad oh & fHae
2Y B A= =S & gdeeaE €9 § fa 14.12(b) ¥
et feman T 2|

a1 faem afturdt o S9eR foRpd | w1 feem e
Ufert (Equilibrium barrier) =t S=idr 2| (vefe THTE
sfafeTeh MM (Forward bias) 8) favya & =@ &
i W =TT dieed V S T9gEd ek uiarda fRan ST Hehar 2|
p-n 9 TEE H fo1 forsll smae o g ¥ feufq o=
14.11(a) 927 (b) ¥ =2t T 21

14.6.1 3WfEfrw a=d W p-n @iy SIS

O O

[SISLS1)
006

P oced n
0086
oeed

+—F
(a)

[

(b)
o 14.11 (2) =9 = H
(V = ), (b) Ta fameli = =5 =fy
EZREEE]

(b)

o7 14.12 (a) sH=RF TEE, (b) p-n HY

TMEE F T

4 TRl sTd=Terk TS o 1 T o o9 *E |l dieedl VIH TRR SWE 6
ST & TR 92 #7191 2ffTe p-Forh | 99 w7 2f e n-thoih © TASd Hd

¥ [f 14.13(a) 991 (b)] @ 30 SR Fr9fad &ed B

IR AR Feed UG A= S o A & o fa WOE 2 aen
TP o p-Telh A9 n-Telh T e 09 2T € (SHhT HROT 9% € TR B 481



ieﬁﬁﬁ

—»| WH_

T 88888

E

&5, 98 @ W@ HE SEw TEl €, ® Wald n-wes SEl p-helh oF
HiRIE R qoFT ¥ STeafesh g ) | STwEs divedn (V) i e sfq e
(built-in) ﬁﬁHVa?ﬁqﬂﬂﬁ%lﬁﬁ?W Bt TR HI TIeE
T ST & de Ao S F 2 S 2 [P 14.13(b)] | SR e
e et S (V, - V) B R
ﬂﬁwwméﬁﬁwﬁmwm@aﬂaww
Bl ST, qAT Shefel o & A& ddh 5 goadd Sl &L W o, 9gd HA
e # °fY w1 U % fon stevae S U e uid, o7 % o

—_

(b)

o7 14.13 (a) swfzfe sma9 o

pn_“l"eliﬁﬁ?'l'fﬁ@

1) fom =8 A, (2
aim‘oﬁm aeﬂ

Eﬁﬂméﬁ%rm

4 p

r1
G| IRl
w3

1008 -
000D
1 000P -
EEr
- O0ad -

oI Wefad 2| =S 29 STuge dieedl § il dfg L 2 af st S

1
§ HIH] T ST T e &A1 | a1kl i WiH TR L o fag, Aawdes
v, S U & SO 3 YR fage oW § ghg g s

STYEER dleedl o HIO, SOERM n HeRk BT &S H IR WY
p-Fok R TE € (SET 9 e aRw €) | 36 TRR p-Hork & g
Y I IR Feh n-Folk W g © (SRl o STeuisl ded €) | i
I | B 9l I3 WA hi AT d1Ed 3 &9 (Minority carrier

ﬁ%‘mfa“a injection) Fed ¥l WfE F WM W W Feih W, WH ¥ R Aafted e

T arEeR @ Wi F qer §, STeue araw Wi § e g @ s 2

)5 A g W YA % FR p-werh H WY % AR faeRd @R

p-FeTh o T TR W UEE W9 €1 T YW n-eRk &1 G <k

R ¥ T 2t n-wers & Tl T W wg=e 2 (ot 14.14) | ST

TheTeh! W AT ARSI Hi IH TG & FROT Forg =0 yenfad @
n 2| e AR TS S R W Fiel TeERoT SN G Soiee TeeRe

%wgmmwﬁmm%lwamaﬂmmm:ﬁeﬁm
o 2 7

14.6.2 UITTEIoeF o9 H p-n WY SIS

forg 14,14 swfafos o o seqy S [HH =0 @S o G 6 & |= ®iE w96 aeed (V) 39
FqEF FAHT (Minority current SR HAJIHS hid Z o Selt & o7 2T @t n-Forw & 991 B/

injection)|
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Tt 1 p-hek W Sied € [ 14.15(a)], 91 <HE i ol
TG (Reverse bias) F8d 2| SIS Sieedl &1 Al fayae
sTef=TerR o B & oF Ta W Ea 21 Te ST divedr & fan U fave
1 39 & HAE 2 2| TH HOTHEEY Ul H SE 98 S @ qen g &
w1 ek ¥ fage ¥ ufEds g9 & SR gfg 3 S 31 uveEtEie 9o | g
et S (V, + V) Tt 2 [ 14.15(b)]1 78 n — p F AN A & FaE@
T p - nH AR TS & Y HT AT T & TH TFRR, TEE & AUEF TEET
w1 g o 39 Teafa & fameor a0 stcafass w8 & W 2|
Ty < farga &= 1 faem U 2t ® fF 4fE p- %o W IR H9dl n-%erk
R A AT AGwE T FE FUF G & A o W, @ S ST JgeeAs
g3 H O fa Swm| 1Ay SEdl oF W e & FRUl TR 9 39 2 e
HYSTE ¥R S LA HIE BT Bl 2| THeb Aeqed H B4 BT 6RO 98 & T A&
eI i A Ik AT Horsh | HiY o Il 37 9gHeHh Helkh i SR il
2| SAUfafeTes aoee H SETE 9N (FEEE: pA ®) off g 8 Wy 9E o e aeent
& HRO GN (mA ®), I o § T e 2
TMAIE TdT &1 (Reverse current) FIUYE died W AT R 7=l 2|




TR Sl eh! - Y&,

FfeRTar qom T e

I ATEHT 1 W o Th Helh O gL Holh O T o o @7
diveal €1 qafe g 81 OR SATEe divedr o qRemd gr Gifed T g
R TE W F A Bk W STTUIS STEh! i WiEdl o HRU WiHd 2 2

qy=Eee Jee ¥ foRdl Hifae q9=ai¥ (Critical reverse) dieedr
T TR ARYd &9 ¥ Sieear W At TE Fd 21 3 divear w95
giced? (Breakdown voltage, Vbr)aﬁﬁglaﬁf V= Vhﬂam@qﬁﬁﬁ’ﬁ
I F 9§ 9fg 2 {1 7T 9% TR 9o dieed ¥ oew 9fg FH W
ff 9§ FAtas aiady 2 s ¥ 3fg ki g w1 S e
g g AT 9 (T Seaee g)1 fAf fovn T ) = Wi
F T2 S a1 p-n 1 T 2 S| Afs T a1 o 92 S1qHd 9H § Sl
3 T a Saa BR o HRU T TR & S 2 O a9 o & Sl 1,
S T SRS T 26 9 e a0 STHd 3 8 sfhsw 2@l

forslt T o VI SAf9enaiineR (Suge S T dieedl & wed o
FU H o1 1 fa=1or) F1 1898w o fau ufer s =91 14.16 (a)
e (b) | fe@ma T 21 TEE W aieedl & T uRelREEe (A |
Frefseh ) © SRt Siigl waT & Fed SEie W ygsd &t T8 dicedl i
ufafda o ST Sehal &) dicedl o Taie= aHl o ol & &1 91 "¢

O O

—»| W Je—

P

20Cce08
00o0DD
000088 n
280008
CISioh Bl

(b)

o 14.15 (a) Tvafafier =99
H T (b) weafsfers ara |

fore ST 81 V 3R [ o6 o= U W%, S = 14.16() ® fe@man T g, o
Zar 2| e dfse, sufafers s qvE o fau 2w faeidie &1 SuEm % 2
FifE (S Treel e & HHmE T o) eruferd am sfuss @ Wt fawia
T H HH G H AN F AU UF AR w1 SuEn R S 2| oy

I'(mA)

100 —
80 —
60 —
40 —

20 —

Tifira T

ma’mﬁ'\a (V)
V.
I!>]|
P n
Val
Tefitei=
(mA)
/J|/i' ‘ﬁa‘n’
LA™
1(|)0 8|0 6|0 4|0 2(|)
= v
P n
/1
(RA)
‘Tﬁ?

T b

10 —
20 —
30 —

I(pA)

(c)

[ 1 L 1 4
02040608107V

o 14. 16 Tt p-n 54 =@ #1 (a) SR &, (b) =ikl s ¥ vi sfvenafos

eI o WA iy, (o) e fafawe e o wfawdr v-I siftreneafore)

483



W Aifqe!

3R 14.4

484

(14.16) W 3@ Herd 2 fop arufafyre so@ § &R & € 59 UHT 9 agd el i,
TS 0, et & e 9k ok Sl W dieed! U My 71§ #Afoe 7 8 )
T AT dived! o 9% TS a9 dieedl | 9gd ofg-H g gfg w9
T g | el (Rt ) 9fg 2 S 21 92 deedr dgef aiegdl (Threshold
voltage) &1 H2-F Fivedl Fead! 21 39 dieedl F1 HF SRAFIH <@E & fag
~ 0.2 dize 99 fafasa 2@E & fau ~ 0.7 9% 2

TyEfEIE SE ¥ SrEe o 0 SR 9gd ®H (~uA) 2 8 den S § qitedy
S olsi ) E‘meaﬁj\%—rﬁ%l%@ HFﬁV?f{EF-Ff g (Reverse saturation current)
FEd ¢ WY Fo Ta9 Yoo §, agd itk qvEiafyrn 9o (SSH dieed) T HN
¥ o= gfg @ Wl 2| SEE w58 fasw R it faese S eTe 14.8 #
T &1 WO 29T ATl TS YA WqW GW & o S0 STE T2 Ry Wi €

T G T fae=r 97 fa@ndt & fF p-n SEE 99 9 9 oW & YATE &I e
ek & faen § (srfsfoes 9m) widstad war €1 uvEtaiye 9 wiakie w6 ger
¥ sfafe o9 WAl wH A 21 39 O 1 STAN WAl (ac) Sieedl o
fameehton o fo famam T 2, TS 3TTet 3199 o WHemen T 2| Sl o fou e
T w7 sifaw U 99 7o wfovy wed €, F U dieedr ¥ o UiEdd AV A
o om0 ¥ o1 ufEds Al 9 & B9 F uienfe w €

AV

rg = N (14.6)

TETETUT 14,4 Freh fafemei s &1 v sfienatres fa9 14.17 9 =9t 70 21
TAE H A (a) I, = 15 mA 741 (b) V, = -10 V R wfwfaa i)

I (mA)
30

1= PR :

0 0.5 0.8 V(V)
@ r 1pA

1417

T TAE AT ®it I= 10 mA ¥ 1= 20 mA % == Tl 3@ & WY /e
TS Aol 55 9 ol ¥, 79 oi ok TEm W WMo wie g Wi W aider
Ead-c i
(a) 9 9 I=20mA, V=08V, 1= I0mA, V=07V T

rp= AV/AI= 0.1V/10 mA = 10 Q
(b) 6 A V=-10V,I=-1pA%

3

r, =10 V/1pA= 1.0 x 107 ©



TR Sl eh! - Y&,

FfeRTar qom T e

14.7 Wty STEE o faedRl o 9 § TR

ot W TME & VI SAfenaie: ¥ &0 7% 359 € T 98 heer 9+ fagg o
Tallad 2 21 € STl 9% Sufayeh aratad g1 8 e 4 fhe eEie o ol ™
T TATEd! Aieed] SIS Hi Y af =eh oF hael 41 ST ¥ 90 § o1 waed
TN v =EE S Satag 21 SEiE % 39 07
YT JeATEd dicedl 1 e F H e < € a0
T\ F & fou fow ufwer &1 S & € s6 Read
FaEd 2

JfE ee oF To W &iE Jerad (ac) dieadt SviHy

H AT e URiE R, oF W9 ST 61 S O oS
o ot W ohdae ac e o 39 sidf=se o fomd emle
SAfEfeeh STAMad ¢, U THaA diced! giem=R gl 3
TR T e IR fomt 14.18 o Tagd uiwe § goifan 2
T F TS a7/ e uius wed € IEwER B
e et 2fifFer A 9o B W af®d ac Seedr w1 ©

sTyfd 3 21 5o A W divedl “FTcAS 2t € 9l SEE
sTOfaferr SAfd 2iar € 99 92 foa € 1 =eH Sl
2 9 AW diweal FUCHF 2l 2 9 SEie weEim o
qETHd 2 2 3R g fagd =em T8 T uveras ‘g
E IR et e B sl B ) e B A e L

SR FA & T I WM ST o 2| (S W
Yta S Sieedl 1 " JEHTHL &1 fadtaes el W

(b)

TR ac dicedl &1 oMl § SI%! 3tk AT =18 arfeh o 14.18 (a) switt fawamd s, (b) feemd

TMEE Tdd 999 ¥ gidd @ 9e61) :
THIEY, ac dicedl o SRS STE=F | ais Wald R, R
Y forgg o wenfed B 3R =H 9 14.18(b) ® =9y, s/geR fiq dieear wra 2nf |
T RO $Te=eh | Tagd & U @l 2| STel HAeHe SAd=he o 26 R ffa
dieed U 2 W YR, ffa sieear w=fa sl off ufiedg € g 98 ohadd T
# o # wiaefeg @9 & SROT RwRT FEad €1 S 26 ac T & had T
& opefeek o Tl divedn e @1 @1 2, 219: 39 UR9g B -0 REdR] wed 2
o= 14.19(a) ¥ =¥y T ooy # 37 SEEl &1 SUE wi U6 UH uiuy
S H TR 2 THHE ac I% & S0HF TF ROTHS S & 1t § aeged
faseepa Frid aivear e 2idt &1 seifer g0 aftwer 1 gof @7 et #ed €1 398
2T SEEl & n-olh] I U W19 SRS i 24 § 991 T &1 SEet & 39
AT fg qem ol 1 Tt et & W fag & <y feman < 21
q; feodt qoi 9% fewerl oF foau w1 fadioes el o= A= § Th
sesRTT 95 (Tapping point) W& TR SaT € #iR SHiIfam 39 TEwME i 757
Wm(centre—tap transformer)ﬁﬁ%lwﬁ?ﬁﬂ 14.19(c) ¥ W=
2 fF 7% TR 30 A dieedl oo 509 $eoil | W dicedl i chad
st & ¥ US SIS Shad A1 T R TR AT ®, W § S Yeedt
=51 o1 TSt ®id &| 360 WhR SMEiel o SWales fag aur 9o foprel g
@& o9 TR fag o <= e ffa dieear qof ¥ faseshrl dieed 26T 21 (&M
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o1 14.19 (a) 90 0 fa=wr 9fg; (b) A ™

e D, % s B WerE D, &

fam T fEw =% W w; (e) T W

femsrl afte § SiE T AT R, W
i Areem 1 Tl

Ll &

A for gof @ femrl] o fau us &= ufiuy
off i & former forw we FohmEl g ot
HATETAHR T&1 T T SH =R TS =g | 49
T TRl &ror 9o TshTel o A W a9 aeedn
AT €1 T8 T ¥ T 3§ &1 W el SFHT
ZH o HHY B T dieddl FOcHE 2l € S| R
o 14.19(b) # =i T ¥ FE: TEE D,
HUTETYIR S Tt TR =eH HRdl & (S
D,, T¥=(Een STEE & o 0T e Tal ) |
d: 39 ONHE Ad=Ew H 7 HF 14.19(0) H
T HTER Tk T & (Fen oite ufais R, o
TRl oX Tovia eifeean) Wi &fdt 21 96 g Tt
T U T, & A T Sieedl SBUMcHS & Sl 2
9 B W diwedl gFcAs 2| $Eien e D,
= T2 HIT, TR TERE D, TIe F €1 T
YR el ac & 0TS 1€ o | off fiq
o (9 R, W 7id aiwedr) fAerd 81 39 W,
ZH YAIHE 9 HUMCHe <Ml & A =% #
(Flq, TR w=E #, gof o & wwa #) g
e THet 21 Tweda, fawe sieedr o1 & 9
FH o U T8 Y@ fSewid ¥ SAfas 39
gfme ¥

I UHR W fS=dd aicedl Y SHEH A
(Half sinusoid) #hfd & &dl BRI T
THTafYRR 2dl § W TRl AF el T g
weaH =eedl ¥ de frfd o w0 & fou ffa
et o o W (R o Uwd ) ;S
FeE T 3 21T e B % e
oire Wy R, % Soiww § H1E i 9 At
ToaT ST Tehd 2| Sfeh ¥ AT ac SfHHRT 6
&L ftheetT leh 3G dc Fieedl Y& Hd o
T 2, 37; 32 Tthoed @ad 2l

58 A Theed # Wuid &1 gfaewr &t

fere=mT | S i oF T W aieear ® 9f 2 @ gl & d 98 AeRE 8 s
2| Afg afy # 1S sTe1 e 7€ € 9 T faeed fl &1 frer dieedn 9% AEiE
TEal 21 I ufmy 4 SiE die € 9 92 die 9 g fagisid g9 o ar @ 99 sk
ot W diced £9 21 ol 21 faweed i & st a1 =p o o= Rt a7 foren
el d STafed 2 £ (Fo 14.20) | Haifim o o0 W dieear § &0 24 &1
I 1 wifar ¢ uime § o gerell uiiees R, & 9fade onwe T
FICTF Hed &, T M HT@1 2| Ffld & 4 A8H 21 o o0 C 61 4 ALk
BT =fen| ord:; Heanfe ew fheed 1 ST 1 W Wre 777 Ficedr fawsd
dieed % e O o e 2t €1 faga W= § = w9 F oo W o e
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ac g ;:C R dc de 7\/\/’\
— o —a ! i e e
iy fia dieea

(a)

(b)

oI 14.20 (a) T fFeex =% Wy 0 901 f=wi, (b) 7 fSewnt F1 fom aq i see)

14.8 fafyre wae= p-n Gy s

TH A H 20 9 U e 1 faee w0 S g9 ' ¥ oY eme € g

et TerhT Tafer= smwaimt o fom ferar T 2
14.8.1 S TEIS

T2 ek Tafyre e st 2t & fget A I9eh AifaenTer o= o 9
T T 2| T NS 85 ¥ uvErareeh sred H g=iel S o foru fowrg T
TR E 9T THRT SUAN Seedl T o ©Y § R ST 81 S ERIE 1 Udie

o 14.21(a) ¥ =0 T R

S ZMEE HiY o p- 99T n- AT FORhl 1 AATEE HAUTH{ET
(Heavily doped) %1 fawrfag fean Sar 21 8ok RO 597 arel el
& FAAHH Ta (<107° m) TaT € 991 T T ToRE & e 5V
T & T TTAEE 9 34 R ¢ AT 597 (~5x10° V/m) Fe E
gt SR 2@E w1 1-V sAfueerfos 5= 14.21(b) ® =wiiar 71 7
TaH 77 A T R e sTwe aveER S gieed (V) SR
THTE H1 A dleedl (V,) % WAE 2 S 2, @t e 7 fage o o
A ATeRR TTed BIaT ST @1 S 35 9 9 9% ¢ R oS dieed
V, o U¥Ed, WEEle divedl W $E Wefw uRadd fey fem &
HATHE N S I ST Gehdl 21 TE VI8 H, SR =M@ 9 vEied
T A O H Sty ufEdT g9 W o S Sieeal Fee T 21 SR
TEE & TH O HT 3UAN fagd smufdat w aiwedstt o fEta w1
H o i & qen agfdat 9 o Sieedr W oy we w64 ¥

Y G I GHYH H TG H T 957 dieedar W fagd =@
ST hY 9% Al &1 20 W 2 T Wl € gefrel (STeieT sTee
aﬁﬂﬁ)é*penﬂ%@?ﬁéﬁn%paﬁméﬁwﬁ%lﬁﬁé
TEfEfes 9EE ¥ oy 2t €, Wi W fagm & meeyel 2w 21 S
YRR A Sieed V= V@ R €5 dea p-werk W SR
LATIESTT | 3 WAISTehdl el sl Sl n-Wetsh i &1 @fd o, ©i=d
o Tou waie =it 21 w1 geleia WS o 9 U 9=d | o o
SHEE B €1 S ToR € o HRUl ST WAt § goeel @
Sofsia E1 aTiafteh &5 ScasH s1Ye ST S el 21 &s
I & 1T sTewa foRd 4 10° V/m Fif %1 21 2|

(a)

I(mA)
v, s /a:wrﬁ:ﬁmam
—V(V)
T(ua)

(b)

for 14.21 (a) fFE S T@E

1 YdrsweAs freao g9 (b) fwe

ST T F LV sAfaensforr o)
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e 9% & BT ° I SIS

T T4 € TR R el #1 fRY dieear ¥ we-S% 2Rt ¥ 91 SuH! faed
dicedl H ot 9% T 8| TR fAewd & frid § wa st de deed 9
T (F9d) de deea W i o {60 20 S S/EE & S Sid 2 S 9Ee
T STHIT Flek oG T, Sieeal ToeeF 1 faga ufiuy emw fo 14.22 9 391t 0 2
fordl AfATA de dieear (feewrl &1 fheefa fid) i

HUit H | G Fiale R 9 24 gU S S ¥ 36 TR

s wid ¢ T S TrTe uvaErafmes sy 8 At el

Sieedt # gl Bt 2 q R T S 2 | afed fagy oW

¥ ot 9fg 2 I 2 SHE S SEE % AU W deed ¥+

Tl (V)

r
r’:—ﬂ

® ot uftad gu A A R, % fA W deed @ gt @ w2
e :;’E THHRT FRO I & TR o5 5 F SR Seear fed B8, T
R (V) S @ 9 v O ¥ ufeds g 2 6 e At e

o 14.22 sicear f99% & 9 °H S

T
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®  Sived Hed € @ R A SR T | FaEd fowpg | o =
S ¥ W T % Rl W aieedr ¥ HE ufedd g fa R,
& faif W fawaua o2 51 21 39 Wb fesft divear § 2 =
Tl ft sl S gis & RO, S AR o FaU W eeed
H Tarl g qiee gU, R, o T W qa&dl S A9 of g &t
S #1 T GRS SIS U dieed] (o @i i s s gl 2 sTavae e
Fieedl & TR A SR A a9 S0 Wfalas R 1 T FE B B

ST 14.5 feef i frafim foga smfd o e =6 fow v, = 6.0 v @i
SR T T STE R I # A 9R F AE 4.0 mA T S @ 96 SEtE
faw siczar 10.0 V #1 4vi qfies R F A a0 7 fes

TS A0 Wil R, H A PH WER @ =fe e S EEe | valed o e
T T g § TR S 7 UE 318 oe fem & T e s 21 s A
W1 T TS U H1 A A B AME, A L = 20 mA| I RH FAlEd T
a0 24 mA Bl R, % o W faweeE =10.0 - 6.0 = 4.0 V | THH 7 W= Fa
TR = 4.0V/(24 x 107%) A = 167 QI FTF TREF & 355 s 71 150 Q
¥ 3T:, T T 150 Q 1 A Wi STEE el A S, qe N
% M H 9ig) 9gH IR 3HE Heed el T, T8 98 Te sAius mee 2 {6
T I, 1 HE WA A LW T St ae e

14.8.2 3MEiEea2i~en W9 femar

T W IF A% <@ ¥ TR A9ygs oga vt o Wy e eEiE R TR

FIEN HId 2| IW SN |, 29 U0 A =Eiel & fawg § stemmm s e

SIS ATEHT 1 ST BIZHT (THFITTFR ST=H) S St 21 39 WhR 1 |1 Fferat

FI AeEdRIF Jal Fed 2| 2R Elated dieRasie afwma w1 sefafty

Ealcpe ol

() ¥ TR SEE (wikiErds) T ST g ekt (famet) &
G | (W WYE) F 2

(i) W77 g ST9iS (LED) T fogd St i WehTeT St § FUiaig sid 2|




(iii) PiEie2rT gfaal, <it GRS Tatwon o faem o
TARE (TR GaT) Hw £
(i) wrEEEE
HiclerEie i U fafyre wisH p-n O 2@ 2 foad
Uk URE TEgwt g6 €, FNeE weww-fat TEE W
T WAl €1 AE vAEIE a9E ¥y e g =
HIIEFERE (hv) 1, S fef sTef=rems o i ave ()
¥ sk 7, % WA (YHTET) 5 W B € df Wi
& S o RO T2 & TS S 2 2
TATE 3 WHR T, 91 2 fF e-h el 1 594 2HE
3 BT € ¥ o T Y 2 21 R o fE a9 &
FHRUN O q9T Bl AN § d ok 8 W 2
Torge & i TE9m 99 YR 2t 2 T geie n-herh T
T el p-helh R Ug=d €, TFeh 1 U emf ST
T T I THR T FIT S Al AT B I € At
faed T Yafed €M ol ¢ 39 W faR OW
GO AT TSl Wi dter WX TR L & (W
Toga “IRT STufad WehTeT 1 el o SR 2t 2) |
7T STEM § eroT TR = ek € T AfE wwafafos
AEH & A WRT ®T digar | qiadT o e fogg ow
g TR 9fEd 4 21 T TR R wieEEE w7
IYHM YeRIR Toel o Hg=A o o gm 99=s
(FISEgEF) F1 Aifa fF 1 wwar 21 e 14.23 ®
Tordl WIEMEE 1 FVATerafoes w1 |9 & fog faga
afiger AR@ =t T E

TR Sl eh! - Y&,

FfeRTar qom T e

:: ha
p-ReTE n-%cls
{ I ANAA
(a)
+mA
KL EE

I AlE
1
IQ
IS
I B

v

(b)
o 14.23 (2) TS 99 ¥ w5 weede
(b) fafa= W& demet 1> > 1> 1, o fau
qy=tafies ey S|

IATETOT 14.6 7% T 2 % uvafiins Ao w oW (~ Heew W) # ge o
sTfEfor ST Ft uwW (-~ fool tfim) st B 2 A f weerEe w5 TvEiE

A | T F F O FEA 87

TG n- YN F sTEesE W ER w5 Tredd, agEeaE FAEEl 1 F (1) S
Fiel 5 p | g ANE 7 (1 >> p)| W AT W I W, I IR ok

#1 " ® FfE wEN: An 991 Ap 7, 79
n'=rn+ An

p'=p+Ap

T W qW p’ FEW: TEE At TEE W saae a9 e WiEaw ¢ a4l n

T p SH THA HI AEF HEAW € S HE FEE T4 e

O'FI InpBibe

+ o A A A 97 B T R e-h T se0 0 F 0 EH S (Wil s,
FE THEE oNE) WE F TSdt B o7, 9 FIT o aen g gt 2 g,
q weRrer (fafFoi qatsm) st S (SAfafEt EasE) % w9 § S qe al
2| 7@ snd=ner 99 p-n EF % fmio w1 fafa w fei #eE #1 LEDs stef=ers
Frmtor 3 61U Gads, GaAs-GaP 99 st=ers swam e s & e fafweo rasm 489
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TE W T An=Ap 3T n>> p | TEU SEHEE qEwl ¥ (e S (An/ )
TN TEH (Ap/p) F1 GO H qgT HH M AHGR W TH T8 HE WA &
fF Tm-TaE F FRO ST AEH FN IWHARRE aaw 4w § faeeE SE,
s e a0 o fo=aE ST @ sNen SHE ST | AT S Hha B
T, T Wi Tiel e o O wEeEe w S ¥ v e fafm
o 37Em S 2
(ii) F=H3T STOSF SIS
TE T FATHR AUAHT p-n WY < g1 & ST smfsfors amm & o fafwot
T IoHSH HET 2| FE TATE URES SeRT ® w9 FaT & aife g9eh g Sodted
faferyor (WeRTeT) ATET A1 Heh |

Sl e SUfafI SEfed 2 € 9 Sele n — p ®1 AR (SR 9 e aEw
) A A p —n HI N (SET o ST q@F 2) I I 21 W R HE W S
ATEh! 1 HIEdT TTEAEE i Wigdl (Hefld S BiS e T €) i o § sAre
2 W £ 3] WohR W WA o IHT Werh!, SIS aTEeh! i sfidhar 2 Wl & i
T & Tiohe ekl o 1o GAITed &1 S 1 Qi gF R EEEl o &9 § Sl
T Bt 2| SIS ISH] HI Sl 9 A oF W) AU THY FD HH 2l 2
e SIS I HUTEYRR U0 AU Edl @ A ScHrsid WehIel Wi diedl %9 Bl 2
- erfaferR 9w H Jfg S S ¥, Wehter 6 Ao ¥ off 9y 2 = € iR
Tz AR B S ¥ TR A STfefeen uW # At gfg 3 W wm F e
e T 21 W Seusih SEE] (LED) T 56 WohR Saidd fohar Sl & 7 37e!
TERTRT S S&IdT HATERRdaH &l

LED &1 V-I stfenefores el wfa <@ie & afqenefoes o |ue 26 2|
W $IR! 3ECl aicedl ol H FEl A 9o Yok avi o ferg gl foe gt 2
LED i T 959 Sicedl sgd %9, Wdlhicas &9 § 9T 5V Bl 31 o7 I8
HraeH aaHt =En {6 3o TR S=9 ueeEEies dieean 7 &

U9 LEDs S e, 9, T, 20 91 el Ul Seatsid &1 Gehd 2, S
¥ 3uered €1 5 Aef=rerhl 1 SuEiT 999 LED o Fafor # giar & S St s
FH-H-FH 1.8 eV EA A&, (579 TRE1 H1 WagH IR 9T 0.4 um H0.7 pm
2 9ld AT 3 eV H 1.8V a9 2l B) | A Ao Hfemm e wieeRe
(GaAs, P) &1 TH fafs=1 gof & LED & Fmfor § @ 21 GaAs, P,
(E ~19e\/]aa‘r€qa‘|1TWLEDa=|ﬁﬂgﬂm%|GaAs .~ 1.4 eV) 1 SN
:Aol{cmLEDMHﬁ%‘IHT%lSWLEDEFrEEHWﬂW@WEﬁT‘alTﬁW
TR HER A1 § R a1 €1 vad LED fasfaa &3 & for fasaria sqHem
fru =1 ®© €1 3 LED < wfuf i wfawenfyq =3 Hehd 2

LED & &% vfed TRUeh dmueie o s qomn § frefarad oy §-

(i) =1 v=er dieed 99 ST A Sifed|
(i) 31 foren, ™ B & fou +iE 9= =i =fen)
(iif) SeHTSIT TS 1 o= =g 100 A 9500 A, #9@ T0E = § 58 oo (W
sened w9 H TEY) Uw-auil YR IEfsa S 2
(iv) st 31 991 923
(v) I ‘7T’ 2F 1 &

(iii) 9iv o7
GR OeT 901 ®Y H Uk UH p-n °H 2Rt & S GR-faferton & @mufid @H W emf




TR Sl eh! - Y&,
ferqal qem Wel g
3= H 2| 9% BREEE & fHgld (FREwes )
T & wT w2 hael T & S € TR wiE o ey
HAAIIHR TEI 1 ST T W T el §R ottt o lig\’/ikhv
AT & Tl 1] 3Aferh T Sdl &, ST SR04 2
WWG@@T‘WWWWﬁﬁ%l Rl _ 77_41-[‘(—0‘3;1-‘5,,)—,-'—{
o1 14.24 ¥ T W& p-n HH 91 ¥ 0 ™R
ST 300 um HE p-Si TRt o W € fordes H\H\kl
T ek W n-Si % TF Ydall (~0.3 pm) TG faeon ) o008
YT g1 afira w1 S 1 p-Si S g W W B 41 - 5
w1 S (TR TR R ST 31 n-Si WeE & ¥ W o - ¥
T seeie (Metallised finger electrode 3@ #ifash YT TR
fire) FHeifod g ¥ 97 o7 U # §iT w0 F B (=) (b)

=ifcah TS He1 o S5l 31 950 9l 9 (<15%) =Lt
2 qifer 9o R R 9 o afad € Tk
TR T4 W HE U g0 emf 30— 21 FrefatEa

fog 14.24 (a) % wiaedt p-n @y 9 9,

(b) ER o =1 wi=EE A

I ot wfepanett & FROr €, ¥ A9 A € - S5, gued 99 "WuE- (i) | o
e Wt (h > E % T19) o FRO SeRM B (e-h) Tl HT 57 (if) BT &=

o fogd &5 & ®RU TelEgHl 9 Bl & JUHRA| FRRT S
TR n-Thelh 1 X T Biel p-ork ®1 AR =eW 8
(iii) n-TFeTR T TEEH ATE TOEREE AT Wk gRT TUE TR ST
F 9 p-Horh W TESH 91 2l v HOeh g HUE TRy S
#| 3H YhN p-hodh FTHS 99T n-Wholk U & Sdl &
ST ForRa®y Fieldicedr I (Sa—) 2l 2

Sl Tl 14.25(a) # 291lT, SITER HE oM@l @lie WA foan
ST € @ S W TH R 4 L efed 2 ¥l e 14.25(h) |
ot O Bl @1 Wiaedl [V Seenstores @ <3ien T 2

S & I o 98 € R OR U & -V Sfeemefo i
oasTien @1edt o =9 =uter & = T 3| SHE SR 9% € T
TR Gl &2 Tae[d o & ofl oA 9% Tie i faee o’ &6t
aTgfd e 2

UR Gl o fmior o for stest garef & w9 & 59 wyef=rowR!
Fi o ¥ TSR ST HaUe 1.5 eV o ke 2 21 9R Tl <
fermfor = T T 2 =t sTieers a1 S Si (£, = 1.1 V),
GaAs (E =1.43eV), CdTe (E —1456\/] CulnSe, (E =
1.04 eV) 517 31 ¥R deil & i & fo v & < %
o qe Fdifedt ¥ : (i) I et (-1.0 9 1.8 eV), (i) AfHE
TRRTYT TSI &THaT (~104 em™), (iii) ST =R, (iv) F=
T Y IUCTST, 99T (v) T A AR, UR G B gem
21 o g3 oF WeRT¥T o1 HATEARdT 7@l aldi| g S FehmeT TRt
Tl o AAUA W AfUE 2, ST 2 Gha 2GR Hat &

7]
=

EClcite i
(b)
forg 14.25 (2) TF Wfoed 934 p-n |4, (b)
AR Hel ® VI ARy |

SUE STE ¥ SuE B9 ATl serie AfwEl, sale ol 9 39 Shopered

o1 Tl oyl o fo off femem STam 21 92d YU W 9R ST 1 STET w ok fo

FH A & Widied™ Hall HT ST ATHEE H fawg ¥
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39N 14.7

IR 14.7 91 Gt o To0 Si 1 GaAs e 76 a1l veref o= 22
T = I 2N aren §R fafeor e fee 14.26 ¥ femmn e 2

&

o fafeorar (e

v

10 15 2 3
hv (eV)
= 14.26

Sferha daa 1.5 Tee dice & W 3| THRI-S9sH o o, hy > B, |
e Ty AR a1 92 Sa0d ~ 1.5 Toid diee a1 SHY %4 2,
% fom | Sl & TR BT TG =S B I HAEE 2| fafasw &
fel E, ~ 1.1 eV (309H die2) SW(h GaAs @ et 72 ~ 1.53 Teiaeg
diee &) aredel |, STUerhd ATt e T o HRO GaAs (37 o
Hq T W +f) Si ¥ T =1 B AL FH Cds A Cd Se (B~ 2.46V)
S Tt R I A TR Rl o T 29 HR el & shael Se Sl S
T FEHTCT Y Tehd & 3R 1 o Ueh Wik ST ol ShiE SO @ &l Al
T TE 321 € T T PbS (E,~ 0.4 TN awe) ¢ e i &
UM H, Gﬁﬁ?ﬁﬁ@&wﬁHé?dqgwl == v o fom
hv > E, %1 9fdad g w6 22 AR = ww w0 a 69r fafwo w1
SFeTeRTS T UR W B PO WA WA S @ ST SR g &
T o 39 U TE UEaT H & o FHOT Seee 2id @ Wl g
& fou & wed € % gew S dhaol W gw ¥ &

14.9 wf i

T 1947 H e oF GRS o IS FARmen U.S.A. o <. aReH
TN TS UA, 9T I ST B T8 oo Uk o5 weh gifeex ol Ugel |iM
I &1 AAfawhi 1951 | Tafe@™ el 1 3 p-n WEET 61 Th-g8 o 999
TRl i SRt R o

=€ Tk ohael WY el T1q o1, 9 shael el hadhd Sl Sl o7l Tg
THA 2 WY AC-TU el 1 AR, Zo 791 70 2hatel &l [ § 98 &
o fom 3% #19 fgyel 9 i (Bipolar junction transistor, BJT) %&d 2l




TR Sl eh! - Y&,

FfeRTar qom T e

AT S IS Wi T2 T q ot U BIT i e € Fed 21 ww 29w dere
arae] BJT a6 21 it 2, safom gq fam Tt Gfarear & BJT o fom giferset

I1&5 T & ITFM B

14.9.1 =T : wT=em qgr fear

gt Zifsrex ® o sufafsa & 2 € = faees o0 o= § <1 p-n | s
2| o7 T ? T it oo 14.27 ® <9t &19@R = TR & 2 2

(i} n-p-n TFET — Y n-THR & AUACHE % § G (I A
TS ) p-WhH o HAdeF & TF T (A9R) I goF 7 - 2|

(ii) pn-p THFET — THH p-THR F AR o a G (IHsieh al
TS ) n-TFR & AA0F & TF G (A9R) 50 JoF 7 o 2

fo51 14.27(a) 9 4 p-n-p 981 n-p-n a9 = ereners HEqor I3y
Ty F| fRelt 2ifeet o ot et %1 Ak fe T 2t €1 Seh st T
off f9=1 2 &1 p-n-p I n-p-n TTeredl F1 FTE0GT FH a0 FAEAHF TR
¥ [fe= 14.27(b)] 91 & =g Tifeet o wenfed ®& &m0 &1 faun =wid €1 &
el o | 9o A= feg e
o ISF (Emitter) — a8 97 14.27(a) H 3T 3TIER ML HI TH 3R &I

e FaT 21 98 HeAW Wigw H W A FUHHT B €1 TE gt |

Halfad ¥R & o SgHers AEY aEw hi A qe § g wdr gl
« M (Base) - 9% %19 WS 1 €| FE SFAT ool AT FH HGLHHT Far 2
s TUEF (Collector) - I8 TE 9 g1 ¥§H fhu T qEHETF STSTT SEHRT

o ATHRIIT 9T T GULY] HAT & | TUEF Holh GrIN0) AITHIS 2T & o

e ¥ 9% Iosih § 9l T €l

T TEel T8 3@ ok ¢ T TREl p-n G & Y0 § WY o AR-UR Uk
BET &5 o7 AT 21 el St H Seasie- SR WY 99T STHI-HIES |
T B G S ¥ TRl 2t B e WOl i HHe ok Torw g9 g e
T I FRT G HI WEHE B FHA S S TR iR & et st
Aieedl SHI i STl € @ el & fafu= &= o oew aed i w3 2
Zifsret 1 oo, fo= -9 waieHT & T fom-foae Wk & T e 21

T 1 ST W €Y ¥ 31 TR § fRar ST Hehd1 21 Gol €9 § THH
HERR qaEieh hi id FT w6 T fomem Tam o i femsdt Tomeie &t swmafeda
Ui Seq AT 21 R M-I THeRT Teae & 9 F o §HH SuE e s
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o9 14.34 (a) =9&9 T (b) st®l fg=al
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Y iz uw U SR TREe (Digital circuit) 2§ St FEE qon Fi SivedEt &
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Tz wed §1 e T h wRO FE & TR G GEA1 & qae i FEbd w1 §) ems
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TUTEY St =AEiad 224sl
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B
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(frera) forr 14.37
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i Whd HifU
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& IS S STLET AT S Heh1 SHRT STIIAT i W o U ufer Ty« 2 4|
THer SAfdfted W U S favas=19 qe &9 v el 2 81 U g9 arey
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BT ¥ Uehel 3R 7919 (lithos) T 379 ElaT € el yerrerd:
T 7% w1 ¥ o gyl oftuy foeeh woe fafas e
(o f77) W e &1 f7 %1 faud 9gd B, T 1 mm
x 1 mm =1 399 *f Bt & Gehdt €175 14.43 & U6 &t
o 107 GRefl wiiesk wreror | <9t 7 €1 39 o W g
TR e 2 fao T € 9t fu g W e 9% e
ATl HEISH i 9T ST ek | 3 1 o €1 e g s 2
B = S fraw fama &1 wfa o sTuR W uwied ufwet & S
R S E S A e o quif & sier ST GhdT € (a) YE® SeqET SAIEY Uhigd INuY
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Teft FoIR YNl oF 29 W UShihd U (IC) A1 ¥ ORad H o B Ogd gfaad S OFR,
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