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G 17 ©fve AT Reswd (Electric circuit analysis)
ez

1.1 ewE e

1.2 ofve T

1.3 of%e #f§ Bex t Bestive

14 TET Torww

1.5 Sfe wEee

1.6 Serere favermd

1.7 T A

171 T-3F0 TR
172  n-gen A
1.8 wewE ohefe
1.9 cowmEif oufE
1.10 Wi s RAfen Sotetvyg
1.10.1 Sofasite Bert
1.10.2 Hioga Toeiwg
1.10.3 C¥S#1 (Thevenin) ¥A*i9)
1.10.4 57 st
1.10.5 &% wwsrst RfEss oo
1.10.6 et e afefafee Sotirg |
1.11 e
1.12 Twieme
1.13 e ¢ TeAwE



1.1 &R € T

YR+ ¢

R @R T, VFCHD TET D) WECH SR 4R SR | RG] SRR
FHTEIET Q0 & & & I TN @ G (wwwiworld wide web) T8 SR o
s #ifeon <Br | WET BT ode (R A e ety ST I9eE = |

ARG WIS IR TG IET QeA @ AR WA | @t ofde WER (Electric
network) I TREH TEHY | 9% GIT TN T @2 A Roaras Gfon emfe

el wefbe 20 | dew fg enafie wen o TG TAmn, ey T e
AT AT T |

T 3
G% GIFF T A WACS ARK ¢
o ©fUe TEY F w32 v Roeaq omafs
o n YT 8 T-9e T8 Rewae
o WISerEE ofon ey e R
o (TEAM *r¢fsy JRTEE aram
o fifen amroia Boienm srrm aan |

1.2 ©f%e T8t (Electric circuit)

ARRIR S Ol (it FEANT 9 O @I (Cell) A [ WA @l $fde
SR A ATHLA &41Z (Current) #Heq IR | off i Aae ofde 7T 1wl 6T onafie

o—wwa—o O ]—m\-—o
0'——’““‘55‘—0 o——l k——o

HF——O o—@—o

5@ 1.1
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o) T (FIY R (resistor) WP Linductor), 9% C (capacitor), Siee *fg Gew A
TeAS (source/generator) Bt | (GIe Sl TeomE T &R (direct current/de) A
S[ETTE! @TZ (alternating current/ac) T FACS *A | SSTRE] RN (T L € CF
2AfSq® (reactance) TUFCT X . X 4R L, C 8 R @} TR @ A afea
(impendance) Z =R +jX 7 ¥ (j= y1) ! B 1.1-9 @9ffF1 G 20|

1.3 ©fge #fg Tedr A TeoAmE (Electric energy source/
generator)

TR BEE TR T ol @ wr ofte R T | Tt A BT MR A ¢
ST 3o TeoliT A (OIHE B (emf or voltage generator) €38 &A1Z TART
. (current generator) SN TeAME WG @ (W IIA IR A T AEANTS

SAEATEE T SRHET 37 A (OIBE B A ST (SNHT TeAw I | e (ideal)
(ST BT (T TERT O (load) € SRIZ TICLT A (4 TS WSS W
(O AP 27 | 97 TSR (internal) AFEIN AT | AT (SITHE T TETEA
214 AT T TR TAW AR AB =W A1 | 7 AR U7 (external load) STETSA14
a1t 100 7141 2T O A (real) (DD JeAWRTE 21 e 2l (S AN | =i
2Jr%, e Sl Tam ek R 0 | o7 e afedi WA W aR STE
g oz FIETsie w7 | AT 2R BT TSl @Y IR AT 100 9 @ @@
2 | ARG TS (OHE ¢ ¢ TeAmT TorR RS T | 1 T Fm e
eioriadt Tre “Aa (BF 1.1) |

1.4 TSt TAWW (Circuit element)

TN A TP [ e A weE I9T TAMA I | AT 4R A | (AT,
S, 41Ew, Seolie T TR TEA B | €F A @IIETF TSN o i T
*iat (branch) % T 148 1 wriiE =g fifere Rega affefig, Mafiem a1 5t &g 30
(node/vertex/junction) | f6% A1 ST WMl J@ I TV A THAMLI 43I0 TR
(mesh) B A | GFAANT TRH T T (loop) | TEAR TP T IR ¢

9



FIEIE FAYT | G, W, MiFafer Wi Setmm (passive element) 9R ATHT g
fafiey g S o | S (SIS A1 2317 TeAME JiFT TAWIN (active element)
@GR 97 AFY TR 457 [ |

1.5 Sfee ei? (Electric network)

R, JT, 17, Tesime 3T Setwiasfer xea i@ om My @ifdre =
ANBANE AT T T O 43 Toe wite a0 Jf 20 | W ot wEmele at el
T A 1 1.2 ) g sinf efenw z,,2,, 2,7, 2,03 TR0 e a3 e
TETotel (RRITAT RCACZ | WETPRE (1, 17) 28R 21 3T (SH® AR T T | Q57 wsfaw
2IN¥%% (input terminals) 93 GFANY S B A (input port) TS | @3B (2,2
z#1 el (output) &REEE €5 3R FRefw Wi | @ Seie ¢ e ereem T A
3 o 6 el wiw i oifSe @ weikte @F ABB'AT @AIfETS FE IR
(black box) ST G4 SIS 42 77 T (two port network) #1132 | 7% ¥ 411 FF-NAA
oSG &f% #j9F ¢ FOF (distinct) T SR aff 613-2% TEeIg (B 1.2) 1 37 @3 S

A 3

(O 4102
z, . Z;
. Z3

, Z4 Zg /
i 0"‘“—: SR | ) 2

' 8

o= 1.2

A8 (1) € «I fosfam &% (2) SamR et <IRAR oia My 38 =0 o1 -2 wFe
(B3 1.3(a)) Beom T3 | 7 Bt e (2, 2) et effeane (2,) e 93 o o iR
219 e *heT IR (B 1.3(b)) | SR AT @I TeAWT @A FAZUTE I I8
R T G ITTD AL vt A Rewge T IR | FEreeed I[9a TAmAeE L, C,R
WA WA T | (@RS Tl AR | arRE Seimejfe q3eiiees [<e3eten (potential
difference) ¢ TAMIA FERS 2T IS FNFWAT ARMY 7@, Tfie @31 2 I
(Ohm’s law) (NTH 5787 | G 3751 BT %3 3@ GICH 5T A1 OIR| Sea i 31 oot &esiel
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7 A (nonlinear network) | TIHIG, GITAIS, FRER5E 26fE AT sids w@se sy
SPIRE | TR AR ANY TAMRAT FLT FURNCS SR (S0 5 Wil Rewd
oS et T/ I |

t O 1_ ¥ { }——0 2
' Z Za
| [:}25 i
‘rc o 21
(o) 5% e ST
2
'
F3 Z2
[ 25 24
t! o

(o) BF vy Fravdr
7 1.3

1.6 weTeiY fTaEs (Network analysis)

o (AR qR-91 SRS BT A Hies T 1w | werw &1 (1, 1) ©irte
6 &IMT TP V, 8 [ 9 fufiw et (2,2) offfr @& = (v, 1) (B 1.4) 1 @tz
TN SR e G @ AT WATT |V, 8V, TSN (haR Toiam ey
I ¢ Ay eS| e sreR ey Roswd wET wHe oas Y A
wheer Te 2 | O Ruwwrem w5 s [ARe srfde e w1 = | oo
(1) FHFT O, (2) T TN, (3) WiweTIE el (4) IR 7 @ (5) T
TR |

FPTER ST A ST A ¢ WD @A AY Fre (6 2@mees W 7 widie
=01 '

s iy 3t coIThe @ ¢ TEPITNT AT THRET I JET (B (SRGE TN
Sl = AR € ANET YT AT ST TN A TE= TR |

| o——> e} 2
It 71
) ;
Vi ' Vo
1
11: L ¥ 02!'

o 1.4

11



1.7 951 841 (Equivalent circuit)

G0 GRTPYT (FF0a D5 I8N ST T =W | I -9 I9AL Al -6 Al | TR
TR A WAL O] GTE (OHE 6 YT AR LA | I WETTLT WO 7 (1, 1)
(S5E @ 2R TAFCH V, ¢ L 9 ol ag Qoffft v ¢ | 4@ @2 729w afdang
ol T | QoY TNTHZ, 6 Z, | (DA 916 AL eif@ar) [iefe s o) 9 AR om
fita amif 2 ARTS 21T TRt (I TS S | AT T T8l (short circuitse) 9%
‘ﬁ%@z:ﬁm CATET IO {open circuitoc} TG 1 4R (1, 17) e eifsty Z,(2,2) a8 4
TN AFE @ T Z, - 9% (2, 2) GG T TEACS TF A KA Z, o | 4TSN
(2,2) AR &SN WA Z, . 8 Z, . | SRR WA T @ 1 GE ST HIAGT I3 |

1.7.1 T-g&; FE (T-equivalent circuit)

1.5 o ger T8N e wowe, @F efoanf = 7,7, 7,1 2,2) T/
TENTS ARTA TCA (1, 1) WA MRENHT Z, @R (2,2') TR (AT TSRS AFMAZIZ, |
TSR @R T

Y
Zinn=2 A 2ot L =2+ —23 (1D
10cT 41 T LT SiscT 4 Z,+7,
| 2
<y Za
Z3
Vo o 2!

57 1.5

QFTSNI (2, 2') A AT (1, 1) T TUFTH AT 8 P TGRS LW (Tl A

ZZ,

_ Z,+2Z,
(1.1) € (1.2) = wgasffées Tam 02 SFR geneae afsaier W #fi2

T

Zyoe=Zy+2Ly+Zyc=2, + (1.2)

Zy=+ [ Zo0c(Zioe = Zisey)
2= Zyoc _[i\/ZZOC(ZIOC - lec)] B e (1.3)

Zi=Zioc- [i\/zzoc(zloc ~Zisc )

12



2, efSaqd T I ¢ IS 2eTr O 720 T I R zew 17 Fofww @s
2RTE W ST G 7 ool #Nelfzy Qi3 |

1.7.2 7-9% @A (n-equivalent circuit)

1.6 7 bt n-9eh TR e = | 97 T T Z,, 2, 8 Z. 1 TG FEA
TS| qURTE (4R ¢ [ B Af o IQE (1, 1) € (2,2 WA G T\

1 1 N
=
| O_ | ! ') 1 Z]OC ZA ZB +ZC
25 ' — (1.4)
RSN NS
HZA zc Zisc Za Zg
1 __I_ 1
Vo 0 o Zioe Zo Loty
- (1.3)
5 1.6 L -—l—+rl-—

(14) = lm fREube z, @ (1.5) ® R Rewre z, e
HANIGTT AT RE QAN | 2 3 75 AT 7w w0y AR

Zy=Zyoc Lisc f[zzoc*\/zzoc (Zioc = Zisc)
Z5=Zyoc Lisc 'NZooc (Zioe —Zyse) — e (1.6)

Ze=Zaoc Zisc "[Zloc “VZrocZioe — lec)J

1.8 TySrerE *%fE (Maxwell method)

@2 srfere sfires WGT (matrix) 93 {fen @ecea Sty %S4 (self impedance)
@ #i7~eifdd «fSTNdt (mutual impendance) IS T | (FICAT 5F &RMZ (cyclic current)
efsargt swfda s fr oie vafeR ¢ afear sfda wg fwew 42 1 orelfEs b 2[R
2r1TRS T AR Al ohem A 1.7 % Bra @3l e oret e 99 foalb
TET AL 5F &ML 1,1, 6 1, | 98 2w 2fZe «areey foa miiesd =

13



V=(Z,+Z),-Z],
0=Z1,+(Z,+Z,+Z),-Zl, L .. (17
0=0-Z5L,+(Z,+Zl,

omr 1.7

(1,7) & TR Wil S @ T

v
Ol|=| 4, Z,+Z;+Z, -Z, I, e (1.8)
AL V=2ZI
AN Z=|Zy Zy Zp|=| -Z, Z,+Z4+Z, -Z, e (1.9)
Zy, Zp Zy 0 -Z, Z,+Z;

= @I 3 x 3 efSara s, @z = 7MY (diagonal elements) T b1yt ¢ T
e af*iaife (off diagonal elements) _ﬂﬁ“’iﬁﬁ‘ 2ifa | v e T i Seaw
 (matrix inversion) *1f& AT wivedr IT | gefte,

[=Z"'V

@A Z-l=adj Z/detZ

14



1.9 cTRAIM TS (Parametric method)

aFG Fe TR (5@ 1.4) QTR (1, 1) G ol 9 (2,2) erhs 6 &7
TN (V,, 1) 6 (V1) T [rHGTmer »4fE sl gefeamn ¢ sefis afeqi
TR 73-TI7 TALE ANSAS (1, 8) T FANIACAT T ETH T

[ViJz[ZH Zsz](li) (1.11)
VO ZZI 222 IO ..... .

@ 2 x 2 efestat wilfcsm o i e T3 g s
(F) T4 FelTeE (T TSRS AT T WHNFRNAT ST 0 W (It T8
s &34 (open circuit input impedance) S8

Zuzzi:(vijvo)lizo e (1.12a)

() TeRPIERA (AR I8! Reifte R ef¥at (opencircuit reverse transferimpedance)
==

Z,=Z=(V,/15) =0 . (1.12b)

Iy

(o) cdiem LA eI afeqta (open circuit forward transfer impedance) &

Z,=Z;=(Y,/1;), =0 | e (1.12¢0)
(%) FT I =i Rifvwa @f$I14t (open circuit output impedance) &
Z,=Z;=(Vo/lp), =0 . (1.12d)

(1.11) ANPIRE S GFSTI G AT | (TAS—

Ry A I
I0 Y?I Y?,Z VO Yf YO VO
QA 2 x 2 THAHE 7 = arel it vk «F 5RT Al sier e e e
T |

(1) Yy = Y, = (;/V;), = 0 7 TSR S TTT (short circuit input
admittance)

15



(i)Y, =Y, =(I;/ Vo), =0 9 T oo faffrg 47@5el (short circuit reverse
transfer admittance) L (1.14b)
()Y, =Y, = (I / Vi), =0 T TN wafkfam ereel (short cireuit forward
transfer admittance) L (1.14¢)
(V) Yy =Yg = (Ig/ V), =0 TH TEN Fofi ewaet (short circuit output

admittance) o (1.14d)
QA elfSatyt 2R erret Wi AR A @ FRINTER T TEAITE |

IR (AR (7 93-9R WL B oA (V,, I, Vo, 1) 120 Feee @ W 72l
NS | AT R @-CIA! KEBCT ISR 407 TEDCS AST & | TR Ry,
€ -G FASY ¢ O (1.11) R AMNFACT @7 O |

(vi]= by b} EY_(h hr](li] (1.15)
Io/ \hy hpAVe) By hoAVo

G h GHEOTE T = e 71 RS A A (hybrid parameter matrix) I h-A
W @R @3 TR A s w6—

(a) T IEW SO &S (short circuit input impedance)

h, =h,=(Vi/L;), =0 wn(1.16)
(b) C4E TGN Roifre Bfmw coBw R4 (open circuit reverse transfer voltage

gain)hu:hr:(vifvo)li =0 T (1.16b)

(¢} I[7 IR TR 27" ﬁ?*fﬂ (short circuit forward trnasfer current gain)

hy, =h,= T /Ty, =0 - (1.16¢)
(d) & qda] fsfae A rs {open circuit output admittance)

hy, =hy=(Io / Vo), =0 e (1.16d)
2t Tl 7 ¢ ererel Wi Y-93 e AP o3 93 @ | @

AR (TG T T QR ATITSOR CHTA (Z, Ty h aiffm w3 Rfew b @b,
47 4% G, h,, @ b, WA h,,-97 &I (@R, OZ @ 7w A T

16



h-3f% TREER wEdl AR T | @wR—(1) h-TR T e S ww o,
(2) h-3fR IER Rewrars 2T € Far® TN TF | (3) 9o FRE oS afen
0 | (4) BIRFANSRA (audio frequency) CFLE h-A1M I A | (5) @& Aoy oifa
RTors a3 SR A T IS (frequency) € e B9F (operating point) &1
e 303 /1 | (6) S @ Fefm afbai «z Redem wi [{ier s osg ARTenz
ey == T |

V-1 GEroed h-A g ae 1.8 @ (raTal TR (1.15) T AN (0

yIE:
V,=hJ+hV,
% ..... (1.17).

Lo=hd;+hVg
T TGN R TROA T (O IR SR | T G ARG (T TerAE
bV, G STy efatet b, -7 ! TG | TSN Foferw oot e e o el
aﬁv@ﬁrﬁam@eﬂwmlwmﬁﬁmm ~1-q7 T T | % Beora
%0 eeadl- AT A I AR | OfR @R T I LASRS! T IEAY Jell 7
(acequivalent circuit) 4% STR 2ifSau W @ arret TS FRICT 4L wen g
TS e A I |

1.10 Seretd Borofiniz (Network theorems)

-G T ¢ TR GEeied Rreed @ AT &) 92 SHemaff IR SN W |
Tl Bl (1) THRMS TA5IM (Superposition theorem), (2) LI CEAE]
7% (Reciprocity theorem), (3) (AT THAAM (Thevenin’s theorem), (4) WoR TAAT

17
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(Norton’s theorem), (5) 599 =391 ﬁﬁﬂﬂ_@"i"ﬁ‘ﬂ (Maximum power transfer theorem),
(6) =T o111 (Miliman's theorem) @ (7)2fSff& Teiviy (Compensation theorem) |
AL PRRE] SN T OF TR G2 I A |

1.10.1 TeifAsite Soeiim (Superposition theorem) :

I T8 Sty =ifY Beoime © e afbaiyt T P e e @ WidE
ez 2 Sl = Teoiimtan & 2RIt (B%7 TR Wi TR IIT @ AT & AN
TG I Sl oM Wt 2 7R SRS |

[ 1 | pamm—
vi Zy Za Y
2
I )|
211’- I‘ 9 Z;_;,
B 1.9 .

1.9 W fora 72 wFre 73 @3 IR GTUT TR | 5F @ 1, 8 1,9 7
GRTFA (SIhE TeomefE T V8 v, TR Sered elfdqnefe 1w 7z, 6 Z,,
M FA FUITH A | (1,7) 7R AT Sl syenerys s/fs 3%’ I N

V1=(21+22+Z_n)11“2212

V,=Z,l, +(Z,+Z,+Z,)1,

[Vl] Z)+Z,+2Z ~Zy ]11] 8
IR = S 5 45 U1 . 1.18b
e adjz:[ Dz, z,47.42 |

._ 2 R T A (1.19)

R detZ=(Z, + Zy+ Z, ) (Zy+ Z,+ Z,) - Z,2= A

AR (1.10) R TN W @Y T

18



I ~ A Z,+2;+7Zy -Z, Vi
- I T T SR 2 | £ 20 e (1.20)

GUH (@ V, (BUHE e Woredl ofeq Z, SRS (WY & o AR
TEACE T8 TAA 5P LAY AR a1 AR W I e 1= (1.18),(1.19)
& (1.20) TN (S #12

[I']}:A—I[ZZ +Z; 4+ Zy, -Z, Vl}
| I, -7,  Z,+Z,+7Z;jl0
STLONT V| (OIS Bertvrad e 2fodi TIEe (Y & TS W IS
T T TR A2

I Zoy+Zn+Zs - 0
Llop-t|f27 o372 Z Y (1.22)

(1.20, (1.21) 8 (1.22) %2 AP (RF 12

I'1 . I“| _ II

[rj“{r'z)“(lz] o (1.23)
LA TR Toromm 2fe 3k o Beiimr Rfen w=iess onhe Semiad (Fig
AT T AT |

1.10.2 UfSTT BoolWT (Reciprocity theorem) 3

Wae TRl @Al gl SEE 2R ww a3l FEE Wi Ty AR I0E T
T o & ST @ =¥ e @ Bl wie ered e | wefle s cendw Al
2/ BeoAMITT TES ARSI (UIBRBIR @ wRE AT «AfFwew = )

% 1 — — I
v & Z3 ‘ll Zy f-' Zy [V
| Zz i s ]zz Y,
S ) R S %
1 )
&) f5a 1.10 (=)

L T G ¢ TEeRe @ I oy Sews Femw (BE 1.10) 1 @
(1.18b) T @A SER V OR Z, ATEETF AT @FTR1 I8
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0) \ -Z Z,+Z5 A1,

I Z,+7Z, ~Z, YV
e [12)264[ ~Z, ZZ+Z3+ZJ{0] .... (129
HOFAT @GCF (Z) TN @A (SHE DA TGRS AT AR S 7w
o [0]=[Z,+22+Zi ~Z, }[I'I]
\Y -Z, Zy+Z NI,
52y (IlljzA" (zﬁzj T J(UJ ..... (1.25)
r, -Z, Z,+Z,+Z \V
@A A=(Z\+Z,+Z)(Z,+2Z)-2,2 (1.26)
TSR L=-Z,V/A &R, = -Z,V/A (1.27)
weffe L=T,

1.10.3 TS TS (Thevenin’s theorem) 8

R Berimre ¢ efexy) AT A0 (I 13 AN T TR 456 QAT EIrhE
Gesiies @ (el eff i @i SR I3 Oon I8 AR o A | @S ot
Bt 2o1 72 2ITgT (4o ISR (ST 6 (USHT] T4 2T TFHTRA T Ife]net T
¥ Termaier wrere efivinefiE @wme R 7R @ T i
L |

L % S
ot

oV “ <3
() Za =)
([j; ) 2
£+
(=) (~)Vr I, V2L

7 1.11

(1.11) % four el #few @ e R | e W0es (1.24) 78 a9
TP e A |

20



Vi (Z+Z;+Z, -Z, I
o) | -z, Z,+zZs+z)in,) (1.28)

1 _ A Zo+2,+7Z; -Z, A%
IL _Zz Z] +22 +Z] 0
@A A=Z+ Do+ Z) L+ L+ 22 (1.28b)

T

| I, =Z, ViA= :
(Zy+Zy+2 )2, (2, +Z, +Z,)
_VT
T 242,
] Z1=Zy,+Zy—-Z, | (Z |+ 244 Z) =2+ ZAZ,+ ZY/ (2, + Z,+ Z)
..... (1.29b)
Vip=Zy VI +Z2,+2) e (1.29¢)

ok @Y TRRT W vV, € Z, @ T IS (SR T O &R |, .

1.10.4 «57 T#%W (Norton’s theorem) 3

*fe Beritra @ aifbara Tar AP @At qE 28 33 TEALT TG AR T3
43 Tow &R TerfS @ o AR T Iomite s Tt ar | 76w &g Tesiws
I, T 12 Si08F o T8 &L @ 7oA &A1Y T ons eifeaiat I4e 7R Y Tt Siewd
wrerEdd e ATSRCT TGRS @2 | 7% A [ 92 @ 2, =2,

|

foar 112
(1.12) 7 o ST SR (LS TRl IR | 92 (1.29a) FTR= gl
-V ~(Vp I Z1)Z ~1,Z
I = T T/ £1/8T Ner (1.30)
Zy+2Z, Zy+7Zy Zr+2Z.
T 220 > -Iy=-V/Z;
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2R T e Besiw, T AUW ey @@ I, G 7 TR (@ @4 AR O
@ Zy = Zy, O [\ Z, TG ©R af¥ae Z a7 TR T &y ¢ (WO @ /oA
ToPITTR AR COI00% @ &R Teoiass AT 787 | STk T (AT TARSAT Voo
T TGS R +BA Toy TEA [ (AT TSRS FACA & |

1.10.5 523 et Ry Totonw (Maximum power transfer theorem)

w3 @ity R et oz wieelY S4RE @90 SIElY (A 59N WI! od FHI I
7% @t eifedigl qR sireitae Sl q1 YN WA | G WANE e afedr W=
g ST (impedance matching) |

B 113

<15 72 2rg RNY e JfFw apteie o WR o3l R smeiy mew = | (e
Botoim SR 7 FEAHT TE IS ARG IR B 1,13 T GF T To IR
oftaTt T, Wlfe Vi 8 Z, 90T TR T G Z, AT IEN, T
I =V(Z+Zy)

G Zp=Rp+jX; @R Z, =R +jX, [ j=/-T) .. (1.31)
I =- b

T T T RARD KA XD

9 o afedrya el

P=1’R; =VR /[(R+R*+ X+ X4 .. (1.33)
BRI HAE! TUGA TR T T4 OP/= 6Z; =0 | (WY Z, =R +jX,, TR YT AWTHA
AP/ = 90X, =0 WA *ig

OP/= 80X, =[-2VPRU (X + X1/ {Rp+RD)? + X+ X )] =0
wfie X=Xy (1.34)
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& ¥ P_=V R, /Rp+Rp)? e (135)
&y smrEA 9P,/ OR, =0 WA AR
8P,/ OR, =V 2/ (Ry+R)? -2V R,/ Ry+R)*=0

@@ R=R; e (1.36)
HTIR G FWO P, = V.2 /4R, e (1.37)
o efeagef# Z =R, +jX, =R;-jXr =2, e (1.38)
widfie B ] TONCER T aAfeE SRt | (A S wel
PT=VT2/(Zr+ZL)=VT2/(RT+RL)=VT2I2RL=PMX e (1.39)

FoAR P, SO HAG P97 WL |

1.10.2 Femm ¢ efefiZe T9ivivs (Millman & compensation theorem) :

Wﬁ%ﬂ%wﬁ@ﬂﬂmw@mﬁvl,vz,vswm@ww
&R Y, Y, Y3Wmemmwwmﬁm
TeAvE W

V=(V]Y|+V2Y2+ V3Y3),(Y| +Y2+Y3)
e (1.40)
AR T AT Y=Y+ Y+ Y3

2fSRfEe Topvmy S @i feqier Wy @ T2 @ erhe TestmE
AR A | €3 (OILDY BT wWereal alfeqil ) ok AT TR AT W
(SIoeE 3E (SIS |

1.11 ™Y (Summary)

| TR 3 =¥ A SeolT @2 ATy T | TN A A TY LS AN |

5w Ber/Tesimw ¢ WS waw SRoEe @ 1 ey arsw FREN T ©To
Besiras ¢ WS Tram o[z AR 26 T TeAWT |
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3

4,

10.
11.
12.

13.

14.

TEN BomI ¢ @I, WA, 47T, ¥ T T

TESY ¢ HEEH T IS T TEw | [en Toiwin @ 3 wEe weeie ol
] ) 3 I 7R 6 Ffea 73 | 3Tee 12T s 3 |

. 79 6 CAIET T 3 S A i @i st 9w e (R - 0) PRI 9= o

YRITA (R — o0) CUET IS |

. T TSR 2 WhT JlETeT e @i A AR THAIE T3 &St @ Besins TR |
LT 6 n TN 2 XA T ¢ &F n Twaa T T |

. TRETTE S ¢ 53R [=2-'V @A Z-! =adjZ/det Z

. oA orefS 2 @ aifim W Sl orew IR oiE oy | @B sefeTe

2 x 2 A A 2 x 2 TS T 2 x 2 N W 92 =1 bR e
7l e R IERERTY 9T 3T IR

Totfoli® Totolws 8 1, =1, +1",8 L=T',+1",.
m W s Ill =12.

et Beteitey 8 (F- (I M2 &l 3 e @l coithe Beriva @ eifdatum
R TR e Al A

Foa oG 3 (F-CIICAT 4R &8 RN 7 weries o3l ez Besiss ¢ efbarua
AT TR e AT AH |

5N HSt ATy Tty ¢ 2R @ AEF A S wRe! Jfwa AEin 19w
ora elfsatal s |

1.12 wi=ae (Examples)

1. T ¢ ¥ TAF TR ¢
(1.1),(1.2), (1.4) € (1.5) T TN UF N2
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Zy(Zy+2Z;)

Ziogc=Z,+2,=
1ocT ST Z,+Zy+2Z;
77 +__ég3__ Z,Zp - v (1.41)
18C 1 22+Z3 ZA+ZB
tronezys7,= LeZatZa)
Zy+Zp+Z, i
_22 2,4 Z,Z, zgZe e (1.42)
S¢ Z,+Zy Zy+Zc
(1.41) R et Roamt w2 z,— 2228 _ Zallo+Zc) | Z,Z;
VU Zy 42, Za4Zy+Z¢ Z,+Zg
Zo(Z,+Z3)
z =§%"ZA—‘+—Z§2 ~Zy=Zplc I (Zp+ 2+ 7o) e (1.43)
A B ‘C
Z.(Zy+2Z :
B C
2 FROTBA &9 (Wheatztone’s bridge)

1.14 T Bt @3 Spiian sRfee 28600W Bo oriitat TE (I SheTeiRDm
% Sra R, fiw e 1 R, > o0 % 2 9 3 ARRS @i Soiom e
A TN | GCHCE (AT TR (ST V,, = EQ/ (P +Q)

T E Sfoe Terllrs RSRE @ | @R 3 AR P T6M0® R T @ R,
=PQ/(P+Q)

IS Ry, ~» o0 T 3 G 4 FRRACS (ereaiyt Soteiig it V;=ES/(R+S) ¢
R,;;=RS/R+8S)




TR e’ 2 (/7T 4 - TR W = s A e

3R (AT 1Y RT=R23+R43=(

o s
Vo=V -Vo=El 5 g Res

+
P+Q R+S

PQ RS]

AR RO e (IS IS 940 TR HIw el R Teiwmwy etial =1 304 |

1.13 e#=E € TEIIel (Questions & answers)

1
2

e

R A B

10.
11.
12.
13.
14.

(AT @ [ IS (Y 8 AR T 9 (1.7 S0=A WEY)

wiEH ¢ Wien Beimm F 9 (1.4 Lo 423

T TGS IS (SI58 BT 2RNEA WA IS 9 (TAW)
TR ¢ AT W 9 (1.4 SN T3

-6 ANTifEs afR & e (1.8 SRR ¥I)

afEqrs @ a3 RS F @RI 7 (1.2 SERE §3)

IR ¢ TEIY F 9 T 6 wHgE T B 9 (1.5 WEIW T2Y)
2 x 2 MlEER 3 T & -3 A =l 2 (1.2)

W @ T (ST € LR TLF B T @RI 9 TGT € Tesivras wirdy M| 9
(1.3 Sregve% §33))

T THwia FoCe F @RI 2 (1.4 SRR 789))

el ¢ atiret TRefem TRl 98 GErRE Srewd T | (1.9 SRR 39))
TR (oIhE ¢ effEA o B 2 B9 (1.10.3 8 1.10.4 TN T2
TH05M Reea 5El @i AW T (ASAT (ST § @K T ¢ (0,R)

(SH] @ Fow T FTYR e I WA, At ©FTS F 7 bW wae! [
Botemal® Few e e T (1.10.3,1.10.4 € 1,10.5 0N 7))
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15

2217 TEreld 70T & @ITIF 9 I I ARITE 7R-2 W e b i

- B @R RN, o W | h- e e R | asfffre e 2w afd

16.
7.

18.

19.

20.

21,

22,

23.

@4 9 @il G-I R Bra I (1.9 SRR &B3Y)

oifS31a @ et R AfER g TRk R g 1 (1.9 ST 783
r-TCR &fS14R TN TSR RN Ty 3501 (2, =7%7,, 2, =77, Z- = 7Y
2,2 =22, + 2,23+ ZZ,)

ofamt e p-aifd iz afdefer s e AT o557 1 (1.9 Sepree wRY)

T-TCNA Z, =1+2j,Z,=3+4] € Z,=5+6j | T x a8 N I ?

25 61 5
n-TEAE Z, =243, 8 Zy=3+4j@ Z.=4+5j | T T-I8" N I 9

(223+236j 329 + 386 86j—117)

L

3 3775
19 @ 20 T 2Ty (BB TeoAmT 100 £30° T T (WS (SDE ¢ afdny ey
23

[2+3j 4+5j 67+94j}

o ERY T ¢ OF eI 2 6j W SR AWE T 9 (78.1427"3'52".? +35j,

- 12.4 £ 64°3226", - 13.2 £ 36°47'31", 0.56 £ 29°12'55", 5.94 + 1.98;, 0.09
£ 10°46'49", - 0.06 £ 56°4'5")

AT SRS ZEHEOW RO T (AT @ 6w T8 a1y g | (1,12 oA
780)

AR B ifBa (1, 2) @1eea W o @iy Fefa 3w A% (1) o I @ e @
A (2) ofS T3 93T @ BRE = (Ba 1.15) (8115, 8/15Q; 172, 1/2€0)

fom 1.15
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24. wﬁ@wmﬁ@mﬁmeﬁmm(Ws)rﬁWmm
10V (1 T3 X3 ToF IS4 &7 TS 9 (20S/PL A)

25. (1,2) &% R W (AT G 7oa FENIEA R I | (V |, =26V)

9 J42. 2 4L

=

<
ARARA
Wy

[ 2

oM
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4FS 2 EEEA Az [FwEes U™ (Vacuum tube

devices)

otow

2.1 &gRAl e T

22 FREA ¢ #f werwe

23 LEepn Mevmd
231 iR fwEd

24 Y T oeiEhE w9 9 SEe

2.5 TIAT 7H i OFe
251 wge @Rrad
252 T AV @ ¥IFFY

2.6 TaorSm-gram A

2.7 Si%rS-weTa a

28 BIre W @ e |
2.8.1 Fdiy ot Tt
282 Fudiw Al b
283 o3 e

2.9 [ITNER CowAif TR

2,10 BiTErcsy oo [A

2.11 Giowe feds

212 TERGA EE ANAS!

2,13 SR

2.14 el 8 SeFwEl
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2.1 &WET € Ty

CEACT

ERGE S Bwifs BEhN (U3 | TR A6 Fagrem fRfew s, 79
Tyeite fosi, ercam, wfed R Tonf 773 RESHRIR Tee | FERGE NS IR
R A R W A PR s W e TR (St "G (Physical
electronics) ST A FA W1 @ R TR el ol e s Mo e
AT T T ST IR TGRS (Engineering electronics) I | G2 SIF S
(ST ATGRIN g0 Revy wedl fey A 9 | AT A s ife
frrgrem Ritw omfe =ieenfes 2@ | 2u TR Ages TF RGN W Feid W
T T 8 ST TG, FATS AHTY, SR T ZA |
S ¢

O% AT AT A WS 7T 2

o IFag fsaR Rfew wwfe

o TITE WHA AN

o FEITW-PrW AT @ HITS-FRTH T

o GG WCFA M

o Grue RRdtea wEns=

2.2 YEFET @ T WrAws (Electron & work function)

| R @3 GFRIEE (e X-SE T AT a4 EY SRS N-RYS A
Tl RATase S| TSGR Gy SRR R5ew Lol R k-9 ST
TR @ AW x, | A TS 7 T x TG SERE (I TR K-S
e REeboh e R w3 |

~Ze?
—_—— 2.1
VilX) 4 e [x - %, ] @1

30



@ITA e=—1.6021 x 10719C 4R gp=18.85419 x 10712 T *FPATR Sfpederst | N
AT AANE WS PG (T RS =fg 2z

V) =Y Vi(x)= Z4MO|X ]

2.17R Bl@ V(x)-& x-47 AAee Efhids w41 2o ot sl oo 23tam T
CoC1,C1'Ca,Cy' C3.C5' Cy, ..., THWMA ANZR ( k= | “RAGR FHSCE UGS V(1) WO
ol P T T | T A (A 2RI (7R 0 af ApTe o] | RIS O S

a3 g WEew «fews e Rien «fewr wftes | x e gikm e V() i
T TS X7 W T W 2T (CoCy) 1 oie V(x) - 0 T x - oc | AR BTG
e & AR S =Y A TERha G ¥ 70 1 @ 26w Arae | w3

S~V
EQQQmI
i

fomr 2.1

WfgeT (@ 2+ WA <7 THONT [ T Req (surface barrier potential) Ep
A | A7 AT AR @EFER W P I vam ww oM @) @2 A
WG A% RS (barrior potential) Ey (Ep>>Ep) 1 O°K TIO AR FREN T
fomes =f¥%a 2o @ hl I¥9F (Fermi energy level) g sRfe 4 | Tel IRE AL
fag 3Tl (e TR T srexs SRS = | MYRe BF9W E,) < Ep 26TW
T g G @3 oIFwlY TS T AFANCS TIPS T | @t 3B FGRA (T (free
electron cloud) T ¥4 € qrgNs ofYe ez A 3 | Y@ G orerE

ety W Gk E, oAfte e et we wemiee wfeen e @ @
Ey=Ep-Eg!

§
| Eo ‘.Ew
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s oo arere v framweed 3erlem Fn (2.1) = B wgndl arem
Y | 417 [HCH (W o7, WD AN, (R ZEG Tyl O1ewd (@ eefog 713
frraeg AraTR el (TS S —e @9 B AT a1 35 AN I AT
s a3 HAETGR Tre uw ofvene TRe e A WO’ WIsA I | HPeE

FRET SRR SESENIREE T T o Ry TR 2 N TR @R W e

TR @ Wa GR FERGA [Oerd S I | TR T T Afera eng e
&% TN FEgRes ol R T4l B, Wi F9re w3 1 Ep Rew sguer
SRRRIER B FETe | (0 R SRR AR e @ AgepereR e SR
SSTATER Toitest MR MO Wi By, > Ep, GToIfET X7 THe =03 | TWA By < Bp, ©F
@ oot afoThTe T agd e Fm A | aiged TFel Wz e T &
AT G e ¥ rewt T IR RS AR 7 | Ew =Ep~-Er.
% e ¥ Sl TR A NG WA | Eyy- (@ GFRLAR 21 T TR S (Work
function) | ©§©3 7 5C31 (¥ 0K TFOR @ Jwos = &rals I3 3l Lo 4y (0
T FeTs T G @ aigw I wrerEs | BEeR SR By Ry @R emd efgmE
R g T, @RI MPTS O Epp (00T @ e #1fY TR T O TG AT
T | T WAHET W O, GO (6T T (R AR AR G TERGHS
@ =¥ e o gz oy e efe TR oI o SArE T | Vy TW =
SAHLPN T (O T SIA

Ew=eVw=E,-B¢ .. 2.3)
Ew-CF T5ABE eV (XFRGF (OF0) ST &M I T 1 @7 T | (AT T7eV T A
@ Tyel {RTe WS |

2.3 3=3Ew Wewadt (Electron emission)

2.2 SCIRCY S GRCAR AR FOA (AT Eyy = eVy #Afue =y e
T AEASH W o AF | O, Wi, efeersy Bonf Rfew weww g ok we
SRR T B T AT AW | GBS Ffew e Tg 7@ @k Feve TG [en
TN (red T | (@ (1) SRS WA (Thermoionic emission) | @¥ FICY SR
SRR R AR T | (2) s Sfe #3=9 (Photo-electric emission) | G
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WIETR G T hy = AT ST PG (NI ¢ TR Ig (0T I A
YERRea W A e

—12"_mvzmax = hV - E:Vw """ (2 '4)

(3) CFI@ 29 (Field emission) SWAMHE SIECHITT AR ML AFOTER I
froraa Twet T W @3 T @ WeiAE Pee = wie ovaw [ 3w
(4) CNet 8@ (Secondary emission) T T3 T *If§ 7o (TS RAXEA (Primary
electron) 31 TR AFA APSER AN ERGNE WS T GO Rivew 9121 @]
fften QrerGffer oMt 3eeela ot B =

2.3.1 SitaEs W@ (Thermoionic emission)

1885 iteT «fA= (T. A. Edison) e #7%] I @ ©ige-T® A (Electric glow
lamp) T@Y IMATG ©F (Filament) (T g fe =1 o9 amams G
forswagem ToAICT SIS e a0e @ @3 TARGEelfE T ot ue T A Aifhe
(Thermion) | 212 & Q773 W= &FfE 70T w1 v T 5 T i g3 O (/T
SR e |

2.4 AP SHEeE 7E A Sie® (Vacuum thermoionic
tube/valve)

(AR YIS SGw A AEES g I Py sumeyd e Ay FEe Feme
SRICH & AT 7 (Vacuum tube) TSR a1 T | AP TN REARGH 716 T4
(Electron tube) | @2 FeF WA ©fve fFam CFTa 36 =8 SCEAF 771 (Photo tube) '
Sl N3FRTR CFLE SIAERS 76 (Thermoinic tube) | 7071 45 THwEe widfie a3l
IMAT & I MEAT ARTEA T ST ; AT LERWIe A G | TATGISH
A R A R GO, CIATBIE Tt 1% | 9% FoiFR o ARG (R WG
(AT TGS i oAiRe o1 | O1F Gofffte Sies 309 | (UTY RIS JETRE WIS
TS 2 BT ANESCF (25 (Plate) WeTe TRY 31 W ¢ AU WA TLAT € A
IS ey RS Wemsal 799 |
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2.5 ST w9 A SEe (Diode tube/valve)

GFT (IET A PAEH I T W4 By A Fewtw Bt (orers spieare A ceb
P-37 TR IR T | 47 I0F I[RA 4G O T FMAC K | P 6 K TR oo RifHe
Pitma e IRISAT A [ T W TEERS TR = ImAe o e
(Filament) @72 *13Ty o1 oz A1icey o 21 o @3 Foerel ffe 20| 9% Fmere
T AOPF ©F FNAC (Directly heated cathode) | IS UFLT =& WfF 46 I 52
e R T Ry o7 Rg Rl 30z | o9IRE) 23R IRNEE ORI FINRIT TFF
Rfen Reqre Rer Rfes w ¢ erehw Remrar fne «ffafde =) e o9
(Indirectly heated) FIMANTT «2 SHRE @ a1 I, BIRTHA A GRIBA ¢ TERCSAN
YW IRIIT TG TPE Y7 »iwief 1t f&a q B (Ceramic) wrat wnaifie aza
a3 7Y a7 e e N A W A’ TR O o @fRmw e iy
ST A (reT TH | TR U it AAfRIRS! 7% g vl ARaiRe w @«
FNAEYF 900-1100 K TSR Fta 2 | Rrg g Ters ogre (i 3@ Sraiks avest
2R A =W | I 8 BROGGTE Hewt oAy wanize s aa qsjfEr tefd a9 =

6w 2.2

TILATEA T[] 2.2 R BT @I AR | ATETF OF FANCI TS (F, F) &S
31 e 2Tz et I FA LW (6.3 V) | Y &R ZPT A1 R R IS TIS I
IS T | FTNIS € ATS (1 (26) Faig T (obe BT (0-300 V) 72 &itsd
FCo T T T | (BTBLEA 3T Y TG R AF & (BB 996 SR (Load
resistance) Ry 8 W srafilbizam (ma) e oiffl 7R 391 2l ¢ it sy
(CIow @3 (SFORGITER SR Tl T | T TS LR (SI0G TLAMHY AT &Y
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D € (RIS &Y ININE TF A (AT AR #M6T T 7 | T TLAG GIH SAE |
AR SR SIS @RBf# eeensar 32 |

2.5.1 GITHTER CAMBITAY (Characteristic curves of a diode)

RN ©g AT T TRANGA ¢ CORTE Vp TN (2lf &AM Ip 1T TSR
ARy @l e | T B (BT V,, T R (SFORDI AV, T SR I
HAFOR e e Al

Vpp = Vp + IPRL ..... (25)

w23

agw MW Ry =0 T TR orfaEne = w3 vrawes Redw WRE @ (Static
characteristics) ¥R 7fw Ry #0TW TR T RN @t (Dynamic characteristic) | &3
winrat iy Tyl sTRTY eS| |

2.3 7 forw el RMBRe (R =0) (st TITk | @7 fE&ab oo 79 2 (1) (AB,
(2) BC; (3 BC,.BCy) € 3)CiDy (] C3D,,C3D)

AB W4 3 ol wifY e WrUe oy we YERGa s ww Rfen sfdta
ST e ¢ 2m | Swvifen Jeeralfet ol (ot X wAS (Vp=0) (WS ¢iem
4, TEATT SRR FR FCH | (HIH (STBE AT ITH GR SRR M [ T3 TH | ]
THS! T JRAS GF YNTF (SAHE IALA W | Vp TS (W Vp=0 TA &R Ip,
AB “I9l #Ef¥S 2 | SR B {73 eRIeR W X I = B @ I wAe Bive wa
W |
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BC; (3 BC, It BC3y) W% ¢ (35 (9100w Vp AW (0P 4GS T Fal IR
e o5 @R Ip iR oI | GTRTA eV, =m V42 FMTRE S ARG (Reow e i
T Vp I A @ TE LERGH FNAT (T ofe = ¢1% 2w b o a1 ) a1
FIMRIGA LA 6 FTAT '@ (267 W4 g AATHA TP SIS AT | Q9YfF Ao
= S (Negative space charge) 361 € BC, St FRetw 1a® cratg =W sngiq
ffrfFe S99 (Space charge limited region) I | W SR FgH BTG 20K A4
B T G} ABTREAT RIF AT e 387 @ (26 (Oa AW T | 9% T biges-
SRR 5@ (Child-Langmuir law) S& wdie vV oc [,3/2 1 70 TFet 3R 904 T, (30 T,
31 T; 1 T O, BC; ¥ BC, I BC; W #ifAafee =3 | |

C;D; (A C,D; A C3D3) &M 3 (ofb corrhe v, T AN (s fire Zereie
NS Taiffe =0 | ITT @ S R T TAT FEREA [HEeR T ¢ b Hifew zeum
T4 T | X (26 SR [, AR IR AXT TSR V), MG A @ | IR AF AR
(Saturation current) | ¥ C(D; @41 V|, SCFY AW FGIEN 24 | G *0fF fra
(Schottky effect) T FNATER PR T RS I T ¢ T SWoPFLHT IW W
| GF T % O oRL (R 2R W IS (G0 CFAE IR WA | RS
C (D SR¥F g U1 3 Txel Waf§o @45 (Temperature limited region) I |
TG TFH TID IR ML C,D, T C3D5 W AT TR | 9 SR 1 Roesa-
WW%WWW!IP ocTzexp(eVp/kT)l

IP."\ "FSE e%_gr
‘ VeelRy sfShr
&
i
o \?pp >Vp
e 2.4

TIAC TEAT ©fF @NLR N *7 a1 T (Ry, #0) WAt o+ Wy @t AR | @i
fane Tyem wf Pl MRl (R =0) @ o8 W@RE @t 2.4 W forg crawa
e | S R @yl RSl afReeR e PRSI Ry« 0 RETE W
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(2.5) T TR AR B SRIT B | TU [, =0, V=V GR TR V=0, [,=Vpp/
RL 1 (0, Vpp) €= (Vo/Ry, 0) 42 §R R 5121 (@4 Swadt (Load line) T 1 2.4
w2 fBre SrRTa (TITAl TR | ST A6 WA (1 e (= Fa fRese i
&% (Quiescent operating point) Tl Q- T= |

2.5.2 ST (AY 8 419%Y (Diode resistance and capacitance)

AR @A TREE T I SrAecE S SRR (erlly AR W) = W
Wy TR FE SROT BIACER e T S e | FRE eI (RS Srmed
SEAY (Forward resistance) I wiyq F3fEe e et T =

e =Vl e (2.6a)

SITATGA 51 @Y (Back resistance) SR TR MNP V-1 & I, 7400 T | (1p)ge-

&% S 0.1 kQ (3T 1k Q TS LT | ARE] &AW CHLT ATTES! A ST e Y
RRRIRIE T ST TR @ ey wm ww

| (rppac = (V) dl,) | e (26D)

e A e S a7 T 1kQ (A 50kQ 9k Tt Frafire st i w @ |

A @ b ugfiife @ «a Rfon Rer <@ o 91 499 7R 309 | SRAned
YRATG 5 (T 1) PG (PF) 200 UNEF |

2.6 faoreT-g=rui wHiwwe (Richardson-Dushman equation)

1002 W BOIGW © TR e FeEeR we A ow ) @R
RPN TR A AW T8 TG AT TA AW J AT W |

J=[evdn
..... 2.7
(R dn=1f(e) g(e)de

g(s) *RTER 4%, f(e) - ofMRA (Fermi-Dirac Statistic) | T T #ewl
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1= AT2exp (—Ew/kT)
LI A =4nmek?/h? B (2.8)

R Ew=eV,=Ep-Ep

GTRTA k AFOHNI 43 6 h #ISE L33 | (2.8) TR Nz Sl A AEEAw {33 e
Tfow | fog AT (T T FRYCEA e oPfen Tom A HSFAE | @7 TR Eyy
Trom A AR o7 ) awel s pen (e Weye g Teeha Rt~y 7
Ted AfSTRT Teme W @l T |

(2.8) R AT (ACF (T T TFO! A LASGA W57 AG GR By 97 WA
wae TERhw FiewRe A, TSR ST MR w30 I I werss ¢ @t
sterIers oY REsal 391 o | 92wl T IEet @ et smnda Ao vew
R | o BreN g Ardier? e Rrabe =) |

2.7 5I¥T-TiR @ (Child-Langmuir law)

IR T FAES e <% SR AT S (B SRR @ (SITBIad W4y oo
wRwera fda w3 sty SeMERef T ¢ (1) IMAT ¢ b TR AP
FAASH G R AN | (2) ST ANRET SF (Equipotential surface) € TN 7Y
8 RS | (3) 2@ W W FafFe ¢ ug wem b (Orde ¢ &g R SwE
A (Steady state value) Cl=tT | (4) P ofeerst cireia AR 23T (Poisson
equation) | |

1A AT FMAT TAD RPN YZ Ot wais @ oAb oot X-orwa s YZ oo™

IR d ACY FCACR | (ARG FLAC 8 WG o S 7148 [ge [oak wferwa
X-SFISY R | @] TPNT CIAGIR ARSI @ I

V.E=dE/dx = pleg [ 2.9)

% HTA YERHRT T AT | Q¥ SEIHEE TRUF-TG n, T e, SF m @ S
v T Rl s #iifd
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R A e (2.10)
@ E=vVvV= _,-(QXJ
dx
R j’ = ne ;:.p‘= ne
> = 3 2 . J 2eV -2
FCEI V.E =—d°V/dx“ =pleg= nefeg= —Jggv=——~ | —
L d?V/idx? = (Jleg) (mP2eV)¥2 (2.11)
: 1d(dvy 2 2
e A I8
2dv \dx 2dx\dx/ dv dx
' ' 12 '
1dfdvy_1( mY? _{ F’m
TR EN I —— | —} = | e | = y-lzo (2.12)
2dV ( dx ) £ (2ev) 2e€,’

TR TR ME (dV/dx)? = (FZm/2egp?) 2 2.2VI2 4 €, [Cy = FARET 3T

(2.10) = 77 Sl TW V =0, v =0 TR ITUE T Ferad T ¢ wfewnat 147w,
wdie x =0 THA V=0 ¢ dV/dx =0

ol C) =0 &R (dV/dx) = (812 m/eg?) A4 L (2.13)

s NI/
il T] x4 Cy, [Cy = T 4]

4
R[ AT F(F NE — V3=
3 eg,

AT MR x =0 WA V=0 4R C;=90

9 eg,’

16 2 A2
AR —v3f2={8J m} 2 (2.14)

AR x=d T V=Vp dR @67 (FIT S A Ip=JS

172
LR VP32 = %{2—1112-} d21p/S

€E
« ¢ IP = (32e02/81m) 2 (S/d?) Vp3/2 e (2.15)
go = 8.854 x 10712 Fm!, e = 1.6 x 1079, m = 9.11 x 1073! &AW Ip = 2.33 x
1076 Sd2 Vp*2 Amp! (2.16)
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2R BIRTS-STRTF A | WIS 97 = w0 HAOH 7 (three halves power law) R
SRy P | OB A ANGHT TS '8 WHATT G ST T8 GIEIFS STAnes
T IO AL A TR | (@ TRANS T o2 TI 4R *d’ wee Jrnd
@RITI) |

2.8 Bitsie W& 9} Siere (Triode tube/valve)

o5 2.5

1906 ATA &, TS, TS NPT TFPGH 7o OIACTT FINAG € (s A TF
G SRR A TAFEIE I FA FiAT TRW F0E | 4% el AE@ehee
B e | B sUr wd SR TE, SRS AT (R WA Wit B emw
T (Hule) 8 ST ST GURIS, (AAOTE RN RCPhe 71 o8 wrast | St SHeeit
BIArS o8 AN AT | PR I TR IITE T WMo @ wie ¢ wE AR
AT A AL TS TG |

2.5 T Bra Girwe IFAR B (I AR | AErES INA® K 8 FNAC TF FF
BTG SRR (base) Pt et T | b P SIANTR WCSE GROIFS @R GINIE ST (e
© BREHA SHAR AR T AT A e ¢ (Ahd M )RS | et oy 6V Rig A
HEIRET (BITHT TLAMITA T I 1 P @ K T (OB TeAMTHA (0-300 V : HT) Fen
T3 | DT FNATTT TET S AT (SHLE I T (0-30V: LT) | Bo 3 [ewd
TR T TG oI Fraf¥e =71 o Bore Fras S 3 Fuge By w9 @
BIaTs Sres i st Frfys were 3Rgs o arwea v e @ @ ©nbs vp
@ AR 1, G (STHY Vg G SHAN Ry, | TRACE TSR Ry =0 2 PRS2y et
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@ Ry =0 T S WY @l oftewt IR &l oy B smal Qe e B
Remyares (AT @ =@ T (1) @b @AY @, (2) AR R @9 e (3) -
#l5 (SCw AR @4 | T (afY (T T 43 [ (R e B TR N | et
@-(e B R @R G AR S 9 @ e 3t A | iR G e
@ 2l RNBEAR @7 a0 AT |

2.8.1 Pty coib tafaBat (Static plate characteristic)

A
Ty Vg, > Va, > Va,
e 3 ]

o
‘bVP

.
o

Ve

oz 2.6

T RfoR BT ONdw Vg-97 @ o ONBE Vp AN 25 kT Ip AR
@A 2.6 . Bra A AT | &S @R @R fEal o 7w (1) = w99 (Cut
off region), (2) A%eT W= (Linear region) € (3} M W (Saturation region) | (RAF
ST [p=0 | V03 HTTE T IR (PIFT V- EAF T T 1p =0 41 T | Vp-
7 TR AR TG 1p IAGTS AT 6 SN e ST 941 | 0% Wt A Wiy FafEe
6 HIRRG-GRIA AR TR G T 7 | Vp=(F TIAS G FF LT #1161 I |
o0 % Wt (e TR R QIS =W wiete frafie wae I9ge o ([ @
(TF @RI T @ V-3 Y= T IS @9 e Vp W WE e =)
IS TS G S ARRAE e WRETRdns wore | sirRes Teik GURE
fierz @i et (25 (1Y (rp)dc @ SOTRE! RRIEI CFLT STO1A A 2oNad] ol (25 (Y (rpac-
«F YR (RO T | |

(ri)g. = Vp/lp
(tf)ac =1p = (OVp/Olp)V,
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R 1p-(F (26 e T | R B oot calbtafier @ e et 7l R
@5 @Y TN T I rp-(F WAS A @S (Anode slope resistance) I |

2.8.2 PEET “ligeotfas @B (Static mutual/transfer characteristic)

Rl R @b o w0 e ©rHs 9 (¢ @R ARtermm @ba 2.7 -
B e wawe | 2lb iR wrer « B WREERfRe S weE | mns sy
vpﬂwwzp—@wmwVg-wwwmmmiwwwmﬁﬁ
V7 & ARBIEYR FE W0 I, @ Vg-ad Sepirerd (WREITENE W) A
+{fFRrfReres {Mutual or trans conductauce) gm 0 | wdie

gm = (31, /0VE)Vp e (2.18)

Ve, 7 Ve, > Ve,

four 2.7

2.7+ Bra Mo wge (it T, TR FAS =W S AEe T J3S W |

f8e-cel5 A Rfew off eRE oy SREREd = | el Bra e =i
ot B @ (2f5 BouR FRATTT T LAISRF T8 OTF (25 Afefas Tue oo #iia ¢ fres
T TR T G e 2o AN | %) Wers FIZ e g e A ;|
QEG LA @R e SR ARIRE S B |

2.8.3 sfomW (AM2ITAA (Dynamic characteristic)

BT Ty e wrel fo «itea oo Y (Il Atew I | QUSTE Ry =0 WA
TR AR Vpp=Vp+IpRp | 2.8 B o181 a8y @1 (RICT AR | (Vpp, 0)
€ (0, Vpp/Rp) e oIl stz 21 O @t | AR S A e
z@ e T B9 Q,, Qn, '@ Q3 | BiTe eroymdl (o e 40w Q [ Q). Qo
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§ Q; @ W ~1fAaf¥e T | W e comb R = 1 TR - W B TRy
@R G I FRA Ry 20 | GITSNI AW AR~{faw B seaw @ 1m )

Tp

A3

Ve

fom 2.8

2.9 BITHIteR C¥RAM AYZ (Triode parameters)

TATR A (VT @RI T A ColeRRE I, o ¢ T owbren (v, vg) ToE
freasfier | widie 1, TR Vv, @R Vg7 ot A

L=f(Vp, V9 L (2.19)
I FA ETA T dip=(alp/avp)vg dVp +@l/dVpyp dVy, . (2.20)
Ip SRS FCa @0 TR dIp=0 | IR FTL I

(Bl BVEYVp (Vg / OVIL(OV/ Bl yg =~ 1 e (2.21)
tp 8 gn-9% W (2.17) € (2.18) R FINIa TS IITI F(F 2N T |

Ipgm = —(OV/OVp L e (2.22)

awﬁalp-mwmmﬁavaﬁ@mvg-wmwﬂwwmﬁ
YNYS TS T | Fuw 2lb 2z B ©rbrEz AT @b eIrtE SRYTE e
e (Amplification factor)p 9 |

wdfie p=-@vVyoVeY, L. (2.23)

Vv, IFa AR v, 20w T T 1w BT I97C Wi (2.22) | € (223) W
TR (U AMeT T |

K=Tp&m e (2.24)

43



p,rp@gmmmﬁwﬁﬁmﬁé(z.mmﬁmwmmammﬁw
T | o 92 el Grme g7 e |

(2.20) T TP cFRIAitaER wiw B cvew 71w

dip=dVp/rp+ gmdV, o (2.25)
(RAT TEETR G [,=0 @ (&3 B (SHHBIF (cutt-off V) T siea o
(Vadew == Vp/! (tpgm) =-Vy/p ' e (2.26)

FSAR BIATST (0T GIRD-eNRIA SN0 {738 20T 1 (2.15) 8 (2.16) 7 TP
o Ip BE oirtree Tow FeEle | ek Granes oRtg RS sEm-aw
AeTL =

L=K(Vp+ v (2.27)

2.10 Bie® & 9 (Criode equivalent circuit)

OTRIA SRANZA (P dl, = ip, AVp = vp € dV, = V, ¥ (2.25) R A (T
Tl T -

ip=gm, Vg + Vp/Tp

Vp=1pip+ Hvg

G oS -
Ua ghug T'? RL \ PU& FaL
K K |
(o) (%)

5= 29

(2.28) TR AMIALR &G HICATTT 21T TeAAS ©o I8! (Current Source Equivalent
Circuit/CSEC) ¢ Sl (eiths Besims 391 36 (Voltage Source Equivalent Circuit/
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VSEC) (@1 2.9(a), (b) & FBrd «afer (ranel =are! 9w (HE SlwAT 2[R
(Instantaneous current )i,-<< v & qiE SeoS g, Vg 8 1y d 1Y 0T &R o |
Wm@aﬂwmmrpmw(%unnwwﬁ@ammﬁwww
(SIHT TerMS (o5 1Y 1, @ SIHCAY Ry -4 G AT AR | NG TS ZI T
2OTRE! SIZ A (SIOLE T IR o IEA A AR LATA] | R LTS (SH
e IeRa T s e R ol iy @R e Se AT | L AwaN a3
m@@c@mﬁ:‘ﬁvgewﬁmt‘z‘aﬂwmuvg,wﬁaawwwﬂ%ﬂm

2.11 §i3© @4 (Triode amplifier)

Seare Rz ereies! SfeRIFer® (Electrical signal) Raffe w31 21 | vt fwsa
T 7 2 W @R e S0 2RI 7 B SRS AT | O 3 A @ifE
R 12,10 % 7 93 9 *1ff (Single stage) G LT &N F@CA TMR |
TECS LG € TR (Ground) T GFH (AU Ry @ I TG AN 4183 Cye A
AR | (2 R i, T AT @ s e 2irew T Ry, | AGTRST @07 00 C-
47 S ARG (0Ck)~ 9k T Ry > (@Cx)~! T OW Rg-a? 74 e @ e
=@ | T AT TS 29 (DD TS TN SIS T 1 6 Ry €7 TR A
- e [Heq ArethR A GAed fiada waeie FET W11 el o3 8 W @R,
(Grid leak resistance) T SHARAT TH AT, BE ¢ IMATTT [ AR ACF 1 180
&S FEGT R,-49 N FHH TS @S AT |

45



(OT0e T Fo1) TN LT Qe Radren At @ Redtra ww Bef v 7w |
2.9 By Sl st @ e R AR

~uvg +iglp +ipR =0
I, ip=puvg/(rp+Rp)
Ayt
N

. Ry
= 2.1
UL ST (OIS (Input voltage) vy '8 fRefs (2™ (Output voltage) T v @A
vo =—ipRy, | TSR (SC6& R4 (Voltage amplification/gain) Ay @11 TR |
AV = Vg/Vg = —ipRLng =— pRLf(rp+RL) (230)

Ay HTI 267 9L v, 8 v @R AR AT 7 31 180° T AT FCACR | (2.30) TR AR
SE (onnE Redq ¢ sRTaeE ¢1afa 2,11 & Hra (TIral TR | Q4T Ry — o« T
Av o p, T, Ay~ TS T SIS -4 AN |

2.12 IEIGA FER Aewe! (Limitations of electron tube)

1,%Weﬁlﬁm'ﬁmﬁm&mﬁ3ﬂﬁwwt

2. WE-FFAIGLIC 4TV (Inter-electrode bapacitancc) Coxs Cgk @ Cpg TH I
Radier W afieg o)

3. QA Redanesa st w9 |
4, O3 -4RTFY TIACS WP (Instability) TR IR |
5. SERER A0 @R Y ¢ (OTw ATiE = |
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6.
7.

tcmﬁﬂm@mewdm
777 Besirw S wRed ffife qefer goem e @

2.13 ¥ (Summary)

1.

10.

11.

12.

e S 3 (ol AREwR (e 4 *ER e A e e (e It
“ifgwm )

T ewEe 3 Swies m@mmﬁmﬁsmm
ol = ¢ o7 7 Tom TEIGA A A R |

xey =f$w 5 G PRfeARE « il W)

T RoT ¢ s b e Feipmem s Pfexien v A (By) |

e T e ¢ FerEE R SR «Rwr i 1 AR e Swel
7} e *fFa W (Ep) !

TS ¢ AT FIHAC IMQAG G SAAC N (eFTF SIFAN 7o | IFNAE &STHFSE
N ETOY WS AT €32 IJNAT TF TEY A TEe4 o R FA =W

fRrStm TRl 3 SRTAN Ry =0 T (¥ (OIT5% V,, '8 G eRIR [ ¢1afoa |
R G AT e ¢ BEhE MR T (A Aehw AfST 2eum T

@R o wnare e @ MR By TERg uw wiem Fafye s R s @
AURTT 1, oc V2 3 BIRS-SRYH I &I |
o A1 Tt fRafire wepet ¢ ol fssmmees o5Tw ot +ifoe venm T @M T
fpreTm-gtte e arare 3t

Ip o T2%exp (~ eV /kT)
5181 R @1 ¢ R =0 6 V-, @Ta | quarta <o Starat ¢ fopser IR
fam at Q- <ivem T | o
BICHIS =61 TS, S (A (25) ¢ FEege e e Wegs e W
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13. o 25 aPERE ¢ Ry =0, ffew v,-0m & v, -1, @ foa)

vV
Cﬂ{“’ @Tq l'p= {a—p] |
a, ),

14. 7 s=ifae =RMBRAR ¢ R =0 fafen Vp8 & V, -~ 1, @I i
ARSI g, = (AL/AV )V,

15. RIS ¢ 1= — (OVp/V )], = Tpgm
16, (9THE [TET ¢ Ay =vo/vg=— uRp/(ry +Ry)

2.14 eHie ¢ @astent (Questions & answers)

1. = =fewn 2 (2.2 wgmn w3Q)

2. @UIFer ¢ sperT ety T Ft @RE ¢ (2.2 TR H84))
3, YeRegn ISR @TIe eq 391 I @ ¢ (2.2 SIjUmw 984))
4, swifa fissd F o Aifffm (23,1 wwreEr w84
5

. wETE ofe fed, cvam Fsme e (Mg fsme 3o1re B @RIT ¢ (2.3 SRR
789) |

6. I T TS QA 9
7. JNAE GF WS I AR 2 (2.5 SRR F3))
8. fOTF TE ¢ YA OF FNUC AT H @R ? (2.5 RN F9))

9, BT FI 9 93 IFNT BT w2 IR 1 (2.5 vy &)

10. PINUC F, FAG 8 (A BRTHA AP (+ TG T | (2.5 WUon ¥39)
11.@@@%@%%@1@?(24625@@3@)

12. s ¢ sl A% @ wd F 9 (2.5.1 WTRw ¥2B3)
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13. SEEAdl ¢ fse Trfed R oo F @RI ¢ O@E TITEE Seiriftel o
(2.51 SRR 9%))

14, TRARE @Y € (7Y IF WA ¢ (2.5.2 TCRA 787))

15, wF Se afEe e 2 F @RE 9 (2.5 ST 539))

16. Mo A Bye Fafe wge e N @R 2 (2.5.1 A 739)

17. GO 0T R @RIT 9 GLIC I8A17 Ba oeaw g 1(2.8 Tegsan §29))

18. GG SIS 07 IRRER T A 2 (Ao ¢ 26 P TN 7@ )

19, Brom T1E F 2 AT @B WA @ 7 (2.8 SRR TR

20. (&% @mwaﬁmawW?@Gw_@ﬁﬁ?(z.&l,z.u IR B34))
21, GAIS ¢ G ey AR W @7 2 (2.5.2 SRR F29))

22, TG ¢ SR T I @ A1 TG FoIICH 10 T (1 2 (2.1 S0 2)
23, BrEAGA wErd RS S I 1 (2,12 IR §E9))

24, TASIEHA-gpe AR BT e anan g9 1 (2.6 THrRA §39))

25, SR biEee-aiaE Afead BT 99 1 (2.7 SRR w8)

26. a@ﬁwm%ﬁa‘mc@m@ﬁammﬁcﬁwmu TR WEA))

27. REER e B @AT ¢ Grared Rl Wy e i gm0 2.9
Lo TedT)
28. Grated gEae sl Il T | (2,10 IRORT 889))

29, BATER WMBTISRT ST FEH | BIRTS-STRYE Td 7 GICACe Chig 1 203 2
(2.8.1,2.8.2,2.8.3,2.9 SIIO=A 7))

30. 7t Jp= AT 2T T @ANA A=60A/m%/K? € b=52400V ST 1600K € 3200 K
Tyorw el e g @ @ R TR (0.920A,47.52A)

EPH-10 (15-1&23-4 49



31. 3 SATE AW A FAES SRTY FEFT 2 6 V=80 V T I,= 100 mA T, TR
V,=150V € 320V A [, T T ? (256.7 mA, 800 mA)

32. QICMCSA (HCA T4R V, =—2V, [j(mA) =—5V + 0.1 V(V) TRE T V, =-4V,
I,=3mA € V, =100V | GRACeH crmmaefer ffy T4 1 s@waw 10kQ T
(BT R T 3S ¢ 8IS 25in 501 RE! (0T &camt a0 v ot
T 7 (10k, 0.001 mho, 10, -5, ~10 sin 50)

33. Ay=20,R( =100K(I'8 Ay =30,R =200 Q X GRATTH cymIfsfT fefa +4w |
(200k, 60, 3 x 10*mho)



GF% 3 FTSs SR Wite @ (Semiconductor

devices)

St

3.1 &g e e
3.2 e afbeg
321 5@, st ¢ adfaad
322 OwHE SR
323 it wffza@
324 Tyem erefa, sfefterst © TvwS!
3.3 A Sitwe
33.1 ImeE i eEe
3.3.2  SEEE ¢ eadte e
333 (@Y ¢ NFFY
334 (T4 SitEs
335 fafen wee s
3.4 HAfEHR
341 Gafetm
342 ®F s Tuw
343 e g e
344 hRe Rfese mm
345 RS afes Gt @ W GR{EER
3.5 O3 &SR GFTGIH A (w6
3.51 by 2%
3.52 9 (B
3.6 FARI
37 euE e TaawEl
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3.1 &R ¢ TTH=l}

YR 3

s (e (ST 2RI Al SRe ) OB SR AP TEE W SEIGAR
W@M%Wﬁaﬁwmﬁ@mawaﬁwﬁﬁ“wmlﬁ
G T L FERGI o FAren TR I (e TR | G AT B
7 Tz I M SR ¢ wfRR 73 fdre o = T @ TR o @3 2
CSIPE W A W @A I TR o KPR | ol 3B smnda
#fEfEel o7 33 TF, Wien ¢ SvRga TaR 897 | (810 g I il
AT AT ReT 2 | @R IR S € IS | AT WA SREID e wiwe
fafon ol Fife ar wiEmsat 3539 |
T 2

% aTIH Y FAF R Fnfive Regsjfr wmEe

o IR ~ifbwrg AR =g, wwﬁa@em‘ﬂﬁﬁﬁaml

o TIEEIS ¢ IRHT WL [{fen «f | -

o AMY TILALTY s, LTRS¢ @RI |

o Rfew wom 7k wrrer sfeRe ¢ /TR

o TRIEDR si5w, Ry, s < wafgraan)

o RfoH @tva R (T @ PIBT oidw, FRFIRS! ¢ @B

3.2 TP *og (Band theory of solids)

2.2 SemElR sl (R @ eEion Feepesfe Rfen = waie ¢ e
frfeaidn @14 o 37 Rowm ot 31 2,1 = Bta Aeeta e s@fes N RS ~a96F
FefonfRm T (Tl TR | Sfzea qS SHIgR Y @I @ 6T W w6 [
O @ R S 8 R | wE e e Fafenf¥a sam wiw @ dtws [{e1 (barrier
potential) E, | AFSTF ~IZ917 CFC <2 AT Foraa TN E,, W® (4 (E,>E,) | S
SR X7 TFeR HAw g AT AT (T T E oS RS 2 | OiE M
TSN B> B, W1 75 Ll @ #IFu1] 2@ S AANGs Wed [ ZEegA S0t e
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I | W AN EER TF BESEA DO A TS [45ae] [, IR ED»EFraﬁi?:m
7= Qrei? i i zre Rt @49t 5w |

Q4 W TSR WoREa S (Pauli exclusion principle) N THISTy 20 F44 |
@3 e @il G AANOTH (SRt 76 ZFTRRR SR (FEIB™ AR (n, 1, m, my)
mwmmlamnﬁ‘w'@ﬂﬁwmm1ﬁﬂmﬁmmw,m,ﬁﬂ@ﬁaﬁ
TAACIA T GTET PRGN 7R 8 m PN SR &7 (B (FRITT TR § AR
N AAWergs 299 RS (1s)2N YT TEgw, Wew «fewa (25) 2N R4S
BETGA, T MW (2p) 6N FERE, S5WLTT (3s) 2N, AW (3p) 6N, T RIS
TEeGE P T | wan +H S wpd off Fe W e alel <R N mYd
TREE e Reg =0 | O3 TRl wR wwars Pl a1 wfeeifba Rem spienf
wES ~mwigE WA @ NRYEED TP Toi Feade | wdie 1597 ey 25 AT 2p-
a7 TEE 3p =il Fwm @M @@ 1 Afw few meE wmuE T Free 3 A
femif 7152 Torg o] 7 ek 47 3 | g Tovon «E109 (A (higherenergy
hand) ACAET @i grem B 93 30« #iba RO (energy band width) SR
fire @ 7 (5w 3.1) 1 99 #fREeiBa Wy «fIwrEa Y1 N @2 ATTg N~ 1073 Jn
S TrorEY *REVET WY (@A I (7B AR 50 | Sefie Wi «b wreres
wRfef (continuous) | &g “mig 16~ Wy IRam Ui | acd R fE IR A
*f¥f IJU E, T (forbidden energy gap/band gap energy) ! fafe =g Jaga A
w%mmwwmeeimm@wﬁﬂﬁamwwmw
st iy TCAT 9B YR FETG AR T | I Sy Seifee 2o e e
IR AERGH ABCS ANA |

as [ ]
a3 [}
zs [ 7]

1p I—————1

IHH

25 S —————

= sH & w3 T
oz 3.1
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Al =iz s #fRwn Yeehw R Al xw o =R 2t wewe ot (filled
band/FB), *f¥SR @it Tl =1t w2 26 (empty band) ¢ g Terehn fww
ol T T W WS A A (partially filled band) | ST WA R AFNGR F %
BR*AE ﬁﬁﬂﬁm BTG T (TS ZEPEA (valance electron) | covoc e
T e sjef il gt #1f% (valance band/VB) ¥ | e e B Beta
e A+ =ifFwem w4 (conduction band/CB) I | & =¥ vifdvzs @
el ABA My ARG 77 qR e T A @ o e we @i e
g CTerg | @B I o A TEerE e | BFet IR oire ot +If o aa el
@R o et AR +lre chem ¢ oitr «fvew =y =

331 A8, W@ ¢ wf=® (Conductor, insulator and

semiconductor)

frg =07 omdes of¥e siffRfs @ T wRE IR @R NeRES @S
p= 10~ 6z=-fiB1 3 o) M == WAt I+ ¢ p oW 107 ew-HbzR T
T, O I T R | o f¥eifbe wren wmew i @3 e oS
. | |

cB cB cB
Ej'no vB ' Es"’ i eV

L e

] K

[ —Tirs

o 3.2

@~ 41 SR € SN AR (Cu, Ag, Au, Al TN | aTwta @rETs! #f @
MIESET R LR mﬁﬁw#@mmwm(ﬁgﬂ) | Seffe @7 TR Totfaeiifes |
A TER A7 ERGS @IS A (/T oAl ABre (e Hid ¢ @ TG g
0 | SRTSIE T AW A A 41T SIENIE Y 0.2 - 0.25 WIATDE 8 el
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BERGTE THARE TP 0.2 FRAFEGR | Ay Trow ©fF @iSTe! HIGEE T =
(binding energy) 4¥ 39 | €% (Aol TERGIE T8 WASHT o Sibeag ¥ I
3.2 M B 30 @A AR |

MR oiffzs e e Aftw sy i 2R 37w B facy e w2t = |
wﬁm@aﬁmme ~?WW(eV)IﬂTW%WmWW
%WWW&?W#@WWWWW&W@E@@M@W
83 7 ¢ ol TR A wwR (B 3.2) | A TH TRONSS LARGIf WS
. #iEefR® T (inter atomic bond) AT TSI HBIICH! AT | Wb, QLA Lo
AT SR |

T E, ~1evmmmmqmwmmmwm@ﬂﬂﬁwm
cﬁmm@mqﬁmlmmmmmwmm -GG AR #ref
EfFAE | W FaER (semiconductor) AR “RagR PEI I 8 THSR AN ?Jﬁi
w1 | mefe AR ¢ WA Refoud | «ae we @ ey ey SRl f
(=¥ 77 | G (Ge, Si) A (CdS, PbS, InP 3UTR) W1 32 At Rt 41y (PbTe,
GaAs,GaxTe,_, As Hg,.,, Cd, Te T SRl e =i | Rfen se o2 wfifl-
sifer T1age T | B [Si (152 252 2p6 3p® 3523p?)] T AT [Ge (152 252 2p° 352
3pS4s2 310 4p?)] G FfE T<LT THRAR |~ eFfen sl @y IR
w® e 5 (1) wEEe e (2) IS

3.2.2 TEEe AR (Intrinsic semiconductor)

WRAREN @ e e (e | Terma @rrst 61 (@3 s SRl e
&S efora srl g 3l @ WATHRT T ATAK 2@ (Covalent bond)
ol @ @AM R T | AT < ST ¥ EIETE pea T | AR TFeR
@ S SfR 3 TS e B A 38 WEIGA o G W] 70w 53
R | < s (Ba 3.3) @} WO AT A W | TG JEg @rerel +Afhre
(VB) W | ot ¥ efena i 3o @t A 1o siftezw «fs o
@msTel ~fre Wer A W) A «fite e Tt @t Hfbe @2
SIS (2 (Hole) 0T | (AT SUIA +¢ ¢ ©F ACTRECTR O o W | @Erel
SfBTe (aE AR MRS} NI AAE FEASGA G2 <[ATS! 7 IS TG W | FCHA
@ 7 (= AR | TSR YEGER o7 BRI L @ o I | TESE 8
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Ro@ie e oW 377 I A AE S LS (charge carrier) I TRTFLH AP T |
e S #{fFaEn +fbre @mret FrmegaeE R waRm AT | Siverwa s

Yo LRI X oLy . ...|CB
AR Ec
el e Er
OU S
byl ll: 'o:'-- .
-,Q:.:::_g:::: q O —»Ge, St
= -
0 STHR »> =

oAz o TR oivcrs Reifite oS @ | T @mEer site @
wfbermrar SiEmy sm 9 | wefle Bfbeermrz 7 = | Refe sy TEwEs 8 @
W SREH AT LB 2CAEH (Recombination) T | G2 HRTHEHRT T TERGH-(0eT
A (pair) & (annihilation) 9B | TCH (@ S (minimum) *f§z TeI = ©f [Ew
%WWWWQﬁQEg.—_hV|£3*[%W{Cﬂﬁ%@\emﬁiwm‘@m
ST CIET-SCEE T 3% e wedt RiFEe 20s #0 | o Ane (7 et TFe (et
BESEW T 38 ¢ R/ TR (creation and annihilation) W, Wefie (2FT @ TERHAT
R ST | T (T @ FETRFA TR TG TR p, @ n; T O (ARG n, =p; O @1
- _

mp=n’=p? G.1)
Tywl JRE AL (T @ ZETIFER MG TR A w2ty 3 Twet R M
T AW Ge € Si-&% CFF @ I

E,(Si) = 1.21-3.6x104T

E,(Ge)=0.785-2.23x 107 T
Q2T E,-49 TH ATT 7 SO e V- (T R |
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3.2.3 4o wEAfRa® (Extrinsic semiconductor)

TS WEHIRRIZT AfRatEe 7% e @weg Wy SFer @iy R IReE s |
AfeZ TSl AUCT YH AL A S G | @12 ©ie ¢ HiTeTd IR T3
GEARAIRTS WY I AW (impurity) (PR SR | AR oA SoRg omiER
AROTF (BIPR (doping) I | FAiHRTS <6 WoEgY »7Awly &fs 1076 - 1010 weifaar
AANITS I TR TR | A IIEY ofig AN wdeifRi s @ i w e
@I Stime ST A | wdie ol ey w b1l Wi s aE cfEe
4T | 2SR SFS S0P T3 AR @etimee afteie Wil et 1+l s
SN U @ w9 SRR (wa REREE 9 (electron pair) ANCAE!
I (covalent bond) TR FF | TIRET @ETSR Tow o7 I Ao wiARRID w42
{09 2 (1) n-4f} t wiet @19 (w/donor type) 9= (2) p-ifd a1 &t @l (p/acceptor |

type) !

Koo idtie 0} )
] |'| l': > Ec
' ' : Lty tTmmmtmmsmeeT “"En
Mo  kie ip
VUt O V720 v
1t o I ' -
- . |«__.u -
AR SR R ® — SWTF
O — Ge,51 O —> AR o --»31'_.:1:;::
fos 34

1 AR (periodic table) ALK (TAF ©~RY (pentavalent impurity) Rera
IR FAE WRG @I 430 270 e Rare (lattice point) SRS IdeZag
SFMIT RAPS IR & 7AW 7L F(F | GO -3 7ol @f Ikefe qi=f 1@ =
PTTE SRy CTefE = eI (P), WIeHS (As), SmfBEfd (Sb) 2T | W
iR Al Eeret et s srete s1af st 3 Al oRigE o Fh
TR LETRGA AT (I AT I (Y (A | AFT TG IS TRCNWANT (Ge) &6
0.01 eV @ B (S) & 0.05e V | T i Sy a1z F03 A2 AW Qe
oY ~1TI (T RIS T T8 TEH Tol (Pt Tows {53 e | T wofag oy
TY N, IR @ 4R FERET 9 A p, 6 1, T SR I HIw md

Np+p,=n, e (3.3)
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HSAR n-Cfde ST CFTa TLEAIGA TRAF I (majority carrier) § & TR

TRAPFY IRF (minority carrier) (3, 1) R ANFY IR I G I
n,p, = 0;p; = n;?
e (3.4)

@R n,=Np, P, =n%n =n2/N,

woRrg YT wive ke, ©i2 n (e SRR ofts Wil ) et T cim
WA RE I T | MRFATOCGT AR n-fi7 SRR A w2 qw | et
e W RY 97 @ 2eTIT A e W (@I W 3t Rede 79 I I
71 1 ofg wdeifRRdT *fifba W wret AFeE sk SRy SRR Qo FH I/ 1 3.4
T f5r8 @3 7Te1 ¥R E[, (donor level) AR «ifbw Fmens E,. ¢ @mrer «iftw Guferg
| E,~99 T (AT TR | B, TS Ey Reern T wiefaces ovta 0.0127 eV,
SRR (FTE 0.0096 eV FAFACHR AR 0,012V | AIYIFY ST S| AT AIGA
SemfEr 2oig FXE? AR Aty olfécy ofbeez AR T2rs o

gl cB
N Fe
L ' F
-t~ — == e e -
—-:F--#-—— |"' OQOO0O0D EVA
1 ry ' e
:I L _l'." .
Ecniin ek s M B i 6
[ ] bt
i 2

O ~>»Ge,8 0 > BN ¢ > RITIT
5 3.5

#fiy AR fTES G (trivalent) oY RT3 A IR SR 92
& 108 SRR SAMLT @I ST Fl (@i A p-@if 1 a&St @& (p-type/
acceptor type) THARRIR oftem T | @ seRg AaeE foab cers e B
ofeag fouls WEEIE IR (ge/Si) T TIWAE T ToR T | vy TE T
@2 YEReGE Tt YR @ R T | T TS (T WFIRA AR T (R G
(UF S Afee T | Rd weRrrges == 2B (In, 0.0112e V), AR (Ga,
0.0108 ¢ V), STEAFEN (Al, 0.0102e V), @R (B) TN | *R¥eifbre sy sz
=y 3t afe! W (acceptor level) E, (ArEFel #Af64 Toita M@ 0.01 e V (A0 (o
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3.5) eV TR ARG ATF | 4% JIUA G T WA @RS AT TG vw? s
g7 ererT SRy =R (E,) e e @rsrel #fbrs e AR wm | p &R v
@ AT TTF 6 TEFG RAET LS | WA o ofve Wik wet p @ifda
SR ofbe fffey | srdieam wre IR R RS IH I | AT IR
TG A FAQ N, IR (T ¢ FRGA TG TS p 8 ) T (G 4GS @ ANGT
K I I (@l I

- pp=N,+n
P P e (3.5)

TR p =N, @R 0 =n2p,=0;/N,

324 Tyom GIW, sfeReTst € AT (Temperature effect, mobility
‘and diffusion)

TP SRR CRCE W WY n, (3 p,) TFS IR A we el R e
wiefle «% 3 ASITAN (exponential) | TR WAE @M WFRGH @ETS! 4B SSR T
sifaew «firs S wie | AR wFHRRIAT ovrg vl BRe ERhw A1 o R wiEE X
Byot 3fa STy TwEe SERARR e g #Rae S 2 cierel AlTe s 3T e
R T A | TFS I PN T T T AR+l NS T 47 W A
T 'S AN ¢ AR 7 | Txet WS I (oire Wiy iy (X-BEREA T AR =
@ TIPS I T AT TTF g PII | TRART T SRR T (T IS Wl
TFETO SRR Fro!l e IR | 3.6 W ora @ woA (T AR |

/ | s
THHS I
four 3.6

AT TSNS (mobility) TS &S @Fa STLHE (unit electric field) 7% Feem
T2t (average drift velocity) (@RI | ot oferwa E 28 ¢ fRvew sfermt v @ sta v
=eE1/m, @AYTA ¢ T WY T (relaxation time) | TR feReTe! 25
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u=vE=et/m (3.6)

qZF Y n A AR TG (current density) T T=mev IR J =oFE (FAF o 25 wfde
ARAESIP) AF TEFGA ¢ @WER AT @t 7w

c,=nev /E=neu

o, = pevp!E =nep,
e et cwvea O=0,+0,=e(np, +pp,) !

i e IR TPARFARce o q12F Ty Tof 7@ | TRy Ko W
ATT THIAY TG S ey T 4IRS 2 | afbE e (diffusion), Bk sifaaza
&2 (conduction current) RGN W LARE (diffusion current) SRS oIF | 421 ¥F
AT 2R X-G IFF RIS 20 | [oqR @R CRTE Ao 2R WY (RITEE I
@ MR (dp/dx) e TS | wefie Jp=- eD dp/dx .. (3.8)
(AT D, (RATT [T 18 3 {73 (diffiusion coefficent/constant) | ¥F Hrzea
I BT (TP FRRACS SR A dp/clx JEHIF, LG J | 41U | ITLOH FETRECAR
(F0E I, =eD, dn/dx | 93 1 Rer afema ¢ v wfowm@l o8 e SdfaRice
oS AF oA n-@fd ¢ p-eifds wfefERET (v @ T

In=enp E+eDndn/dx

Jp= epu E —eDp dp/dx

3.3 Y TITAS (Junction diode)

9T n-@4 @ 9B p- i T e T FAE 90 Tga @ Reiy of e
WIS n€p @mﬂ@@mpn?ﬁiwwmnjunction) A3} p-FEH WS
A 8 1 TS FAT K o Bies = (ba 3.?)|Lﬂ3ﬁ?ﬁ€&€'ﬁ@@fﬁﬁﬁ@ﬁpnﬁﬁi
TG 31 FREFCA F ST A | ARwe1 29IeE (AT p-00 RS TS T (step
graded) 1 &t Aea RIS 2@ =Iit2 (linearly graded) | 7 TIAG 7T (SR T
@S NI | (i) ARG S (grown junction type) ¢ @A sifre TR we
43T (FFFE (single crystal) 9% SR n € I T S p @Il oY GO T |
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(2) A oW *fS (fused junction type) 3 ndi p @fda wRRER T Refe wma
SR (=0 ﬁ’i@‘ (dot) SITEY AfFNT (heattreatment) T g @ wieR .W
W g AR oee o | RS wire, RS 2o (ofiw Ty witiRad Rowr
e (Si) LT T | TR Myge THOW TECAFITT (Ge) o il 2T 18
BETRGY 2T AP AT BCE | SR NG IR F @GR IAER @ I S A
TICATTS SISl T 79 |-

o—p | a0
R

o > o
A X

g 3.7

3.3.1 IR AFY TITAE (Unbiased junction diode)

AR BT 13 &8 SiEenify S Ao TF 7 AP GICAG ML T T
¥ | A TIATTS p (AT n-SR LGS X @0 T TR X-90F A AL TP
@ ST 2T T | WA T (77 TS p-B0H (I TRANG LS ARG
@] p-SIRTA (RE AW, Tfie AL AT AT R | 3.8(1) T Bra yre @ e I
THHCS YARGH (R ZCICZ | S ARG (T (R BTG TP @ TG (R
it WF2 TR | OIRIYl RIA-(ZF 6 ARG RPN I @A n-Wwe TS
PG Aron wfegy @ A ARETS p-Sked (R ¢ @ AfPT T @]
TR G FHHOCFTI T2 AN 4TI @ AT S 8 203 | 0 ARSTaa TR Biee
farerg tofd 2a | ARTTER YRR GTSIE AT T AT S (depletion region)
8 A0 | APEA WA (T4 AT 0.5 TR 1 3.8(2) W Bra wiet (Ny) 6 2=
(N,) TR 21 A0FR AT p U n- SO X-O0F JARE (T AR, IR
ST QIR SART TACS ATE | WEIGN ¢ @ qred RS (R =R
3.8(3) BT | n ¢ p-d VM ILFUT LT FAAT IACS AT IR ARG A TR
T | 3.8(4) W ora W TG p ARG X AT (T AR | WEARRIER

61



SRABTS! (permittivity) ¢ T ALIT YT M AT 71 UM TR 2R
@t T | |

dx & dx? : | e (3.10)

F_F_g- e s bm - m e aa .

four 3.8

HRSTET A o YNIE 6 B 4RI, ARSTE X7 | WY TR (p) TG TS Bfoerwy
(E) AR oW fF0E I ¢ | OiR E-(F A4S Sfeer®a T (barrier electric
field) | IXFIW W 9% E TS [eq v, Berim T 1 BT 3.8(5) @ V@ offwes
(TACA! AT | 9T ARG eV, Ao =¥ o T3 n G LE p WY TS A |
*fE 1= SRy ¥R 9BA1 3.8(6) W BTG AT AT | AR pn BRTEA @R w9
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B 77Ea RO 2 1 O n @ p WO SR 8 (el ot 4 Twer QRS ANS
|97 T B GR E, | 53 TCE 50T AW 1 0 SRAE @A

E,=eVy=E,-E,=E,-E, .. (3.11)
E, I V,-7 T TLIUN WAL (04 Toig WS @) 25°C TFOW V-9 N
wReIEE ¢ e oat @i A

V,=(Ge)=0.3eV

e (3.12)

Vb (Si)=0.7eV
@ICT (ORBRBIE A Req v, Tl 769 74 | el CSIDRBE I AP (e ead
ATATEH | 27T T AR ol Teg T 1 ST ofpe T M AR T O Testn
TE S olEee 7d | wefie R ST Arew w1 | IWE 97 A I W1 JEAR
- (SIBTRE (I #AR TR A G (AT A AT I |1 | 49T O ¢ TR W
el TApda ey T 9T (contact potential) T8 7 | 9% frew eficza I ¢ fiw
v B feedm w1 | e Beg ¢ Ay Red ImpRe s e Je G

(SIBRGIE (@Il A AeT TR )

3.3.2 e @ Aeidie AWT (Forward bias and reverse bias)

A STELIAT YT A 1 SROA 8 (AIGF 2N p et ARRIY o e 3@+
AR TG ANGT AT | (STHR LTI BA p AFEH (UF 8 n WEETH LG
wRreste e Ko Af¥tas S 30 | 97 T ISR TEER (@4 I AW S 9PN
AR AT RS T A W | I @A 8 TEAIGA ALER Ao wfeFw 3




SRR R W | S (OIThs R 3205 2R1R R #1101 (¥ (ST 17 2T F© #i
TR IR #1 SIF =1 2 (10 (knee voltage) I (RIS (SITHF (cut-in-voltage)
31 51 (ST (threshold voltage) V, T | V. -F W (@91 ST AR V=V, | NI
(SIBE V 2 A Reraa M w00 wior v, - V (53 3.9) 9 eR1g @ (SIebs 7ok
AT T
I=[fexp(eVAT)-1] .. (3.13)
(TN & LEAFGH Y, k @O LI, T 210 Tl ¢ [ oA Ho[F &7T (reverse
saturation current) | GGG Tvs ARARET LS ILeT WY (T T (BIFAR SIE | T
LA G XTI T | GG n 8 p SN LRICTELHR CHITE @ @ T I A = |
T @Y T 7h ¢ 2 (SIHEE 17 R @iy ol 2T | 92 @1y SR AT @1 (Ohmic
contact resistance) 8 @CE @TLE €9 forgame |
SRS BT &S p S TR W LAGT 2T T A0 Roffie Pt sftent
T (3.10 T B2) | TG @ (e sifksrers Rvidve Rpem sifdras s W3 30 WP
WgEd @Y IR AT e A IR A | B WYY I 2R @ A w1 ) Y
TRANTY AL ST i Rl ww ke wivey $12 wm ez (R w3 1 afb
R F9F 21T (reverse saturation current) | RAF® I (oRFw vV A AT Reg
WA - (V+V,) O SRR-(SITH& T4 (@11 T

I=][exp(-eV/KT) - 1] > -1 e (3.14)

5 3.10

Reife o[ 2R [ ECAR T | SRAUTTY T ST YOS AT PSR T O
(surface leakage current) TS T | BICANSR ﬁém RS AN FE9fet
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WYY 77 | @ W R @ ¢ TERG L0 DR TR S O 2 e W |
oberer WA a1z Reifie Tmt corebra AT |

T RE Y (A RGN wd Y IR A | T AR W @Y 6 IS
Reraa wm Z 21 1 erf ol Syer @ T qve Rered IF 2m V 20T #i1F | 3T
130 e e Trer o Feaie @ of 10° Tt IRE a1 a7 =W faga =

333 (A4 ¢ Y9FY (Resistance and capacitance)

AP W WO TRETATT (CToa-eR @l W 34 T (31.3) =
Hqwad SRl @} @b 3.1 ®— Bra oo T | R« et arwen
TR @ e IATT AR SIS FASH ¢ AW @y ey T 1w | @w—

Tac = Tsiatic = (VH)Q

T = l-d)mamic BV aI)Q

@A Q T fovvpar IR R | (3.13) Tk T IITR T WOIW Y ~NSH T |

_KT _ewnr _KT

r ——=26A(mAY (3.16)
el, el

ac
@A k=138x102JK-e=1.6x10-19C R T=300K |

AL

foa 3.1
A TICANEE p TECETH WIS YR 6 n TEEN LAIIE SUW TG A | TOIR
A SR 4R BT R A | @} aawen aEes Rede TP et Tow
et | O} 4Ry LEANTA T | R ITACT LRI 92 4 FILR B FEHITS TS
(varactor diode) @ T3 T | | '

CPH-10 (B 1&2)-5 65



3.3.4 (4 CITAT (Zener diode)

RS AP (ST FAPS AGLS YT G (SIHE-2NE T Ryl @b
@3 Tl Role 23T IS0 2 I | @ O (SIrhre 2R i I i one e
(ODF (breakdown voltage) 30A | (X ATE TICAG % R (SIHE AHF IRZS W D
IR AT GRS A | @R e T otk a7 Bt fios o ¢ utm Rem
OTHG 3V (AT IS T (SFF WS AN | @A I 31 SIHE @rhs iers
(voltage stabilizer) &I A% 1T 1 3.12 W ora (o wieanes xies, T84 ¢
TARICAN (T SR | e T R I T 2T I0S OIAIe ATY M W (burn
out) 12 GG Frarg @Y R (limiting resistance) aﬁw @R T | G T e
TrEfie i 24Tl TS AW T | TIATET HNS! P ¢ A Al 1 Tl
UIFCE PET (SI06 AL ST NG T | |

V, =Pl
(37
&R R =(V,- V)1

<

57 3.12

(G, TITAIG MBI Rae (ithy e (SIEoEd TN ARAE e[
IJoE RSN =0 | [ BhE WEE 12 BT B I ¢ (F) @&HR T (Zener
mechanism) ¢ (@R OIT T% (UIPR T¥ IE IR WEEHT @Y Y9 I OR
o Forfe (OTHEE ATTEN TR THUAT Toe 7Y B T 1 139 ©fde (v 20000
kV/m 91 O @R 0S4 NI s S oG ¢ @ @ o R e | Reife
AP (BT 4V A SR AE ARE (TR U W | (F) TS T (avalanche
mechanism) $ RAT 79§ 2R AN AT & 3R W 4R @2 I Ao
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e Bed wfogw @ o@ AT (OrHER 7R WA W AT I (@R
SRR T TR e T 3 LT AN TR SrelS AL Gk fpd S (2w
SETET TN B T | WY G2 AL GTR orefeTS wime A R w03 | 2o W
TG W 2 AT AR T | GO1R e B ; MRS 6Vs A o @R oty
<3 f& 4g @

7 (BTHER T BHsla Bo el | Byet Arem @rerel a3
oA | T SIS O SIoerHad Aend @R R Wy =) wdie @R e e
SIS AT | AR BTSN IR TR A T G | FCA TGN FCY T
RIS AT R, FRATFAY AR AT Aot wfeew Fra LB <R veT 7 AW =W
[ | ©iR Tors i BEel e wer 31 Rae s Ty A IR |

3.3.5 S ¥aa< ©itA© (Different types of diodes)

() & RfFa® SIS (Light emitting diode/LED) ¢ &3 SISt WS (TL0=A
wwmwmmmnmpwwmmmﬁﬁw1
wefie B R (0 i <IfecE SRl Ties o) xR oy Xy g #fe Riske
4 | 4IRS IS <512 Tlemify et Ffe 2 1 s Rives waie of siceeaf e
Gefe = | suRY wrae e e age | Ry omen-RiFs erae smmm (Ga),
wrnﬂ%ms),wwm(P)Ww-ﬁ@wmmﬁwﬁammﬁmaﬁw{a
W@wm@-ﬁﬁ%wmﬁeﬁfﬁwquwma,w,zqmﬁia
rontn Rfvw e s R wieare shem am|

(<) CFILB! SIS (Photodiode) & @b @ ¢t Reifre arme fmmdie Ay wiame |
47 IR TETT-iGe B Toig feade | SiE @A IR MY ho BEATS
TR (RS 73 IL Ao TR AR (Ep)- 9T T R, wefie E, = A & CFIOR
WWW@WWWWW@WQW@W«J\W
AT SRR B A |

(%) GTA CF1E (Solar cell) ¢ 9% AT (@A (TR TAE T FIACIR | QU
Sheify ofoefire ol T | ST SER croa el TIAE e (7 e
FEASH U HB FA TG n UGE ¢ @ p TEE GRS W A T
SRR T TF A0 Tou (FRG SNEeTy TS ARI TOH AR SRCALL A
AT 5o AIF(T R SRR S SeR HAfss | |
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(4) 3T BITAE (Tunnel diode) § TTW WY (@IFR 91 71 wdie &fe e wd-
HRRAIT e @ o R @ 7R TR TR R 2 O AT FFER @Y
100 am 2 | aff SE e T o O SN | @8 [@ed e Rermm (W
BESG (SWOR (penetration) TERTS! 47 @R | FRFBIN A ALY 43 TH FI
T2 T | BT e B AF | [T ATy oHRd @ W 39S (B 3.13)

AT
\/

=> V

5= 3.13

3.4 §¥{e™6@ (Transistor)

GefebiE wew e R (ransistor = transfer of resistor) | @ o o AR _
i T 3R a1 78] | TAER =@ 1D AR Titaed Wawd | Ok Gre fat AR
GRS (bipolar junction transistor/BJT) 1 = 1 Ge 1 Si faca e peafa GARAR
(A=A 98 A0 n Gﬁﬁ?@ﬁﬂ@@lﬁﬁ%%npnﬂﬁmmﬂ%ﬂﬂ npa
GRS i | 4TeIR n ot weeifEaEig Ten oned p @4 I8 I pnp GO Sfrem
W1 3.14 & B npn 8 pnp TRRFSTRT T (R TAR| IS T oAl
GHARRE TS WAF BT (emitter) UV E, ?ﬁ (base) T B & =T (coliector) q
C 303 | 3RIFS npn € pp RRIGNR & RiFas 1erecs asm ¢ e fs O e

i lp | m 2 glelnlefT
& i 58
E—_O—@—Ocz EO--(E a—oc
s B &
(%) ()
52 3.14 |



Fen A | Thm @y Ridas ¢ areey gew 3% A o g @i gi Aferad
(FOT Aies-of ARCE (RIS G W A 9 ) « 3 [Ealh e wfeeemE 1 1,
@ [ 4T T4 a7 GRIEIBE wieyR | asrene Ritwe-of, ane-ui ¢ ars-Feae
e 21 TR Vi, Vo € Vg 97 A7 4RIgs 7207 294 AWML csubscript)
ST ST ARATTE 4TS | '

 3.4.1 GwfEsBr W9 (Construction of a transistor)

Gfesra fasficern orf fRifSw »wafS atare 1 () 3R =l (grown type) ¢ T s
TS Ge M Si TEARITT 93T @A (single crystal) WO AT SRYA TG n TS p
A SIRRG FF @@ @A 94 n,p ¢ n W 1SR w3 G=ferdi Falie srefs =1
TR o | () T =S (alloy type) 3 n HT TEARRITR oea ST (waer) T
ST In {Indium) €3 FBF (doy) T WY TR T [n-GF TEWLET TAZA TIOH
3RanTT TIPS T T GTOMA prp € npn FREHE WRfE w1 () AR RS
(diffsion type) ¢ ANE! AXTG TLARRRCE (3 TE n 4RCTR) FETS p @A77 ST
ST SREeTT BB I W ARSTe p ey o YR = pfvE om few
AN (mask) T SRE n T TREWENT Fioce Tog d0A n T AR =1 (Y
Tures “($ (epitaxial type) ¢ epi IS T A1 Tt @ taxis W TG | Ge A Si-
3 AT AFT @A T WA (PR A n A p WA (substrate) (O T 21 48
T % AT | ARE AT oy o @ Rvaws e sfere fafi w1 =

3.4.2 Sifs & &= (Mode and configuration)

St Ris-sf ¢ ae-gft 7 Afee 3w o Gwiesw T AR
TUATTA TR 92 O A | A TAE (SIHE WA [ RANS A evamt
T ¢ w2 TR 9 Srany O3 (SIhE et e ww sl o R = !
RIS TN AT GRRPBR g e S T |G vf5 Reidts amie 4
e S GBI BTA T | €% 7S AR oy GRRETR MOW EAw I8Te
R T | @ OIS SERRICT ¢ SN ReAfe i At GRiEeE en St
TR FA AR TGP TERC ARG T | IREA T GRS I 7R 40 § TG
(analog) @ 7R (digital) |
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Tfesbien R, oft ¢ arr = wam a8 R I «8 f&albr @-@im
@3BRe Az 2rg R AR I 949N 93T SR GRS e S Rei
SR T ) wefle @i e el a3 At o errralt Pefim e | Roafb eire? sz
. AT I oot e Ryt Dol = ¢ () st ofit Bt (CB), () el Ry
5 (CE) @3k (51) st aress Ryt (CC) + €37 e @} [Repimjfer sy Retreie
TN |

3.4.3 AiYEY ‘\gﬁl == (Common base / CB configuration)

T _

I_E P e :: —1 P If_‘.
4 | . > §< C
| E I-’-‘-g_ . T _

.+==_ . arra +‘1=___.
_fﬁar:iJSCBﬁﬂm

g e RiFae-gft werRmeT g3 fFefiw ane Aot Refe ame @
Hiwe $fa A CB R #iem Aw 1 3,15 = He@ pnp Frfesdesm owta Ries aam @
TR | RG0S MUfiofg IF R R &R I, | Fofiet e i e s o ARmeas
BTT T AN T | SR TG AT AT [, WS I W | G =gy, + e = gy |
g% R AR Ry W, 47 ;T I, AT RT @A 9R (1, - 1gy) A A
el T a2 o o e R w1 AW 1= 0 W AT R TR Rede
RN ORI [y | 9% SR &TT-PT et TS MGt qRrer T TRARTY (T @
g, & sree wieew R R TR | O - Iop =Ioon+ Icoe 9 Ip# 0 LA 4TS
=T @ T |

Ic=—Ign *+lco = lgp=—alg
e (3.18)

@ a=lc/g

¢ 27w eiRa REAISE (de orrent gain) | a6 TH 0.9 (G 0,995 T IR Ig, Vg
€ THeT BT @3 T NS | pnp GRTEESICAR (70 [ (TN, I @ Iog WISRF @}
npn-% CFTA [ HIT € I 8 I &N |
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CB s Giesbies (RNERasl 2 «27d ¢ () Wiw ¢ (%) fasfaw weraw
@FEraE oFe fAfen are-gi OnTER (Vep) w0 RiFTs-gi onte (Vi)
e wrw ¢ R 2R (Ip) Tae wewhus 2 1 R Sraes e
TR el (B9 3.16) 1 (2 (OIHET ~7 T8 V-9 &R Vi o GEI0 TG
I TR 511 T4 V o CE ART-P AR T AT SR (Y NG | T
v @4 2 AT 93 g @F &% (pnp FTREFOIRR owea) Rivas-ofi ¢ axz-gf
Hitres SfeT= /0 | T Vg T ARECAS I IR oI 1 1. M. Early-30 7107 @t w@ifef
&R AF (Eearly effect) |

RlERs o7 3.16 frefa

fostorer tafiEaa Ritn R erive (1) o0 arS-Bi (odE (V' 0p) SHER®
W R AT AT (1) Ter wrw wifees 7w (5w 3.16) | AR fol wee
() (=@ S (cut-off region) & @¥IGH Ip <0 | TOAR [zl € AT ¢ RiFae e
fo1fre e SR | [ =0 @R AT S 2 (IS G | (X) AT T (active
region) ¢ G I >0 aR R WAIANH € AR {ATE AW | [y YT 26TR
T aes @iz RiFee e Apifes | s i eered e 10-ad W Veg-ad
3 ST I AT | O T HRPY ST RISH [ ) TP AL 2GR I |
@Y o<1 TSR 1 < g, () T WHT (saturation region) 3 ATT AZF @ fRifea
TOCIR AT SRS | FeoT A TG (OTHTH (Vo) ARG etz &1z (1)
o RS 701 Vg <0 TS AR T AN W TR WA |
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3.4.4 et &fews R79 (Common emitter / IE configuration)

arwe RiFas Meme 28 gk Rifsae-of weRrm o= | [Rises T w#igg
O3 BT STERS T (w2 6 (I T MY T npn RGO (Y D
feram (e @ T eirow eI ZErehR e wiew 0 gfits ciem ¢ am
R i P pR AR AERER AR I | Grea I @ et ok

Ig=Ip+1¢

@Ry Ie=olp YO Io=allg +10), T lo=alg/l-0)=Blg ... (3.19)

@I B=al(l-0) |

4T a=pA+B (3.20)

B~ w1l T R ey Radaness, SRR @Y Ie = alg + Ico, IO

IC = (Ig + V(B + 1) + Ico WA Ie= Blg + (B + Dico % ..... 3.21)
=Bl +Icpo

@I Iepo=B+ Dico=lco/(l ~0) e (3.22)

o7 .17

ICEOQWWWW@WWWI&I?mmnpn@pnpaﬁm
T | CB Reie wel CE RAieie w2 4t WRBrae Qi | e e
ot A8 Vop-a% O Vg - 1 G SRR Siened GTbied Wl 7 | 4TS
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2w AUHE [-F T V- ML AiA¥e o7 | Fiees (Fid Vg = 0.5-0.6V O
SRS CRCE 0.1 — 0.2V T Vg ' Iy, AR o7y vt i ) ol (ARBaem
Vg —lIe E6a RN 15-7 oy wftss 21 SR o1 @HF SE0EA (be) Ig=0 € Ic
= Iepo | Iopo-CF i@ R wad edres @ 1 30 Reifio g e ¢ operm
w5l 2TIER ToiE B | T [ =0 T O NS ATT AT 2T A WA I,
lepo > Ico. ¥R *POTR " @l (S FPIfEE | o i e
GherRr STetR Sesite Bl X7 200 T | O} (ne ST & O ReEe ameT g
Ge-7 (L@ €% Roifie I 0.1V 9 Si-2 & 0V | A g Wi eer@d &y 1
TRV -8 I R 91T (b6 ST W) | 57 LT (ab) V o~ o181~
I T AR T 1 1R 13 T I3 Botet e 38 1 | 57 Wageeral =14 Gferoras
R ST AT (cd) | QN [ =0 TG I TS O Vo TRA AN 0T | 78 T (S
SR e GO @B W4gTe ARRT T A1 et V% % I R cenbred
(0.5—0.1) ™ 3Tt Trad A e = |

3.4.5 YR oz [ e s {iFTe B (Common collector/CC

configuration and ideal transistor)

ST T TR S SRS T4 3,177 ram ot ¢ B e Afedn
R AT T CC R ST T | arErE RREENe CE R weie | s
4% Reye RS Spae (emitter follower) A ANFA |

AT S e GEetitaR R W | v GRIEIOIA AT GRTERRIER et
AL R 8 T S AF M| I =0 T I=0 T | wefie IC'0=0tﬁﬁmwa
ot weef 7R CICHITER STt bR FACS | wiefie, ARG SR AIFCI | S 725
¢ Feife T 20 O | W @ TeiRe SRR Vo ST A T1
o 3.181

IC Fins
D\EZ P IB{ -~ ) Vee I —
Oo— T o /NS
(=) (4}
| 5% 3.18
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. =
Vg B Vp® FF
Ly48° Ta Ta

ca CPagvse B fampsr -
(=) (=)
Bq 3.19 Rfmw whEEa

wprw ¢ fefie wafRaR vt GRResis RiTws @REe sesw 791 I CB
i B Vg3 o - 1 Erbars R e = = oft 2w 450 @i
e @3 Feeadl | wfie &R B a= 1= tan45°= | | pnp WERPEITR (BT [ =
I +1g | TOAR T QAT AAF TiH 0L 794 | CE Reyeon R e fig vep-a
& [ -1 CTAa 7R T | QU 15-3 B 2RI 1 St AR wmi a1
=0 wuTe g o oz AeT I[ ) T AR [T e @q [ |

Gz S e wee ol feer g 39y

wrafe 1
R [eis i CB- CE CC
1| e ~ 1000 ~7500 ~750kQ
2. fomfam cata ~450Q ~450 ~50kQ
3. oz Redarss axl B=a/(l-a) | THAMRT
4, (ONTE RRfTe | ~ 150 ~ 500 &P I
5. AR TH Fiiies | =y Fes | efedndt e
IAF (G

3.5 C¥q oeiR §iNiersoia/cw6 (Field effect transistor/FET)

W orf® 72 4Rree e 9 b Aikew T8 GO RErY (arres | @7 farg AR
BRT&5E (bipolar junction transistor / BJT) | 93X 43 R IRT TF wee (e S
BTG T8 GRS T SIS T A | AT ST et I I i
e e a1 70 | O @i)fft owe erer GREIBR 31 (6 ) arwas i, o @ areea
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Wt foa &% ¢ WEs @ T S (source), T G (gate) €I FAl D(drain)lﬁiﬁq
oo ST (PG WR GRGHR ¢ TRCES €32 THCHT | ATIE] oeReA asffer SesnAl A
@ | ST GERET AR ¢ SRy SN TE |

ARy 2 (@)

S

(D
@
(&)
®
(®)
=)
S

w8 ()
Q)

(M
Q)

farag St GO 2 @A 6 QTS 93 AR RS TS |
facg R GRESIER e cPoba S elfedia 33 B [T
(~ 100 M) | :

(5 TofR TS ¢ ST I T A |

@B WA (SBG (noise) I AT 2T |

S ool (T et @M e R esis

WA TN T IJRWF A W I

@ TR (orST-Fafye ¢ R 3R TRkt TR aur-fFaiEe |
A (ONHT X[ T FA AP (ST AT A |

U e ST T 1% HR = WS o AR GRS e
eifFam ATF AR T |

@6 T TS JIRNEA ToYE T |

T »f57 2 (frequency band width) FRTEOICT GoaRl (FTGA
T |

@A (FTHT Gedq 3|

fRTeR0E ¢ A]NET (FL@ @6 TATAN |

© 3.5.1 A% G#B (Junction FET / JFET)

ATF G 4AT TOTE W FAUCED n-2N (n-channel) '@ p-89E (p-channel) 12
¥R T I | TeurErad iR 1 TN SeiiRe (GaAs) AREE SdefRRIR ot
TR T T | -2 AR GFET (G 1-4ATR T OGS 1R A AR o @ w1
4P A BT (source) § G TR} 2BE TR (drain) D TR ©fes wa1 =@ 10 W
S W AN p 4RE TR T AR PR R, RS T S A
opef @7 T AR A1 (S AR | 92 p WA 91 T T (gate) G | [ p W
NIE] TS| TOAF A (channel) T | &F8 O p-2eiieAl ARTFOF CFTE p HEHE
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AR wfefEaRl e U AN n 4R TG B Sifene @i TR i 3.20 W
@ n @ p-2E ARCHEET WIS, IA! ¢ WHATAA FAA MR | AT ST
2Es ey Bfee wtg, 7w 7R-Ben o S AE | WA FHG S
pn-% AT IR AF GR Ok (T (A AP (OITE (78 | 9% oA amiew
TR USRS et SwICes, ARCHEA I &A1 Aeftet] g 19 70 19 [ode
AW ACT I AT TOTATH AL WL @Y TR-TA (OUDHCH (V55) 7
forafire = | ARTRET TARBael 13 4T ¢ () P fefim iR e () /e
tatgrad | P Refie Tl omey fifem a@-Bet (Vi) (OUBER T AEl-BeR
(OB (V) & A ST (1) W 1 T | 0% GaRiveifer fomld wieet (1) ofim a1
Tl W ¢ WA V5 =01 O Vg O [, AT © @ietidfl 78 @ee q0el 3%
A | (2) TR TYT & Vg0 RETR T AR TEWoAICa AT wgCaTel @ I =
G QAT (T4 T AN | 97 LA (@ JRY (FITS AT @ Iy WA e 2T 7 1 V-9 AU
Ip 4R T O Fopg A B (=D (pinch-off) Vp W01 | 42 Tem WR AT
TRTIT T AT o] WA | TR 2RI T TR T | GF T A1 ould erarm I
T | (3) TR WA 2 Vg TG G AFHeE Raw wepee 4 FH 8 AT I
R st 1 T Vo TTETE 27 ol Rt sorwige @ 1-08 gy T ) R weREEmeE
Vg - Ip @Aba wfése =11 97 72 o 28 (0, Ing) ¥R (Vp,0) !




wfresa iR Sres wrer e @ T | 9w

Ip=f(Vgs:Vps) o (3.23)
W dlp = (Alp/dV)¥ps Vs + (Alp/Vps)vas dVps |

=g, Vs +dVpsimp | e (3.24)
LATH W @Y A /S @Y q LMY 1y = (Vps/Blp)Vas veen (3.25)
G AR ARSI g = (Oly/VgslVas 0 e (3.26)
ARCH(FT RIS 1=~ (9Vs/0V G9)lp =T 8 (327

(3.24) & AN QA FA @B T [efy T = |

QU @ TE AR T L | TE-S (® Vg e SHUHE I Vpg/L |
sifeNeTet |\, T AR KON mVpg/L | 9K W’I‘{W (transit time) t=
LAmVpg/L) = L2mVpg | T4 Vg =0, ST TH 2 q &R Vg >0 T M
q | TSR AT &R A Iy = (q + gL, @I g'=CV =C(Vgs - Vps/2)-

v
TSR I, = m[\:;DS (q+q)= —Igi (1+q/q)

\%
= —Ii@i [1 + %(VGS = Vps / 2)} ..... (3.28)

@A R =LYmq | (3.28) | FAIFF W I MR

1=%(?§—DS] [1+E(Voé - Vs /2)] +X%[_£}[d"m]
| b vl 4 R\ 29/ dlp J_

-1
e dVps =15 = 1 1‘+9(VGS_VDS) _CVDS
dl, R q 2 -2gR

Yas

WW rD_l = i+%' "%“S— = _1’+ ‘Q(VGS - VDS) ..... (329)
R gR gR R @R
I‘D—}wWVDS—Vgs—"q;C ..... (330)
AR (3.28) T AR TS AR p= 37+ Vs 1+9(v05-i-y-@i]
R g c 2
9 2

LA Iy = —— (1 +4CV e/ e (3.31

DT 30R ¢ oSV (3.3
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T [, =0, Vg =—¢/C=Vp A Buld (orha | SRR 729 V56 =015 =g/2CR = Ipq, A
mmlwm@mmqmaﬁmwwmmlm Q3R T @ I |
Ip =Ipg (1 - Vgs/Vp)? .. (3.32)
@3 e AR Vs -Ip T9d @b wﬁqwmmﬁﬁwhﬂmw
T TR (B 3.20) | ol ARTESE @A R et ARG 711 @7 @9E <,
@ i s =R | 3.32 TRFAUNT W.Shockley-F T % (Shockley) T
T |

3.5.2 TATES (Metal oxide semiconductor FET/MOSFET) :

s Sfberra AR w0 A @re g I W | wdie aa I o SR
oo R | wEha AfifEre gm Sl | enEt 42 49 ¢ () &S Wi
(enhancement MOSFET) € () I[&F& IF0 (depletion MOSFET) | &1 TS(TE p 4t
p HATHA LT A TR n T p 2R TACET | GIE SO ST AW, TS @ TRIBPTR
FHATE FCE |

fom 3.21

p 4l n &IFT PG 3187 & S RN TN o A p T wARal gaRe
91 T | O (@IPR T8 n 4R SRR s e aiem eRfere T ik 38 1
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p S ffier T = 1 @2 w6 p W B @ AT TR P A | QT T TTG (10—
20)um A T | SEARART B4 (100-200)um @4 R wofed) oo Fieew o
THITE (Si0,) FF 737 1 77 | 9% WA WA 4% (06 T @ WA REAPRR €197 ©F
1 BEEET @M 3 T (BT 3.21) 1 MRA Si0, WA TR 0%k Aewle i It
RAT FRCAN A T | 41T IS € T 8 e Wl wfARIR alkea w3
A 419F B A 1 AR Si0, WRAR w7 ity 792 T T G TR T (FDe
(insulated gate FET/IGFET) 30 | Si0, 93 Qi TS W1 @R T 104- 109MQ
8 2T 7N | 7% e 7 & p el erfEFe wEh AmIa e (o 2 eRffe
TACFCSR & p AR Sate Borw 7 O o 38 n 1o B @ i st
T R Si0, TEF AR e, WAl ¢ AR T e = ) eehes sfeierel
RCTE TEAI @R A p @R PRES i SRR TERS I9ES W | ATAR
A 2o g7 Wi oS wermirs o IR | B S BUed ARG n 9 p
2N AT WIS B =@ |

p HIE 2T TFGT O B TS, FE GHETET (FT P weE
W T T | QIR 2 (DTS R (PICA WS el Wt IR =41 | SrHiRe e
T BT @ ATl p 4RCET TG T p LA AT AR R A | ©1R BT 6 Al T
wifEe gNfire SiEcerz T | 9% FE 2R AW (S o NS qt ate eRfEe
THCFG T 1 TA V5= 0, Ipy F919 TCRT (nA) | T9H Vg <0 N A6, 1, Aea Hiea 3R
{1 | PR V5597 G I, TN V-8 FS AT | Vg TG G [, TR F |
STISNA n YR 2R ES TR CFCI V g5 =0 T THT € AR WL (LA 21 B
WA Vg IS A & 9T e TP T 7% G2 WTS 4eF SEIg T
n Qe B T | _

QAT TN o @R p AN ITIYN TFT T TG | p AT ALHI FACTD
n A SARARR o e | p W weRg Fd BT @ A T ARETS T
(Tl -7 AL AR T 70 1 B ¢ TR TR p 4TER WAL O (OIPR A p A
8 0 T 1 AT Si0, T BT T WAl A8 SUCA T G T WA I @ T,
I @ FIAT 41O WAPGIG (Fafiel A1 77 | n @A ARSI PIFT p LACT ST S
CIESNT AR FA T | ATPIN PG O (PR WA @ I FA @ W A
TICECS I (P 2IB1E Bt 6 T i el 7B 2 | Az q weirlsa e
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2RIFE TR TSR | ALIEN TR MACS D @R §-a7 WIF O @ @R
AR #{efrarat e I =Y

3.6 AS* (Summary)

1. “EH Afex wrer 20w« R = | @ETe! ¢ T «ita g e =l
TR (E,) | Ey~0 T AR, B, 27 eV T HARIR By ~ le V T AEARRR

2. AT AT (W1 8 YHAIG | ST TPARRIRATS Gred AR I | e
AT A n @ e e TA p @i R SRR cnem T T,
SfCHG ¢ YAER T AT T WA |

3. n 6 p UMD R B T TR X0 AR TS AR WA | AP W
AfSrerz Tno AR At LN 2)¢f Sagre RIS < | T e e R
o T @I o Bt siel [ W)

4, ST 5w SOt T (e 6 WETG Ao Hiegw T 2L R I |
e I AR I T AF TR R @

5. @R ST Refe T SJEeN (SNHEE o o9 VR g IR RS A,
3xice Rewt oty 305 | @GR [ wReete RN aw e W eftelt T

6. %44 n,p,n T p, n, p TR T TR GHEETE #ftem 17 | LT RFT= E, 70
T B 93 BT 215 C | RIS I A7 93 fooraa e ST W npn
@ pnp @RIA T | CB, CE 9% CC RAIe™ Wy 358 I9%S = CE Rt

7. e, Tl ez Rt o gaean RERIRL DREbIER Qs | SIS 23R (71t
T 1= Blg + (1 + P)log | @I o1 fareg 7 Glesba |

8. (BY ek GWRPDITA T (TE LT (X A FEAGH | (0 frim e ofvwrsa
27 g 4 <@ | (BT B, W9 ¢ Wl (S, G, D) [ w1 7% R 4w
FHTET @ TS |

9. ARTFS p AN 6 n MR TS AT | B9 RoA© T A T T 8 THR
WA RTINS A AN P = ) ok ol (Sirhw @ X AveT ;W |

Ip=Ipg (1~ Vgs/Vp)?
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10.

s ¢ R % warad R AR w0 2ol AW 1 Gt TR
GRS W0/ p=rp, g,

B T 49 WRNET (F5 1 oRffT A andEW W2 4 HEe WO A |
TSI T p A p 2T T | ALSRA PTG BT € TR WA O (IR A
il v T W | 2R WHES @Al @i T 7a

3.7 emsie @ EawEl (Questions & answers)

r2

10.

11,

Fioa smida «Alboran Afrg STAwT 39 1 (3.2 TR T89))

s @ wRRE A=, TSt #if, «fFE A ¢ A e Team e F @R 2
(3.2 SRR G3)

siftwrga TaE AR, Wi ¢ wdefEaRia i M (3.3 SR uea)
TERARTT WETHT ¢ RS 4@ A I | AT IWE W e 0K TEeW
AR SefRRIEest WHAY FE @ v (3.3.1 € 3.3.2 TR HEA))
AR 9 @ =W e ¢ | R 2 (3.3.2 AR HI)

e aifeTas], SfReTe!, HUIaE, Jrimel ¢ WG e F @RE ? (3.3.2,
3.3.3,3.3.4 SCRR 9B90)

SRS (El TR WY 1 ¢ SEE ¢ AEETe TR F 2 U (FE &R
Tared ARA et T | STOR AN ITFIAY Tel AT = 1(3.3.2,3.3.3
RN )

TS WHIFERIENS (2Ie @ TG Ted W el g 1 (3.3 oot Hed))
Ge-(S TZITHY 24 x 1010cm=3 A 97 (@IHTST T 9 (2 € JOEREA T IANPTH
0.8m2V-!s7! € 0.35m2V-1s!] | 9TF p (@3 AT WRRRITTS e T
@RS 2T 20Qm | 4TS 2T g I 9 (RER SAfeTTet 0.35 mAv-lsT
(49Qm, 8.9 x 10! m=3 TR=Y ¥RT)

A Titie F 9 Tz fsfel el Frew | e ¢ IR SRl A e (3.3.3.3.1,
3.3.2 CRY G2J)) |

=(fgoa AT I SR A T 1 (3.3.1 e 59)

g1

EPH-10(B- 1&2)-6



12.

13.

14,

15.

16.

17.

I8.

19.

20.
21.

22,

23.
24.

AT F 9 Ge @ $i-99 (Y 97 AW FT 9 97 T THSHL 28 Fgo 9 @A
(S5 TI6Ta qea Toq Mol T 1 @4 2 (3.3.1 '8 3.3.2 SHTRY ¥EQ))

weRmEe ¢ Refdfe I o W @IOT (knee voltage) FEle FT[F A%,
HBOER A AR F 9 G O TTOR 2SR IgA ¢ (3.5, TelWRA TEA))
f5a ¢ FNTAIT ARG A TIACTA AR [ FF, 57 4% ¢ 7TF F 9
(3.3.3 SEPM BEA))

IS T8 @J1Z 2uA 8 (.2 V AT (SIHE XA 27°C THSH PS¢ 1o
@Y TS 2 (43.5Q,5.66 Q)

(G BTG F 7 TP e OIS (T @A 2 99 92T Trad I ¢ (SIC0e-2aig
@ T LA AN 0 | @R e TReeire T 9 (3.3.4 T 98))
TFCA G I ¢ GRS SIS, SNETicas Giare, (@i ens, ClarsH,
G TILAG | (3.3.5 SYHH T2J))

3IW (TTICER (5.6 V) ST (SI0% 10V I AETH 2[R ¢ TS AE (1Y ©°©
w37 (536mA,82Q)

BB F ¢ pnp ¢ npn GRS ~1de B ¢ T2 Ty A GRTROSR I
@ 7 3mws Rfen frfi opafs w30y B39 1 (3.4 € 3.4.1 SIos §84))

S« Rgm N ¢ BAfow RaneR wom 371 (3.4.1 TRCFER T27))

s, pi ¢ o F 2 aThR T4 2AR ¢ Regererm aW e Tiee @ 2 (3.4
8 34,2 SRR B)

CB R Gifestiaa Srfumi ¢ RREphR o ¢ 90 FRIIna Sen I |
(3.4.3 SR HIT))

S 2ol F ¢ (3.4.3 RN TE1))

57 ¢ a9qmz CE R Giafesbicas s1duial @ @FRpE Senal o591 (3.4.4

SRR GE)

25.
26.

o @ B o TR W TF AfOD 799 1 (3.4.3 8 3.4.4 THHRA UIA)

R @ =Bl +(1+B)eg | Iepo TR Iopo B 2 BRREHIEa e wga Fi 7
(3.4.3 € 3.4.4 TICRA TI))
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27.

28.

29.

30.

3L

32.

33.
34.

35.

36.

CB Reye fafasm 1af@iraa 45° @e 79 0T F @RIT [ 39 | 1 € TR
GTErSI gl g7 | (3.4.5 SeCoan HE4)

npn BRREBIAR o= 0.99. Ico = 12uA '8 Ip=2mA T Iy ¢ Ic 79 7 (0.02 mA,
1.99mA)

o%g doR FREHR 4 @6 @ ¢ Ty 7T TR © F T ¢ «F R4 © YR Ty
T (3.5 TR §8]))

A @6 T 249 ¢ N R 9 n YA #i @hT v ¢ el BIS Fg 1 (3.5.1
SR 98)

T, e 6 TiF P 9 AR 1 [T ToF ol ¢ T AawRd efm agw |
(3.5.] Sm=R UR)

AREEB BRI orew I | @ crRifeE el Mrw atr Wy e
T 399 1 (3.5.1 SIgmER ¥E9))

TS @ T Yol G | PICTD 7 2R 8 | F 9 (3.5.2 WeURA F2))
p 2T 23T BIECEA 10w, TRHAR! ¢ TIRETAL 2R THCY W S B
(3.5.2 SIoRR 98)

n QN I SCHCEY 515, TR @ TIMABPTIER THTY TN WA Y 1(3.5.2
TR T2

TR TR IR A g, W7 g, T8 V=5V 8 V=3V | (-Ip/8)
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MR LTS 2z At @i (ac) @3 Foa ez a1 B (de) 790 araeiie TR | 98 9D
ol TS 2% (AT Frord Fa 2 16T T O W ST o |

i
&% GFFH A TR 27 oA
o TH-TAY @ 7T YA T HFH TATT 23 |

o Rfen yarma frdm T8N atains ey ATRTT 72 o[z TCR 14 T ws
JIGISCH

@ ST MRE IEA felie ¢ Ff “pefs wwd SArS 2eEs |

4.2 9F[NFA9 (Rectification)

(Il AEA7 Theear Fam 1 wnadl wws Az | ongfRe I el edin Sevn
T @3¢ fAfen Faamamm ¢ AT O EREr T W | genad] eRnEd IS 50
Hz 93¢ AT 220 V | 6 Fage &fen @qyfe g oz 2REs o | el Fog
S 2ETRS] e 2T YFS el o ey aEdt s Frafh | g eme aerdy
2RI RE AR Prefas war fAfen 3R T wAma ww @ | e aw
G 1T TN AN GRS | Q9ffeT TS 72 43073 (F) Wo-oxet @Iy qaEs
G () sjd-oren oTYNTHET | Q7O WA ST TR T RS TI

4.2.1 Td-sqe GFIAFAY (Half wave rectification)

}\
v N
v L O
3k LN N

(F) (4)
57 4.1

4.1 % ora «=f6 goirgzea Gl PO (5) A <P OIAT D € 9T SECHY Ry,
ERPTETE T8 T3 TR ! A 27! (BIrbrEa (A S e o FeaE
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T &MY (AN HAE BICHT WA AT G2 SRCALY AT T | A =iy
FITT TG [T AT AT T SRR @Al oRR WA A | SHENY Slewiie
TTERA 4.1 T Bra @ 2R @ AT BALST SRAN 1, O FEA @4 R, 9%
A (BT V, sin ot | IBIR AP sfacaicy 23R T

. Vs sin ot
rp + Ry + R,

=0 TN R<O2n e, (4.2)

=ig siné TH O <0< e (4.1)

@MA ig= Vsl (rp+ R+ R ) =Vs/(rp+ Ry ), &9 R, >>RgIR B =oot.......... (4.3)
orEpIel @ g T oRIRE |9 IAW |

. 2 Iid
mawﬁqﬁwhc:% j.idt9=Ljis sinfd@=ilnx (4.4)
0 0

1 2 .2 1 2z, 2 .
I, =JEL} 1acd9=Jg.[0 (i + 12 -2il,)do

2x n 2 x
o ji3d9=igjsin29d8=%j(l—coszg)dea:;zigfz
0 0 0
2z 2x
JBdo=1; [do =2zxi} 17 =2 /x _ o (46)
0 0
ir T
J20gido=21, i fsin0do=4il/x
0

(

O A L’f’j—'+2—i—§--ff- = Kz 2 =Ji2(;r2-4);4;r2 4.7)
™2 2 7 ox 27\2 n S

LR G y =1 /e =227~ 147 Jlig Iy =P D14 =121 _(48)
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wY-Te GHYA FRCIT THO! n =

T4 D] P 1 p2x .
' 3k (Ru+r)itdd
3Ry /n”! R /n® 4 y
_ _ A,
(r——tR ) 6do G +Rp) =n nz[ v Ry e (4.9)
27[ E'SII'I 2Tt . 2

rp<< R T A TG 2 1, =41 =0.406 | R — o 2 SHANLR AT
Fefim OTHw = v, @A W72 23z corts v T celrtw FageE T mwml
rem T

nL 3
G——V—L—— e (4.10)
iR VR \Y
4) R TR t = S L Sl . v (4
(4.4) = SR Vg =14 R e Py 3 R Elye oo (4.11)
W Iy = 0,V =V Ige > 0)=Vn
| PR
o — | V. - ~-1,. _ - — et -
LR G—[ =iV, Ir Idcfr}]/[vs"'ﬂ' Lot ] VT o (4.12)
w{-ore g Fefim et W g @fd R I R w3 oam
arweE el e @ T i=ag+ Zan COs nwt + Zb,, sin n ot v {4.13)
n=i n=1
a0=—j1dt-— |d9-~—-j‘91n9d9-1 I o {4.14)
0
2. 1 3F i
a, :,—r—chosnmldt=E Ilcosnede——i_[smecos ng do
0 0

= é“—ﬂ i[sin (n+ 1)0-sin (n-1) 9] do =2i—s [COS (n-16 _ cos(n—ll)ﬂ]o (nxl)

Tt n-1 n+
_ s cos(n-m  cos(n+l)n 11
211[ ol ntl bl 0l w (413)
SR a3=a5=a-;=.........,.......=0

=S jsmB cos8 do = ISm 26do= —[" 00929] =0
To
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K ay=-2i /3 ay =~ 20 /151, ag =~ 2i /35T, ...... . (4.16)

2 1. o g P
A b, = TJI sin n ol dl—; thm nﬂde—;j.sm 0 sin n0 do
0 0 0
ig 7 is [sin(n-D)® sin(n+DO|°
-8 - )8 - cos Nnolde = .-s. | MRV st
5 E[[cos (n - 1)0 - cos(n+1)0) 2rc[ e ) )
{(n=1)
_i_s sin(a-Hr  sin (n+l);r.
G b = %j‘sinze dB=ig/2 9% (4.17) (WF
0
b2=b3=b4=b5=.........‘..........='-0 (418)

TBAR i=(ig/n)+ [(-2ig/3n) cos 2wt + (—2ig/ 1 5m) cos 4t + (-2ig/35m) cos 6wt + .......
+(ig/2) sin wt]

=ic| L+ L sinmt - [ 2 cos 2 cos 2 o
= Is[n + 5 sin et (31{ cos 20t + 157 SO 4ot + 355 €08 6ot +H

4.2.2 ’f’f—W él?ﬁﬁﬁ"f (Full wave rectification)

4.2 7 fora Ad-saen IR T @A 2R | GITH FPISRFA (e P&l
S-43 ¥% oifred M 76 TS D, ¢ D, @9 AT 1 AN IR Wl sme
(centre tap) ©ICIE g7 Fee@H fqe 3 SREA (R)) TR ¥ T A= | G
FEAR AL GANS ST D AT AW STCH AT, TG SRCANY 21T T
TR A WY -ATDE D, SIS SR 6 D RS e e ( 2 D,-a WA
AR T | (SICOF ¢ IACHT @Y 4.2 R BTT (RGN ZCACR | (4.2.1) SR HIae]
TR F(A @ AT

i=[Vg/lri+ Ry} sinwt =igsin L (420
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(@ANA i=igsinb T (<0<
. (4.21)
=—igsinf e+ n<B<n
™~ VA
W ke
OE———" N A
ja N YY)
€ oa 4.2 =)
i 2 1
ToaR I@:-Z—E'glde—ﬂ{j‘ls ss1n(§i+_|‘-—1S smede] 2ig/n .. {4.22)
I“‘“ \/2 I Idc de ‘j_ +Igc_21dc l}de
1 [ n 2 41§ 415 n, . Im .
=5 [Tigsin*0de+—2 j de-—j ig sin 6 d0 -[ "ig Sine do
=\/%1§ 7+ 8i5 /1 - 16i gm] =Ji $(r?-8)/2n° ..(4.23)

TR e y =1 /T, =\/i§ (v -8)/2n / Qi /m) = [(x* ~8)/8 =048 ...(4.24)

In 2 2
_ 2 1 .2 4]SRL!!T[
gyl Tl—Pdc"Pi—Ichszn g(rf"'RL)l de +Ry o

2n S
S8R, 8 -1
_-___ = (l +r. /R )
n (rf+R ) o vk @2
Vo=V _2Vs/m- (QVg/n=lpr) gy
(BIC0G fEged 29 G = v, 2Vg In—T,. 1 T2V /w1
.. (4.26)
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i @ em Fea Ffee oA § 4,13y ™ TR S efew w1 @

_ 1 T‘ _ I 21':‘ _ iS 1 2n ) e
a, _T-j‘ldt-% Ilde—i—i[jsmed@—jsmede =2ig/n (427
0 0 0 n
_»21'- _] 2z \
an-T—i[lcosnmtdt-—TEgcosnB do

=l {[sin 8 cos n0 do —-_[ sin @ cos nd de}
e d

- n 2n
P%E j{sin(n+1)9— sin (n—l)B}dB—I{sin(n+1)9-sin (n-1)6) de]
LG n
_ds {f-cosn+1)® _cosn-1)6]"_[-cos(n+1)8 cos(n-1)0)""
2n n+l n-1 0 0+1 n-1 .
_i_s[cos(n+l)n_cos(n+l)n_ 1 1
27 n-1 n+l n-1 n+!
+ cos(n+1)2r cos(n-1)2n _cos{n+ )m N cos(n —l)n]
n+l n-—1 n+1l n-1
_isleostn-hm 1 |
_11:1: n+l n~l-+n+l](n¢1) e {4.28)
i n I
Forn=1a;=-% jsinecosede-[sinecosede =0
r 0 1t
TSR a; =0, ay=dig/3n,a3=0, a3 =4ig/15m, a5 =0, ag=-4ig/35n  .....(4.29)
2 ¢, 1
by=F |i sinnwtde= — jn sin 0 d@
0 0
i T n
=3 fsinBsinnBd6— [sinsinnodo|=0 (4.30)
0 1t
. 2ig  4ig B 4ig B _4£ _ i
ToaR l——-& e €os 2mt % cosdmt 35, cosbmt- . (4.31)
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4.2.3 & élaiijﬁw 8 $&l (Bridge rectifier & comparison)

437 Fra ool M off-oae GFYAFMR [P (rRAA TR | QU
5 A D, Dy, Dy ¢ D, T2000W. [§eea 01 Ta7As 51l IS el aea |
STFTSTAIRBIAR RIS QA SRCANY Ry FARIA] (AR | PATTAF (Tl S BATH
A T SN AP D, 6 Dy TG ARFT QT R -7 W 242 23 |
YN GERIPA D8 D, WA AR T R -4 S A | G0FCI N FOATS
AT i TS T A1 | T SRS 9T (SI0T ARTeNs N ey =11 Iaziead e
Tt coreoe fRej < | S BT SIS IR F(F FAOR o6 (AN, ©iE &F Faw

53 4.3

DS GFYNFAE Fea o I/FT W1 9w sjf-sae @FYNTRCFT S LA
ST () 482 8 I wHSIF WA 0.812 |

A S 9 ¢ spf-sae GRS Tl F34 |

() Td-Tret aFyRATA 4B @3 ~f-wRe GFYAFA 7O LAY TIZS T |

() 1% A @Az T GE 8 7)-oFe GFYATTCS IS ig/n '€ 2ig/n |

() off-waen GFYAFRCT Toive TroR T wE-THe aFYA PR G |

(@) <% TR AR BER TN TE-Iq ¢ of-oe GFYIFIAT TAFA
ig/2'8 ig/V2 |

(8) WA TR TN 9 8 ojF-oTe GTYATET (Fa TNFCT 40.6% S 81.2% |

(5) 1= YT I T ¢ f-TTH QFYNFAY TAFH 1,218 048 |

(® - TASRAT FERER T AE-Ta] GTYANPERCTA G S |

(®) of-vaet eFAPET RIBIATE WF !

9]



4.3 513 (Filter)

@ % AL S (FAceT R T eaneg Tor e | e fefaea
TR PR (b Boiad RIS ANeal a3 71 | 97 FEd TR e TR
T 0,482 | FTRA 2R FACAR T (o &g SN AT 6 GFAAFACP 20
FFom T2 @ T =7 | frbitar sitw axais e @re Tt credt « ifen waiee b
IEA TS ANE @ ¢ (F) C-Fom, (V) L-FF0E, () LC-FoBr, (3) »-Fom 1 =
GITA 93 TN [aa SXeATA T

4.3.1 49 6| @ ¢ feole

QSTTERT ¢ SRCANLA THF TABACH 36 4= @ 73 C-f6im stem aw (b
4.4) | 4TS TIPS 40 W T I WS T | HRTSEn ¢ Sfosrwr
W SIACANY ST T | T TR 7 [0 T T o1 | (SBTea 91 o st Mafwiera
& W | A WA V8 T V, W, OF G T (SNTHE W Vo= Vg - V72 4TS
TG WEARATE 403 qB 40 KA ARCCed AR T3 [ T/2 | 4 A
CICHTES W |

V. =lge T12C = 13 /2fC e (4.32)
ST (ST V. =V, -1, /4fC e (4.33)
VY TY Y,
ek D e
=g ae
(®) (%)
foa 4.4
wIAy Fsfm otrea 391 eegiod a3t @ (STHrad oIedes T oA
Vs = V/2Y3

V 1 Vv, ] 1

r

z g :V SIV: L = X = ...4‘34
JIEEH\ET@TTT%Y m: T 2\/5 IchL 2\/§RL 2fCV|. 4\/§fCRL ( )

@R TS = 1= 1/N2fCR;, o (4.35)
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4.3.2 Sasd e i L-faenn

v 4

L
vegat " Ze,
s

¥

w
(%) (¥

53 45

arHE @ ARY @I W L, SiReai Ry ¢ aFYATES (B9 4.5) Wy 13
TF AT | 7-0e] AT NPT (FLI (OITOCSA N (4.31) 7R FNpac S gl
@l ra=E I AR

2Vs [ 122 o 2 e deof — 2 _
V#—E—[l——jcoﬂwt Ecosélml -ggcosﬁwt } o (4.36)

AOAR V4. =2Vo/n
Vg
[d{,‘zvdcf(rf—'- RL+I')= Tt(l‘f+ i+r) | (437)

I +r
Voo =14 Ry =2V n [1+ R, J

4
(4.36) R A SRR TR (SIOTS —B‘f cos 20t 9T FZA AR (4V cos 2mt)
/37 (rp+ 1+ Ry +2joL) I r GG (AN, ¢ ST G | SR 5G9 12 &R
I [, = 4Vs/3V2 n[(rp+r+ R )2+ 40?22
rms f L

4Vs n(r +r+R)

aﬁ 51@1@5 1= lrmsﬂdc = x
3\/-2?\/[1"\ +r+R| )2 +40°L7 2Vs

_ \E(rl- +1+Ry)
3\/(1“,- +r+R ) +40°C

MGETE 2L > > (rp+ 1+ Ry ) 9 rp+ re<+ Ry 1 ol
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_V2R,

Y= 3361
OL-93 W R -97 IR R 30 o2 SJTesa W T IR FHATES AGC 2d I
A |

4.3.3 LC-fwm

=R, /320l o (4.38)

C

5% 4.6

GATH CRCAY R, 44 ANGASA 47 C qR & TR AL L TG Fq 2 |
fdre | er=dlm Aty IuE HiE w09 | arwi el res elaangs Thw feaie @)
(4.36) 7 FAFAY ST

Vie=2Vs/n
Ly =V fre+r+ R =2Vs/n{rp+r+R)

AR (SITHE = %cos 20t — e (4.39)

Ry /2joC

sffeas Z=(rp+1+2jol) + RLW

ATFLE Ry >> 120 CE9R (17 +1) << R O

oA AT AL = 4V o/3n | 2], 2 71xR emwzm B = 4vs/(IV2n|2Z] )

4Vs n(te+r+Ry)
3 =L Flge =
1Y f’iﬁ "1‘“@5 Y nm dc 3\/51!’2')( 2V5
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-.E[r,+r+R,_J

= R

- A li2
[ dwtLC-1]
flr (5]

-0 (908 20l >> 1/20C ¥ 40’LC>= 1 | Ry ¢ C-a7 Tty fea ared wam
I = T RL: 12| g3 l.rr1+r]n:f:RLﬂﬁ"I

¥e L (4.40
32wl 6wl.2wC  124°LC weee (4:5)
4.3.4 .TFe6mE

477 fora o fiFbm a8R o wome ) eWE LC, B @ e A ©) aee
FATGA FBA TACE | A& ¢, Frbias way ored ofies wa

n

T —m v (2410
afF Lo, Bbinan o s e =3
1 IEmELCj e 1442
eI

avﬂ%__ L RL

s T €| TG

5z 4.7

I
1246w’C,C,LR,

4.4 CSow fFwge @ eiewd AwR (Voltage regulation &

power supply) R

_.Wamﬁﬁmaaﬁﬁ%ﬁww&ﬁ;mmmﬂmﬂ
HeE (e FEETS e T

HEAL DI R e Y=Y = e (4.43)
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CTYIFRS ¢ Bl TR 27 odE Fger & [ode s @ oS
AT T S AT | GUHCE SHAGS et Sia SRPers e T3 | o 7R (S
SRTAY &A% T IR @A A0 Wit @S A | g «ff o e s e 1 Iw
AT (P (TR A g 787 901 92wl (4.8)  ora e wpe awen @
(ST g9 B QAT 2 | QA Vo= Vi + Vg 988 V) 8V, TSR Vyp -7 To1
IG IA V= Vp

¥ 2[R I =10/ = V¢/BRy.

TolRa WA (D @R TR (@ ¥y GAFTs ¢ dr e Fofm eicds
frgd T2 @ [ | ol (SHT (F) ST SeEa (SH%, (4) SRUAY ¢ (5) Tl
o ST | @FEe RiSH a9 I FA W (SIS Mg 99 o 1 A
A WO AR | @) 3B @ I”TT W

4.4.1 cuift FrgE 3G (Series regulator power supply)

4.97 e i Frrge *leuE AeiE T TR | d-oael § aTIAEE € -
frdicaa ~i7 wivafie o e qab 98w s e | Flm @by v, @
T QRN BV - (F (EAICA e (SNBrE A FEA FA W (E TS V) 1 (bV- Vi)
e el (oIeh0s g 7R T3 | 9% TETE T, FRieeHi Raffe s = @ T,
Gifertica frrme i <1 | SO (OD® AT A SN TV, T 1 SR bV 9k
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.

-

F.

<
ARALA

—T K3
L (‘;“2
Sy —= €2
=
oz 4.9

(bV o= V) TS | €7 T T, GAREET TR @ SRRIGT AT ( Vg TG 4R AT
BRAIZ | ISR | Hefte (B AR Fo A & T, Bferoiad B ez e | 799K T,
QITEPBIA Vo TR 932 98 T Vo I |

4.4.2 59 *r4fS

AL “1TE AIRAE Pt & [, V'8 Vg @Il 941 | 1 -3 I ST T (e
@GR o[ @ @GR T TR TR 7T (SBE V2 A @M | 9IF T -4 T

Ie =1,
... (4.46)
Iy =Ic /hyg =1 /hg,
a9 I =lc, @3 o I My, =1g /hy, =1 Thg by,
.. {4.47)
R Ig= Iy, 403 78 Rg=(Vy- VR)¥Ig=(Vy- Vp)/ 15,
[ >> IB: YA @9 E bVg= Vg + V}_:,E3
.. (4.48)
R, =bVyl,
oAk I =+ +I5)/ hy,
v (4.49)

I=1ly +1¢,

97
EPH-10 (BO1 & 2)--7



@R Ry={{Vs| ~ (Vg +Vp)I/1 o (4.50)

AR I, Vo, V& AT T, T, Z, Ry Rg R, R, #fT o1 969 @32 I9ans
(bread board) “{1eT1d AR Al T @O #ATA |

4.4.3 Twizad
. (20V5V) S JRICT (12V, 100 mA) 21eT@ Fsig ol |
T, ™9 ¢ T|-93 argmen 0w |Vg| -V =25-12=13V 122 ]| =100mA,

Aok I 2100 mA 91 = I3V X 100mA = 1.3 W { IR 1.3 W-a7 @f1 w51 9
A 2R/ 200 mA-F W @7 GRS Qe Fre w3 | MRt AR @3 hy,
fefn we =a 1AW he WO Iy =1 /b, =1mA |

2T 2 v, = 12 VISR @R ST Ee @hs 6 V-9 @ e T3A |
T Vg =6.5V |

T, P e Vg, = Vo# Vg -Vg =12V 407V - 65V =62 Vil =I5 =ImA |
BTG =62V x | mA= 62mwam7mw.m@ﬁwmnmw
o T | WD by, Fefa 9o 1p, -am%cﬁmmmﬁhfez—mo I, = 10pA |

Ry FfT ¢ Rg=(V-Vp)/lg=(12V-6.5Vy 1y =55V/I0pA = 550kQ |

Ryffa s Ry-08 @212 e, +15 =2mA; [Ve | =|Vq|

Himin

V-07V=23VR;=23V2mA=1150Q1

- Vg, = 15V-12

min

R, R, e 8 bV =V + Vg, =6.5V+0.7V=72V:R|/Ry=bV/V(=7.2V/ 12

V=0.6R +Ry=Vyl=Vy/ (Ig +1¢, )= 12V/2mA =6k Ry = V/1=6.5V/2mA =
33KQR =27kQ |

4.5 #EI™ (Summary)

| ATTRE &R 6 (BITHWS A 21T € (EHrE PHeie 7™ IS 9Ty IdES
Q|
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2. SE-oFel GFYATEE 8 S{d-oae GFYTRES WYl FereT %S W)
3, fiefae (oHa o2 AR A QEIRNPRCIT 717 FHR a9 9T IFA TW I C,

L,LC'8 n I¥A TolIe WiFe WA f&ha 3o agme |

4, *NeTR AHRTS i} Frage 39N T3%e = | 92 I8N b GFiReDa 8 bl @wim

TIATG FENCAT ALF

4.6 ewE 8 T@awiel (Questions & answers)

o

NIRRT~ N G

11

12,

. TIPS IS A 9 (4.2 T G37))

foeptz wid-oFe! qFYLFEACTA CFG TR 9J¢ITeT ¢ wFold M foeft B8 1 (4.2.1
TR WRA))

Af-oae GIYATRTT 1T A (oNHE, ATl (ONGrad i, 72d s o
O W #9901 (4.2.2. STEER 34)) |

e 9 ojf-ore GFYNTHIT THA TG | (4.2.3 [0 )

s aaydiEs F y 229 Ra ok S 3991 (4.2.3 SR 929)

R A 9 (TN IBACS FIZS W | (4.3 T(RA WET))

L-Trbiea sj-oaesl TSI G 2R NP TS 9 (4.3.2 TRA FL)
- GYAPRETE C-FEBIR FICET o1 Yres F WA 2 (4.3.1 TR G27))
LC-f5m@ ¢ sjdf-waest aaq s w7=Al oJeires Wefa 399 ¢ (4.3.3 Wpom T8
- SRS anal I | spl-TRe GTITRCEE (G AR ofeirss el
TG | (4.3.4 T0RA TE))

G35 - GFYATT 20 : 5 FOBAEA AR (200 V, 50 Hz) SRS

BLAT AN T | SRCAE 2 kQ T NEHRT 2R 8 (FUHH I© 9 TFS| TS ? (1=
50)(11.23 mA, 22.5V, 0.404)

117 200 T -Tae] GPYAPEST AR I Ly, Voo Ly 1 1708 TG (1= 10 Q,
Ry =990 Q) (22.5 mA, 22.3V, 27.23 mA, 0.401)

. off-TTen QTYIPEE 1y = 350 mA, Vg = 10V, f= 50 Hz | 41 B a7=@

FAE 18 1 I 9 (C =200 pF)

99



14. (200 10V, 50 Hz) B3 Fgol 3o@TF SRS 72 (10V, 500 mA) #1ea@d 72l
fovsfier e a0 ¢ 2 T Boantem T Fefa v 1 (hy,, =y, =75,V =5.6V)
(10: 1Ty : Ig, =500mA,P=55w, [g =6.67TmA;Z:V, Vp=56V:T,: I¢ =
6.67 mA,P=34mW, Iy =89 uA; R =49 KQ; R, =420 R, =3304))
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a9%% 50 [as T (Amplifier circuit)

QP L]
51 e 8 Sty
5.2 fad s @fafem
53 ok @4 e Q
531 Q & ~nfiead
532 SISY ~ARA 8 SITHES
533 Doz aam
53.4 HAWH I ALTHA I@H
535 i wape amm
53.6 wfROES ¢ wwreh I
54 CE farg sty Gl fFads
541 Q s
542 CC e
5.5 wtuTes [ads
551 e wepa @ Cp fade
5.6 Wy ke
56.1 RC yIR fads
562 3oMASE ¢ ArFIR YA el
57 el f@de
57.1 BE-crE A opt-om fRads
58 (@R FIes fqade
59 frerns, “miafie a @nren et
59.1 4Ug® S YT @REYA
59.2 @it faada
59.3 faada suifig

101



594 fgfe zm

59.5 TRE I
59,6 FoEF FA
597 wi fagfe
59.8 wonTa efa
59.9 Tt afsam
5.10 e
511 ewEl ¢ TeEwEn

5.1 &R ¢ Trapels

ggEd! 2

SRS At @PFIR T8 TUbiFcd O fiere e qiem iR ©f w8 (RIS 2{ia |
O A AALAR T NP T Fade T8RN 4T T ST | T8E ST
= QAR SAOW S I(H NAPFC ©ffe I8A0S (@ Sfbeamrg A O0va
sigew 2 27, Reds T2z FiE = GHjfers 18R Tan affe war | Jalfe «3 ofte
MIFSAT AT HFIEAT TGTH * ALICO PATRS A @O = (e |
e I¥Mee TE 31 37 FIFT any Rada sa o) @ gars R[fon Rads 79
TS 23 |
TTwTy 3

92 GBI AP FCE AW FTWCS SAREA—

o RfFY idRen ¢ Q ™ =i Rfey Imm orafe

e CE, CB 8 CC Raftzn Rfen fadarss ¢ afeain

o FMTTG 8 THIHG I 8 [_da

o IZoNM AT Radares ¢ Twmae —RC T s

o TS AT fRdiesr ¢ wrel W3z Tredl BRI-oen RS

o @ fRadian Afey Bead |
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5.2 fada ¢ @ifdfTst (Amplification & classification)

a2 Rer TSR IRCY SRR 2[R, (ST q WHONS ouE Wre HiHena
e a1 11 | 92 @ICF GEfer R IR wa i fem Song witenfoe =< 157 wiea
HCFGLE (small signal) TFe TP RRES 371 =1 {99 (faithful) 945 | wmam
S (unfaithful) R340 ) Rew Radtma oo (3) Gnferbam Ssmm a9 SieRmEs 6
el 98 Rerfe IR 43 | (}) $-Rfsas onbs ¢ o (i @t 7w
FPIRAIET 0 1 (51) <A LS iz &g AN 209 | (9) Ge-97 & Vg 4 0.5
V @R Si-9% & Vep & 1V

fTads asane Rftmem afifen = am 1 ¥ efiRen 7 7B =, Frq 9
ot =y eifre wresfe =@ SRt 5.1 = ARfiTe @ @fdfFen G R |

A2l 5.1 3 Fadq qfe qom

cetfers A @iz A A
[ I92@ Sl (3) onhw [ 5 feinfam efaia
(¥) Wl A earg Fada frm foofm effSan
2. e w® () e gfi (CB) fRds
() ARe R[few (CE) fads

(o) A aZE (OC) Rads

3. 5% ez @t () e Frds fafte F=mes »ifby Rada =
(%) ST s AT T TS A6 Hea
4, A WG (F) A &=f IR A A @kl @R
TS} AT ATS
(¥) B & Frfa e wderfiee R eR
(THF TR AE
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(<) AB fd

foefae eae Serfiraa @t
WA AT

() ¢ ™[ @AE T UGS BN I
¥4
5. Toofles SR () BRI &AE (de) o ooesy Jade
(4) ¥y 0T (af) (20-2x 10%) Hz F==iicesa ads
(5) TLRE! FAST (if) fafi® s=ires #ifba Rada w3
() TSR F~ET (1f) s TAUHE (F(I 70 W
(8) Fofos 37941 (vf) (0-5x 10%)Hz F>esg Reda
6. I S () RC A sgeig Wi A @ W
R
() afSat o 7o 1 fads s foa 79
(51) o> LA T4 8 G PEEACS AL [T
(]) AFTS I 7R gV 3w AR 39

5.3 fqads-adqa Foa sI@a &9 (Quiescent operation)
o @4l «32 Q M (Load line & Q-point)

MRS 35S s @ ordss Rifs s 71 o w3l Gefertiam s e

fafarea Tl WNARE FACN T AT Q12T AT ATATAT ARG 341 T | A=A
Tl fdre g SRTAK T W | oR IR fJfen @ Taraffe Raden e ae
W W G e (e I6F TF (indicating instrument) MeereEE, @we e

(relay) T (TS IoW SfGe &, To3iw | 4@ T& Giers@l CE Ranet acwz (ba 5.19) 1

Vee=Vge+IgRp |>

Vee=Vee+IcRe
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fofarm a1 aves T 1 O eRNER (1) Toim ST @t 1o= g 1 st i@y
7] A @ 4t #if s 2w (5F 5.19) 1 9R_E (5.1) T A T8t s wnem aw

Vep=0 @ 1, =3’{{99

L
e (5.2)

=VCC =a IC=0
5.2 W WP RYEER IS @ 79 (0, Vo/R) @ TE 9 (Vo 0) A
foralom Ty iR 5.1 ) BB @B %2 A% weeadn g8 < SR iR aF | weelE

T A TP TGN [ =~ ~CE. 4 VCC Ferarfs 21 SFaat a1 76 — R 1 @2

C RC
TITS N7 SR Vo 6 -3 T SRR @ Ry Fom w03 w1 21 fom e g
{quiescent point) I Q ™M (B3 5.19) 1 (5.1) & IR 2wfs WS @ 1w, WM
o &A= (1) &= Frsfam ey e @3l MR (Vg 1) 92 20a siacaes
Q &1 wefie srAd ¢ FfR [p-7 Fsfam Taf®) cavma o o =3 Q R ) afw ez |-
7 MW 2349 391 TN (WS AL & O S 2i3) OE Q Y SRae 3977 o
A AT A WA GR I 937 JHBEIE H =E 23 | @ 3% e Br 270+ Q-
7 9P 2 Q (5 5.1 %), W 1, WRRTAIN SRS MR 1 Sira @I SAfadae

LTS (SIHE FISrHid e e Q e oo 203 & RIS el I3, g wdie
Ao SRR T AT I |

Pas1®

o 5.14-© < [adT TTNTe ToH-NH TS WAS 2= #ba [aga fa
A TR | TS WIS & PRI-21FNRT #If8T9T i = (ig)g sin ot TH AbE AZF-7F
ATF @RI TCT—aE LT Y-S SRR AN TF | TNHG A AL R |-4
feagas (Tdie i) St Q- AT ofde ware—i- w-wrslb taMPram e
TS, b1 7 TG | 92 STORPFINEE (3 [FF 72, @bt O SRuRiTs W (e
TS I )
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e W AT
&
[ N ,
NN
[ 8
oz 519

531 Q ﬁﬂﬁ i (Q Point stabilisation)

(@) FiRferbicaa a9pfs, (¥) MFTSa 79, (9) g SR W, (7) afequa Im ¢
(8) IITeA [Plog MA@ 8% ¢ (9 Wz Met | ©7 @-@Ie gl ads agirs
Q o= »rfireae Tl 1 Vg @ L-FRE ATt Q R >l =1 96 1 Twom o fgadfie |
S e RV GER-TIE R CE DRl

1. Ico 8 10°C Twet R fasd =0 |
2. Vg &fe oft Txet 3fMee 2.5mv e 9ig
3, p BEor My HfFEfEe =

TSR I, Vg @ B TTOR 3ia “ifaafee 2 ate [ Fon iee w1 912 @ fonlb aii
AATE -7 AT =AY sjetres e |

o
o Y eires Sco = ﬁ -
- = ¥BC:
[ ol
S saifirg sjerss See =| 5 - (5.3)
L7PBE Jige,.p

TOR PG 5l SB= [@-59}

[{‘O.VBE
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foafs e way 2wl S MACHE UGN | PO GITE (3.21) & FHiwad
SR Ie=fIB+(1+P)leo

Jeaw  1=P@ly /)y, g +1+B)Oleg /Ole)y, g

a, Sco =0l /Alegly, p=H+PN-POlg /)y g ... (5.4)
(5.4) T TR AR AT O] LA A § -7 T I Al Sy = 1 WA i
(Oly 1 Ac)y, o B=~1 W, Iy JRA AN [ 2T 2T TP |

HEAK 1 6 P ISR AR 20 WA [ 8 Vi R it a2 Q favga wifig
G AN |

532 SNY YAEET @ ST F (Thermal runway & heat sink)

Gfeetr fedee Q 7 il &l =@ TFSE MY 1o TR AT 9 [ ¢ IR A |
QT &lITe O G WH ¢ To % 2 | TS T WA [y TG ACT IR AT
Afkree T Toe za fnfiel Srmfie Tye! mar wfeaw T | T GRfEvEb <Te a7 |
4% ToAE ST IFTA q0A | TN 2RI @I FAT & (@ QA 41RT o5 S8 7 OF
6t8 @AM YE S TIHET 2ol oS | TG SIS R T T 4R
SFERNRIN 3 S @il 4199 g FI2T 9 |

5.3.3 %7 AWH (Fixed bias)

g e 78Te w3l T (oITE Tt WaRE W Q g T F T 52 W
fota CE R npn GREHIE Voo (O0%-B airaitsl $fi-Rivas wfes wermms
O ATRF-Pi ARGS Roifre IR A AR | WO SR Voo = [gRp + Vg | NRY

- 0 Ve
Re C
C, I'C" ©
o4 2
V.
o
Vi
O— £
f5a 5.2
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(5.5) 7 FAwA A 1 YEECAE HE TS A | WEE (Flg /) =0

ST Spq=(1+ B/ [1-BIEIB/AC) =1 +p e (5,60
ﬁ'&m: mm vtt':IL'RC'I"".'I{:h qT It'=tvCL1—\h'rt1h:||rR(

wean e a1 Qv ey e w1 P g -1 B Tdadls a A are P
A A0 | v Fr Q B eiem am A, (5.6) W HEEES T S = 1+, OFW
SERTSE WA (40 TR el e 9 Ay e ann vt R 8 R w0 st
F1 T | TEATE C, & C, T 41 e ¢ sl eiie 13 arve efewrs wuas ents
8 W (ENHE AT AW A g | Pum cehima 2w s Rl gm wiben

5.3.4 TEAES T AEGAE WA (Self universal bias)

A 2 AEEAR e e o 74 A5 € W 20 R, 2 R, (HEY 19
erhE Few T ) a9 @0E Tee 299 (voliage divider circuit) T IR, € R,
@MY 2% Ve / (R)+ Ra) &% R, G0 28 (B005

VieeRy IR+ Ral=Vyg 3T

STF e (SIhE 99 T | BT 4% (O 4% (SIChE 2N R G AE | ehrE
e e e e v oo-cs wfa & are fiwey com @wmowm ) =R R, 6 R, BRE
HALAT AAEATE SEr B0E | HEAn
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Rp =R (R,/{R,+R,) | e (5.8)
G S 2R AT

Vg = IgRg + Vgg + (Ic+Ig)Rp e (5.9)
WS93 (Olp/ dlc) = - Rg/ (Rp + Rp) e (5.10)
IR Sco=(1+PB)/[1+PRg/(Rg+Rp)]=(1+BNRg+Rp)/[Rg + (1 +P) Rg]

W R —> 0 W W Sp— | 9 O RS 387 | g Ry @O T 1
@MW SoI6T & | SRR Ry — oo TS Seg—> 11 Y R 3 otat v A0
TEPE A 7 Q T o A 11 OiR o el ¢ WE XM WG WA AR
SRR &2 T T I (1 + P)Rg >>Rp T OW

Sco = (Rg+Rp)/Rg=1+Rp /Rg e (5.12)
22 B-7 T ORI W, Rp-F TG HIFF Cpp-(F AR 41798 e | e T g
a7 O &fOUT T | 97 TS AR @FA e a3 Tt 153 T 6 2 fora
AEGA AR € TSR AL (AR |

5.3.5 Tfea® wqpa IR (Emitter follower bias)

fafras oepa AT AgEe stes RApey 9@ 39 @ 1 5.4 R fra e ofirs agy
G i (T RiTaE 9N (A0 “NeT T | 9w

VCC - IBRB +VBE + IERE ..... (5 l 3)
¢, ERe %e =Vcg+[gRg
o ‘o @R lg=lc/a=1+ply .. (5.14)
*_nz 097 Vo=V + [g{Rp + (1 + B)RE]
m& IB:' (VCC _VBE)’( [RB + (I + B) RE]
53 54 }‘ ..... (5.15)

(5.15) | T4 7R I Q g Ty = wimy
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'5.3.6 TATYTTG @ WATTES WA (JFET & MOSFET bias)

ARTES I AT (SIS [FOg T4 JIZA FCA FIANH AT AW 155 F, 4 G 9
fora Afreb 92 oRIFS ¢ T PLTHET WA TSN M LW ) GAA

Vg=R,Vpp /(R +R,) “

e (5.16)

R, 0L
R2 e = Vip
(®) 36, @t (W) 9 it o) aencdir GE

f5a 5.5

(5.16) T HAFA ARCDOA (FTd ATAGT ) PRECHA (FA
Vas=R-Vpp/R;+Ry) (5.17)
iR (5.16) 93 (5.17) TR TR NG ARTES @ WHF6A Q [/ =Twast F41 I |

5.4 CE fatsg #f4 Giwfersa @@4s (CE BJT amplifier)

563 ¢ ¥ g o [Rew a87lte FRFPRR Auas [isas (CE) f&org At
BRTEP5R (npn) RRFFa T @ h AR TAREH A LA | GIH s ¢ Fsfe
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(STCHTER WA 21 1 3% 22 L S h A IR I RGNS T 8 Sy
eiTaTEAT AR Ff w A | e e Tt v wergdld afea zs, o afea
7 4R S ¢ Feofe (et 3R 2T IWFI V,, 1 ¢ V,, [, |
(F) exz adarss ¢ 5.6 2 forg Fefm s
Ly =hpli+ VeV,
o (5.18)
S Vo=-2Zi1,

oo e oh (519

TET §, (1 +hy + Zp ) =hgl; mwﬁa&’m@mie:? e
i theely

@AMA hyZ) — 0 & ATS AN | 767 ToAsiw JITE IR 2412

i¢=V¢/Zg L (5.20)
AEIR 210 A Radares (overall current magnification) Aj, U0

A =1/1g=U/1) (/1) =A; Ii/lg e {5.21)
R [ =1Zs(Zs+Z;) (5.22)

@A Z,, T S &fe3idi | 53R
AIe= AIEII f‘ls :Aie ZS !’(ZS'F Zle) = Zshfe / l(ZS + Zie) (l+ her,}]

..... (5.23)
() et e ¢ 7, =V, /1,
..... (5.24)
ST SRV =hiJi +he Vg
SO9S Zie =hje+h Vo /Aj=-hi . Z) 7l 1) [(5.18) & TRFAT 29|
= hje~hrehgZy /(1 + hoeZp) = hie . (5.25)
QA hooZy =0 9 h,— 0 €A LWL
(o) conehw RadEres 2 A, =V, IV =71,/ Z];
T A Zem P (5.26)

(I:h-chL )Z,,
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v, Vv, V, v,

Vo V, Vg TV

QN V,=VgVie/ (Zg+Z;e) . {5.27)
udie Ay, =AveV; /Vs=AveZic/ (Zs+Zi)

AR (oD RN A, =

— +ZicZthc _ _Zthe
(Zg +Z, XV +h Z)Z, (Zg+Z, )X1+h,Z )

@ el afea ¢

V=0 IR 7 =oc T Tofim eifeqat Z,, =V, /1, | e (Y Tk BT (Sirha
FRAME SR SReA A T |

ZSIE + hieli + hreVO =0

Q'L li =- hreVO ! (ZS + hie) ..... (529)

:;Tﬁ"qw hfchrevo

TSAKR (5.18) = gl WA [, = heel; + hoe Vo = ~ S 4 hoeV
S ie
=1
— hfchrc -1
T 7= | b, - e | =Y, .. (5.30)
Zg+h,

(&) wwel [adare® ¢ A= P,/ Pi= V, 1,/ Vil;= Ay A =~Z Ai?/ Zic

fadza w1 (OB (dB) Wel =0 Wi’
dB=10log(P,/ Pp=10log A,e .. (5.32)

AT | mW NI 0! 41 2 | 7 W {Rofam e 94 == 101og (7/0.001)=38.4
dB I 38.4 (TPII SO 1 |

5.6 7 e F @ ¥ Gl I @ AW | =g, [o=Ic, Vi=VBE Yo=VeE Noe © hre
TN 403 @V A
Aje=Ic/Ig=P=hg
Ave=Vegp/Ver=—hpZ /hie= —Z1 B/ e e (5.33)
Ape=~Zchg* Ihg =Z; B/ by,
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54.1 CB R@%F (CB amplifier)

5.7 = fora gtae g (CB) fatag wf GRIEESI (npn) [Redte 1A @ Tz |
QYT P ¢ SR (SUHE 933 I A4S | CE [edted wret gritee h-af qremE
T T (5.19),(5.23).¢5.25), (5.26), (5.28),(5.30) @ (5.31) 7Aad IJITT ]I 12

%
ST ot
o Y
10
Vs
O- —0
foa 5.7

Ajp=ha/ (1 +hopZ;)

App = ZsAip / (Zs + Zip) = Zghge / (Zz + Zip) (1 + hgpZy )

Zin=hyy —hyphg 2 /(1 +hyZp)

Ap= —ZiAp/Zy=-Z hyy/ hy (1 +hyZy ) ~hp hg Z ] o (5.34)
Ayp=ZipAv/ (Zs + Zip)

Zop, = [hop = hyy/ (Zg + hyp] ™"

Aph = Avp Ajp

54.2 CCf@s (CC amplifier)

4% Rada RFaE Spa 390 T (enitter follower) TR fRe{a (obe Rides @
(Rg) FATH (6T T | @A O ¢ SIw (OIehE G392 W AT | Sl &8 T6
T TR e o8 Wne T3 | Fofan fves onds s gt ertws
SR A | (5.34) T AN AR FA Fefres ¢ e T@ oftem 1w

13
EPH-10 (B-1 & 2)--8



B3 5.8

Ap=h /(1 +2Zhg)

A =ZgAi ! (Zs+ 2y = Zshp I {Zg + Zi (1 + 0y Zy )

Zie=hi —hhpZy /(1 +h, 7))

Ave= ~Z Av! Zig==7) hyd e (1 +hy Z) = hy hp Zy | i (5.35)
Ay =Zi A (Zg+ Z2i) -

Z oo = | hoe = he e £ (Zg + ™!

Apc=AccAic

Rfere wpa @ wiee @i ST @A fR9F | Rp-(9 Teot A (OIteR
WA (SICHE T T 1 CE.CB 8 CC [y aifeiifera m «)23 | a9t Feita 7147
T 5.2 7 FAGS RICA AL !

5.2 A ¢ CE,CB ¢ CC s h afim 1%

CE CB CC
hi. ~ 2kQ hy, = Bie / (1 + hep) h,. = h;.
hge ~ 50 hg = — hg / (1 + hy) hie = — (1 + he)
he. ~ 12 x 107 hy, = [hje hoo! (1 + )] —hpe  hjc = 1
hye ~40x 108mho  hy, =ho /(1 +h) hoe = hye
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5.5 wtTes f@ds (JFET amplifier)

AROFS e TN W 4T O A | @ AR B RIde A1 ¢S R e
AaRe T3 (CD) frds 1 5.9 T Brer sz oot TRes Rads T99 @il =g | R,
€ R, W onhg oy TN Qa9 0 FREHE @RERaR AT S amm
T T | AT (STDT BOF Vy, 948 BT (A R | Rg-44 ARG AZAM 417F Cg T |
QYA ST @19 R, =R, Ry /(R +Ry) @3 ol G0 Ry € rpy-% MG 59200 2
Ro=Rirp/ (R +1p) | FRCEFET (BT [y = (V5. Vips) T (3.24) T FiF2e 7927
A @I A

ip=Vgs&m+ Vps /fp
C}]’c{g \!DS -~ iDRL @13 VDS(“’I'D + I;R]) =- VGng

~uR
i\‘.‘.?l{,ﬁ@ ﬁ'ﬂﬁ%ﬂﬁ AV=VO’IVII :VDS J’VGS =—Em /(lhD + IIRL) = '——l:l;'l—é“‘ e {5.36)
o TRy

YE 5% e € sl ¢ il A @RI | Q4T st (S0 @ ¢ SainEs W9 204

VO ="j.lR]__ IVGS (I‘D+RL)
. (5.37)

lo=Ip=~Vps/RL=UV5s/ip +R)
551 T o549 A CD f@a€s (Source follower/CD amplifier)
5.10 = fca Fuime @ET (CD) FFarwt [adtaa aon @l e | Fsfam eits
TT (@M Rg-97 ARATH @63 Wi Rg '8 rpy TGN e e fufam @y = R,
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=rpRs/(rp + Rg) S0 ¢ fofirat sizim Rfoms 031 R;= R 9 ip = VEm+ Vs M
=—Vpg /Ry | ST TGRS Vo= V,-ipR; = Vi+ Vpg

SR gm (V, + Vpg) + Vpg /Ip+ Vpg /R =0

A Vpg (Mp+ IR +gp) +2,Vi=0

A Vpg=-gmV/(gy + lirp + I/Ry) = - pRL VAR +1p + pRp)

@TZ V,=-Vps O Ay=V,/Vi=pR/{rp+(t+wWR} .. (5.38)

(1 +WR >>1p T Ay = uRy /(1 + WRL =p /(I +p) = 1!

ol VDD
O—I Ca
o
Vl
IR Rq QS vCZ‘
O -0
o3 s.10

A @ PR (SrHE 92 ™I A 8 e (SIHE WeH (STHwE WpRd 3,
©1% G T S 0 |

5.6 gAY @ads (Multistage amplifier)

el Sl wr e Redem fifen 750 it <1 s | atre g 7d
faada 793 73 | I QoffeT @ R/ (single stage) R4 | B Radta e 42 1 srorfes
iR fRads 9@ a@ge @ 5.11 | Prg Igoidiv R 39ba (block diagram)
CRRITAT T0aR | 2ie fRRds T9a & V= A V= A, Vs

TS fRadeea w0 V, = A,V, e (5.39)
GFZONA pOIS RAdarss v, = V, = A, V,
w9 A RIEAF A=V, / Vg =(V/ VeVl V )(ValVa) ... (V/V, )
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A A=A XAy xAzx......xA =TA, coree (5.40)

i=!

_____ o
C"a Vi AV ] Aglve Vord An Va2,
&

fos s.11

i Radts Radefs 399 (coupling) et 18 321 =7 | Rfes ww 3 Y
RC I T 25T | @70l JISIT o0, FAFi JAR ¢ AL JIwe IS T |

5.6.1 RCII= @9 (RC coupled amplifier)

5.12 M Br7 @3 F2orf RC o RIfraa T80 @ R | Ve (SIHE T
€ Ry, R, € Ry TOAICE AT & T§ | Cp M 4T Rp-3 FAAGAE @51 31 AR |
T TS I 07 AT 4T O | P 4TS C o FL TSN i (ebas 7o
TGAT W IS A AT TS (7 | g o ol 1y o | 97w Q B

o4 512

I T | e Fads I AR @Y Re-F TCF 9 Folom (ondw aem T W
RC-TW a4 Fited SO (frequency response) T 5.13 M 5 (Tl TR
T TR foafS @t ¢ (%) NSt Fooies Fmw (50 Hz — 20 kHz) Ragares ga wmaa |
TS ABH Ce-7 AfPTe I 932 R e | whivee T AfSared Fmee et
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fadraa oacad % &7 93 [3da 7031 @2 96 Fel si7@ Redie aet waae] aelres
Frar Radares (Fa 20 | Tl @Y (ST fAdres A, THY W WRE ¢ TS
[ SITSfT S TR S T | FNEE T, LS, 1 (f, - £,y 1 (D) Tz somites
FIWM (< 50 Hy) [@da 207 2181 C - qraraa &feqre T ATTa 2671 T T (Onve A
T | DT TN T (T FEATT FISS TNIE S W FRds e e
AR | WA FZAM 41T Cp 9% SR 30 AS AR IS AW /| Ok Fadares
TR AN 2 A1 | (51) T T4 T (> 20 kHz) [adares 2 21w | C - afere
T TEWR FA THORAN AR 70 @ fada 30 1 TH F90T ¢, aarsa effours 3
TG e O 7R AT 932 2[E RIdares 2 ~i | O wriies kg e [adarss

f5a 5.13

T AW | 2 G T (FIE FIERd B ¢ o Sl Fag 798 ¢ @ @ TEs AEH
FASI YT FAD! 1] WE SR B 33| F=9(16% (half power frequency ) T ZJ |
| € fj T SIS TS @A (P08 RAGaesa A T (oow adnesa
12=0.707 1 TR Ay o fi) 8 Ay f) oc ! F@aR @R IR

Ayify-F)) = & (541
q, ferdaes x T #i oE = 7T

5.6.2 FAEIE 8 AP YA (Transformer & direct coupling)

5 5.14 3 (F) oI A= (=) PR 9 (%) TrfEABe o
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5.14 W 0T 79T ¢ STrie T REdeaa T8/ (Ul A0+ @9 673 (5.14 F)
2o AT [ PN A2 Radran o afeqa ¢ G 3o 7S frda 28T
TN FIFCST 1T B | GIACAH M GUREF BCE BIS| WG] A MCed 2 | T2 FoT]
THEI HA® T | SR 5 9%, RIS 8 IR qUHE @ | ([TOR SALER (TR
Fwiress Al (550 kHz — 1600 kHz) '€ (3 MHz - 30 MHz) | Fmtaa ¢oeg a=7(iex {57
2RI (54 MHz - 216 MHz) | ©% 98 (F(H AT qexm T4 %0 = | wifeTE AwEs
©It5s EFS (tuned voltage amplifier), I |

AP AT (EIH R A C s SRR g fads a9 g3 w0 2 (Ba 5.14 91
TIFE TG |0 Hy 47 T A IR 4T € T 4R IRZ B2 AR A IR A
Foer uElf O afSure R @) IRk P R = oag FNeE A
(frequency response) TRERATS | PRl &l ¥ wHol fawaicee | o’ eifdqe T
{impedance matching) SEE w1 ael 2ol S Pedis @i gere AR
T COUHY 2GS | APHIR P &FT THIEad To TRAFKGA 290 (53 5,14 1) ) S¥A
GRS 0 0TS GRRPER O oI A 97 AR FEdaier B BB, 9% (ETHE
frdmie ﬁWW!WWWﬁWW?ﬂWW

5.7 wwel ﬁ?ﬂ?‘ (Power amplifier)

mmﬁ?fﬂwmﬂmw—;ﬁawm 2 | GRS IH ELPHTNR
SR (4 ©I8¢ (Tt TR AT (CTHT RIS (~ mV) JTEES T4 20 98 TS
axopim [Ade I conhoe BT o w1 O3 % (IThT wwel RIdea e
HTTRABIF (loud speaker) 2T *mremwres wmwese gfoasg EIS ISR
forr A f waw Redften CE Rt @88 @es oy ouns 'ejj?rrfe'zs?.«f-? (et
ST TN R, (OGP, Fefam =wel Swam ¢ giu 1 el fm ! e
| QIR AT TR T2 TSN e ¢ ¢ PO oAy Rfrosia sreae Ry R
g | e

R /Ry =V ) (Vs Tg) =V I Vgl / Ty = (i / ng)? =0
(542
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o7 5.15

QANA n T JABAE #ARRAA TGS (turns ratio) | JEERET & Fsflim cerbra
AT Voo 6 2T MW Voo /R 1 TOAR ol @ i wesret 2

\Y; v,
P =_CCx L€ VI _/2R"
°T 2 TR 4L

P=Vecle= ViR
TR TFSIn =P, /P, = 1/2=0.5

R, &I%® I8ACS R TA &fS3na I 33 | sl o0 e @[ (de) e e
509 SISFIAS] TS| Lo SECACY NS AR 1 41fF W2 &AZF T8N S fFofe )

571 Bi-cow At opi-s@ &{EES (Push-pull amplifier)

&% Rads 767 A @f, B @, AB @ 7 ¢ &R e *ita | Redes 76 Teirbe
SIS ABA T 0O GFHA LTS FAC T HA ST 2412 AT | TR ArF BiF1-=Ai
A op-oF RS AE 1 5.16 W @ B @it Radtes 3991 ¢ m= | et




T WA FRTTOA TEAAA (half cycle) NERTIGT AT B @I fFader #fteat ami T,
8 T, GBI $iTe M ¢ Refle derd] #rae Q, JATICF (T T A2
os T T T, @ T, FRIRFBIER &S i woid @ o8 (Q,) I F&I Y
81 Q,-7 (e I w3l SAANeE AA ¥ | T, GWIEBILag ffl TIFrea wd-w
(ANE A T,-3 G G2 T 4<lIS | 01 T -9 pf-ffeass oo ferdie amicet aiieea
3% T, SR AT | W (TG T,- 47 M AR A2 ANGH A | Q, FATIFA (e
FEACS SN R, TA T4 JOANT ST OREN R =n’R) @RH n T Q,
TG A1 FLATR AT | G2 @I T 8 T, GIARFBITET SEed S I | (Il @3l
GrTEsBag Fefae okea SIRCacE W I Q, TS TR WO (A-(wiea 4fo

At S
wefie R =(n/2)’Ry =n’ Ry /4 e (5.44)
ST 2T 1, = VR @ afel Gafrbnag sEes /9 =1 (Vee, 1p)
@A [p=1,/2 | 9TF0E Tl emiz v foqet g A ees STe! 28 e 74 I[

I,=2l.,/7=2Voe/ R

..... (5.45)
T HArS] pi=Vili=VCC[i=2V2CCXﬂ:R'L
oot fAsfa e
Pav. (=Yoo de v [~ 142V2/aR"
0 ms *ms \/-2— ﬁ CCYCm CC L
. 15.406)

Q, AT (M PEACS FASH W LA P’y = 2P = V20 /2R
TR TFS! 1 =P’ /P = (V20 2RIV co/mR ) = /4 = 0.785 .. (5.47)
B TAS! ¢ wHS! FH [AdT arRia N6l I | @7 SHRY T 9T, TS 8
TrageTe | Gl o o ST SR A 2 e Rada 31 fsie ooiebre [RetS
TS A |

5.8 @I Fotes [@%F (rf amplifier)

Q g wEve Radef Gonas, Sieat a1 QoAb @were oues =0 | @K
SRGIERA CFCE Qolf IR 321 A 1§ (TN (LY ARF TACH AL TAST G
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2 fufers A afts e 0T (antenna CIETT BT 7OET (“\*, et
‘;jﬁ m HULEG (T iEEE E‘——” *FAfd Ty WUEE] (Cf(’b %éﬁ-(f 2y *‘S‘\:: il m NG
AN (ST AT T8a) Wi TR R1. R:‘ Rii Frfaa F«:‘,m ?91‘?{?{»‘4‘(4*4 BT qI%E

I SRETEE ARRCS L ¢ C AIERIE TT 4P ATF TOAICE | 4T T ATl a8 diaag
vrﬁa-’o—nmwrﬁmoﬁ‘mﬁwmI%ﬁawnwvtﬁawwimmzfm’nsa
TTO! T | fTety (orSs [qade a9dia (wea G SEifaKt wE wE A

5.9 +@2 @ @A [@a9F (Feedback amplifier)

TG WO SRR (S 2@ SR WK (BB IF FAE 2w
A @ JF | @ ISAT A [ @rhE (@ 2RnER) ey @ esiet e
(BTHTE (I 2FTT) o3 I T TE oM A @nrde a<dl aF | f[ads a<elia Ane
@ AL TF WA @es e i w93 FEdran wib wen @ shamda aq®
(A) €33 @ T2 (F) e WIPT (@N0T Al 9% T 20 e (alva TEal
24T G2 4T ¢ (F) (SUVT @RFem ¢ ol (BIbram W @ faav e sk
273 T | (¥) 27T o ¢ el wanzg ol @ Rl 2@ Wi 3T e 19 ) i
(SHG ¢ 2T TUCAAL ~[F{(a T2 T T2 @@ @R ANET T | (BIFFT 4 2%
@R e IR AT ST TSNS (@9 FA IR AT G A @rrea fTade
oNeT T |

1. (oo cafdl carrm fade ¢ Radiwa (A Fsfom b v, A 283 ()
AT W (BIHIE (V) el (f e TE T T @R 5T 2V,
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2. (SIFE AL @ faads ¢ Fofim ©Itha v, TEFE @Rrea T84 (V) SEey
S (BLDCEA (V) T T8 20 )

3. ofig cffe carrys faads 3 st 29 (I¢y) T2 Tl wEEe e AT s
AAMZ (1) TE T 7 AEYT 2% 2T [ |

(—T. — T ey s _;.*”'M“_— L....... r‘%
oY v A V,l 3R ol A vo‘! R
(b \d_f' v . o - Q & L. : L
] T T
Ly F M P
e
) Vo il A L2Re (v A IUB%RL g
s j } TJ
t
Vg v | Y ___E___;I_._J

o= 5.8

4, ST ARG RPN faasdes o Fsl 2R ST 2@AITEE AN TGS AN G
TN TEFFS TF | 5.18 R Br@ @2 A9 78 @ (block diagram) TR TACE |

5.9.1 419 S AF (AL (Positive & negative feedback)

AT TSNS (AL AT ToIME FZR F1 T8 71 ¢ fafmy Soiwi 2ragn a0 w00
SR (DTS (V) GEHITTE 2 0 A1 2 (PITE AT (V) | O (@I T8 72 4w |

(F) 4ISE ERFYA 2 @RFY T @I IE WA SRIAED W9 I A wwigE
A 1 T BT TLFS Vg G ETRGR FRIFE VT ST V= Vg + Vi | 40T PR 3
e @Tene T W | Rads AT T @R 959 53 A, (S TS
FARR w4 =

() Y @R 2 @I (SIDG @sl FACE M T [SEHBIE WA 5 2/
T ANTS @A A RS @Rrem A | QUTA V| = V- Vi 26N e el
TS TS T | IRG 9T T [ Sradann ARaes - @

. o efean R ot |



. fofsr erfarar gm =i |

3. (SNHw [Rdm Fafeters ans |

4. TR Al Troed T |

5. wil [t gp 7

6. Fofacn Salfas (SIHe a1 S Es 2 A |

7. SR fpfon s 2 i w0 Rades @l aefes =)

[

5.9.2 @FATA A€ (Gain with feedback)

o @ cmrem fads Todee (Be 5.18(1) @@ 1% fRefww ooiche v, B
(BNHE Vg 8 @ (DTS V1 e ol fadares

A=V0fvi=v’0f\/s .... (548)

A-(F TIoTEe {[Fadares 3T 2 1 TR TSN TF F WA @R 5T V, TR
(SICHEA ANY T TW Ga%

BR Vo=AV,=AVg+AV, |- e (5.49)

@[ AT B=Vi/ Vg
@A [ T @RFLR =¥ I e 3 Rierdte i seie 3t R wgem o6 |

TOAR (5.49) TNFa ST
VO=AVS+ABVO
. RS OhE RIS A=V /Vg=A/(1-AB) . (5.50)
AR T TR O | A GR PGS @-GAL FRA TS AT 1SR | 1-AB | > 1
A AB W Al B AT 2@ | Af] < |A] 1 oiefie Aciias @A (V. = V-V B 2
aR | Al < |A] 130 Rade 78M I wE [1-AB | <1 T AR 4IRS 3 B FINT T
|a¢l > |A]) ol @@ RREE (V= Vg + VpB @ @k [A¢] > Al 1T
l1-AB| > 09 |A{] 5 @R AR 1170 (IER ISR |
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@IFATHE S (SRS oM 331 78 | Tdfie

log | Ap/Al = tog [ [1-ApI-!

ql dB=N=20log | Af/A | =2010g |[1 - AB]-!
YT @A N AT 4B 4N @RFR N 4TS |

59.3 @@€9 MY (Gain stabilisation)
AIE CAFL 4T, Tefie, e FLFS T TRAFCSA AN Wi Aipia €%
V,=Ve-V0Ar=A/(1 +AB)
YNNG AT | [+ AB| > 1 I €@ W AR>>1 @R | 1 +AP|— | AB|
TSR Ar=A/(1+AB)— A/AB=p" . o (5.52)

A fadares A, SoERd fadaness (A) Tom Femle 77, @RS WA 3-9 $9ig
Feaiier | A o2 PSR ¢ R T @S A AW AP IG AT T T4

dAf/dA =(1+ABY T -AB/(1 +AB)® =1 /(1 +AB)*
=A; /A (1 +AB)
AR dA/Ar=dA/A (] +AB)

A, G=(dA¢/Ap I (dA+A)=(1 + AB)™!

9 D=G ' =(dA/A) / (dAs+Ap=1+ AP

G =1 fRadares RSl (gain sensitivity) 99 99 SCARGE D 2T LSJHE AT (return
difference) | ¥MTF QATAH (1 +AB)>1 W Gl IR D=1, I G=0.1 T 93
@A T RRdAnes «oal offaea @nren vyl Radanesa 1710 w01 o]
AR e e g S A |
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5.9.4 7S @9 (Reduction of distortion)

GRS sted EkEEa wele zemd we e oy 1 gane i vl
= 1 1 B (ONTT Vg T $A @R 21 W (STHT V= AV, +V = AVg + V)
@A v,y T fsfara e e TS @1t | g @ T

Vig=AVi+V=AVe-Vp+Vy=A(Vg - Vo) +Vy
A Vi, =(1+AB)=AVg+Vy

A Vip=AVg/ (1 + AR+ V4 /(1 + AP) ',;
..... (5.54)

WM Vo=Vig(1+AB) T OA Vg=AVg+Vy/ (1 +AB) |

wRge ffm (TTHE @RFA TEl 6 T SOUN I dRGe [T @nm A
RITAA | 1+ AB | >> 1 A0 2F 7 | welie @rew {adm fagts 20t o

59.5 THT T (Noise reduction)

forfm S (SIBTEA (A TS BRACT ST A | 7 STHR (SBCEA [
fofam ST v, @2 o OR0A V) T ST @R "IV, = AV, O3 @ITLR TS
Vie= AV =A(V, - V= A(V,- BV
A Vie=(l + AP)=AV,
A Va=AV,/(1+ AP) e (5.55)

AT P (1+ AP)>> 11 I Vi <AV, =V, 1 Tefle 3SR @R oifes
(ST A WOFT T A |

5.9.6 FISF ALl (Frequency response)

QITRT T Ap= A/ (1~ AP) 9 FATS (@EEACT B 4NF W AL = ! T4
(1+AP)> 1 99 AR >> | | QIR I9a1 (T GIMYE T H TIPS FAET T 3
frga ora @11 SR AT N Rwe oira fadares (@A Ars | 92 wans
IARFE SE FINEd AE AT (A0S AT |
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5.9.7 Wl ﬁﬁ?ﬁa" (Phace distortion)
Fradess o Bfon g@e, arae Ten Trbafere Fte o 0T S1a 1 812 A
= 1AL A = T 9
Ar=Al(L+AR) = AT /(1 + ;-;ZAEcJ“; _____ (5.56)
@ b=l Aalell=1+ PAlBeosO+j i ATp sid= B et

@R [Bl =1+ AR cosOF -+ A [:}sin{:}izj"f

=+ iAiT+2 1 AlBeoso)” |
'i_ . (5.57)

\tand)—!ﬁ\ 3 SO/ + (1 + LAY BLU\O)
HEAR A-—'\ L““B L|0_,{ \; Bl -4 ;IlU -}

@TPA T[T FedmeRa W o W 2REed 96 @red T8 fede a9ate (5.57) W
FTRReRe! S el ATFRER FOA HGH (0 — ) | Welie w1 Fpfe qanrem it g |

598 et afedidt (Input inpedance)
S 2feaidl 7= Ve / L=V, /1
@R GF TEAE 2= Vo /[ =(V,+ Vp /L =(V;+ BV /],
=V, + APV E=(V, /1) (1 +AB)
=Z, (1 +AB) o £5.58)

AN G (14 AB)> 1 @R | AB| »> 1 T Z>>7; | Oie Ae1e R =
efeaian 3 =i | @8 w2t e il el (series mixing) I0115.18(1.3) = fora
43 O] (FATA TR | WRF AR & (15 T (shunt mixing) (B@1 5.18 (2. 4))

A‘zloi‘li
@R Ig =+ =1+ Plo =L+ ABL =L (1 + AP)
HOAR Z,;=Vg/lg=Vg/L, (1 +AB)=Z,/(1 +AP) e (5.59)



@MRG (1 +AB)>1 @ AB>>1 O Z;<Z, | Wefie Trawt a1 <15 firrd efeqia zm
{3 |

5.9.9 Fstm afequt (Output impedance)

fefar efaial Fefeam ey Teot coibe Afacy € @ ore SRR o[ FeT 73
R | T TR QY AR [ ™E Z = V/1| G I8l TR WO V= Vg- V=
—V=—BV 19199 V=0 OfF ffara il (S10%e V, =V -AV,=V+ABV =V (1 + AB)
ﬂaﬁmlzvonOmV(l+AB)fZO|
Mok @rren TR efm efeat z = viA=Z,(1+Ap) ... (5.60)
(1+AP)>> 1 @R AP>> | A Zy <Z,, | N A G@Irem fWofaw efeaia conbe

TIFEA (voltage sampling) & M | @ISl @A TASACA (current sampling) T
@ RW 2R V/Z, @ W S @A TS0 (@l T @I @R ~BI @A 1
T SRR | G AR [RRdeTa T [efs - Apl AR =W 9K 1= V/Z, - APl T |

WA 1(1 + AP) = V/Z,
A Z=VA=Z (1+AB (5.61)
oRR TR (1 + AB) > | I fsfam efSaiar gi =

5.10 HFM (Summary)
|, FEIRG AT (BT AP I | WRPoe WRkye s f7ffe a7
IS Kads e | e Rdres R[fow @fdftem w3 7m)

2. friw fademe o s 31 Q o Ffodm e ogfe | o2 Rfon apr -
TSI ¢ WRrEs Radts Taam 321 28 | G T 8 (OT oy a9l ug
T BTEATA |

3. CE,CB ¢ CC [@aftaa a4a h ¥ A2y 331 =1 | 5w eee Radra @fimaem
tafie T Q R s fieaeR o A8%e = | CC R Rt wpa w0

4. ARTES ¢ TACHEHT S 2wl Gioore [Redte woet |
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. Tperftn Radte zad ¢ O% R4S e T Fu@es RC g9 [R94S a9%e =

fRiea @ 1 woe) [eds e | Trzaa—Sr-ga Rads | ag weel ¢
FS] T

ATR Frres i o =ty ads 93 @O’ ¢ wawia 797 391 79|

@y fude fshma fg e wam @ g8 S [ T T m s
fRfE AT @Y IZF FAE @4 TR W 2 |

5.11 et @ S@awien (Questions & answers)

b2

R D A » Fadten @l Ery JEe S0 | (5.2 SRy 783))

e s Fore F @RI 9 93 T A R WY 2@ FAT ATAGA ¢ (5.2 SqOH
7))

TR ¢ Q 4 FCT F @RI 2 (5.3 SRET §24)

fFadag g Q o vadiedd TR @ 2 (5.3.1 TR G39)

AT &R @ @ R B feaiie 2 (5.3.1 S0 584))

SICE FUTTACAT ¥ Bl 9 (5.3.1 WeHA )

TR AERA 8 SITET W ¢ (5.3.2 WURA G24))

i qpT B A B, @7 i ¢ iR § B S I 1(5.3.3 T 9B)

FARPT A AEGA WA D A0 g, 97 qAa ¢ wilRat T R 9 (5.3.4 TERA
43)

. WfRTED ¢ WCHe I oS SIEEA TR | (5.3.6 TRUER TEA))
. Si (npn) BMREPBIEE CE R0eT R =8 KO, Ry =4 KQ, R =2KQ, R =KQ, Ve

=10V, TA omEd $i& Q BF@ seam fefa 91 ([10V. 0], [0, 3.33 mA|.
Q16.1V. 1.32mA]D

foq Farawsi @ K Afe FEIE CE RAad@d (orhy, dar ¢ wwel g«
s @ el afeaiam ww o afsaid 4@ e T 1 (5.4 SRy TR
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13.

14.

15.

16.

17.

18.
19.

fRfeas ope [Fada § 9 93 et =fg WA=l 39 1 h R AT @@ K
fafom oot semt Tg7 1 (5.4.2 So=e 784))

CB R4e oa A=A TG Fg1 1 (5.4.1 TN T247)

CE =8 hy, =1 KQ, hy =50, hye =1073, hy. =9 x 147 mho, R, =500 Q@ @
R =5Q TF Ay, Ay, Ap, Z;, Z,, 160 57 1(-129.87, 12.99. 38.6dB, 0.83 k(2. 5.2
x 10~>mho)

5.2 R AR AR {ieas septan o¥ca h afEeffr ff 3gm @AUn by, =1 KQ,
hge =50, he =103, 8h,. =5x 10~°mho, 8 Rg=200€2, 8 R; =3Q T Ay, A}, Ap,
7,97, 7R T 1 (1kQ, -51, 1,5 x 10-5 mho, 0.86, — 0.058, - 38, 154 k€2, 3.8 x
10~ mho)

5.2 W Al AR CB FRdeFa h e efn s @A hy, =1 KO, hy, =50,

he=1073 8 h . =5x 105 mho | (19.6, —0.98,-1.96x 10-5,9.8 x 10~ mho)
e Te ARTEs [Rafraa 0 el SmEAbAl 9 1 (5.5 TR T29))

SRS AAPA T FF ARCFDA g, W Fg9 I ID = 10mA, Vp=—6V 9
Vs =4V TR BeAt Frrwisa [adares a0 1 =10 ¢ Ry = 10kQ T ? (2x
103 mho, 6.67)

. 6T TIpe Rade el TG 1 (5.5.1 TRn ¥8)
. e Rl e 1 @RI ¢ 93 RRAE 7 988 341 T (@ 9 (5.6 Se0RA

7))

. TEAPR RC T RIEE9 S Iy T390 5 @31 F1es AG] S5 T4 |

(5.6.1 SgBRR HITY)

. TS S APFIR I LS T T 1 (5.6.2 SRR BE)

. (PR F 9 vfae Radares 10 = wuel fadares 9 9 (5.4 SRR 5547, 10)
. TS| RS AT T (@ 9 IR 3 R Seenioa F99 1 (5,7 TeEeen 5347)
. BT fRasen IerifS Sennal B 9 (5,11 WervER 614

. N RGP P = 10W, P, = 1 kKW, Vi= 1kV € Z, =500 T(& FAS| ¢ (STHE

Rrdansss W @R i 991 (20dB. - 13.01 JB)
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31.

38.

39.

40.

@ieew [Gads 2T F @RIN ¢ (5.9 SR 184)

@R [ ¢ warew By R SAnA F9 1 (5.9 0T §89)

HATSE € TSR (RIPeR] IET 6T T @ARIT ¢ AT JJAZD S2ATAS] s
LA | (5.9 TR BT

@RrYR fadre Gagwiness I ol g5 1 9IS ¢ Qe @FYR Rdanesd T
31 37 9 (5.9.2 SLEW H3))

. AT (I [RIET RATY B g7 2 (5.9.3 T 984))

. RS @TPL TS 201 SIR—ann g 1 (5.9.4 SRhRY 939))

. NI (AT SAEE g AE—E TG L (5.9.5 IR B8A))

| A @A e R 2T e Ay wER ) (5.9,7 SRRt 1524))

. WY CARICE =iiess ATSl 37 9 (5.0.6 Lo Ha5)

WY @A S ¢ fasfae afSara e iffafee = sesa a3 (5.9.8,

5.9.9 SqRn 234))
I PR S ¢ WG @IS (0.15 V, 10.5 V) | @A T8 AT A
QY T (1.12V.10.5V) | GITee@ a1 el g | (et e (eHars o
FIA1 (- 0.09,-17.5)

(ST fq @Rred FEaF A = 750, R; = kL R = 10kQ | 109 @R 3
A fadares, sema ¢ fofra afei B 73971 (-9.87, 76kQ. 131.60Q)

@A (BNHE AT Fadares 500 | @Y 941 @ A [Rdarss = 100
@RFUS AT FC ¢ @RFAEE T dB-(T &M 391 (—0.008, —14)
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4TS 6 AETF T84 (Oscillator circuit)

o

6.1 GREAA S B

62 wred afafeem
6.3  CAPYA (WISTTEA Yol
6.4 TN ATE CWESD

6.5 A WS

6.6 FEH (ME®

6.7 SR (WETAA *E
6.8 WIIER M

69 M faw citeiw
6.10 C(FAHA (WS

6.11 A

6.12 erasE ¢ TeawE



6.1 AWEA € Ty

EEa! 3

P errz eftain T SOTTST oA1E Beot FAR TSNCE (RIS TR WA 1 47 W) 59

LT LIS LARE GTYTTRCTA FRA 7@ 2AMZ JPATTTET WD w41 2" | 9%
e RS (ieTe TST FHCH A I T | TSR F=AF HB IS € W) T4
AR qSA S | QoffeT /T SRR A |

TUHHT 8
€ ST A T AP TS AT
® NS @ARFAAT T
o TTW @ (Barkhausen criterion)
® (FIETCTa i
@ LC ¢ RC W4 ¥R IRZNAT I
® SHIAl (WA *re
o ffen s FAR ¢ e
® TN (AFNSFA Tojrarfet |

6.2 wietEa cfdfae (Classification of oscillations)

wfe WTe a1l oSl o #IIA | GFATRCT LATTRS, FRIFOCS [4A FTHS
PIEfas =7 1 @ ISAICe R SRR A (OHR AT T OIS AR 4t CRHH
Teofd T T Ol T (RIS qoa] Al FREW? (TS | (T SIS (FCa 550 KHz TS 22
MHz F/ICSF (o7 129 TSR | (ETam OO (TeTsa Fol1s® 47 MHz %o 9%
GHz Fites 2119 7 | ARIONT (RS @ SOJAol TS AR A O SH Mg
Gl 31 O] (A-(FA WP 2T oA | TR € Tt oy Toa 7 v crersffera
e w1 =71 efdent Tud w1, FRY 9T Renm (e SwRers Ikgs We
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oA | (T BN T A (FRTF ST AGTF (@Y FFF I @R (TS 208 A | A
QAT (WEAT 4 THIEA |

(WETEa cfdfaste
E | |
T S SIS A
|
{ I
AN (FIY (TS @TST (HETS
Giiey ofee Teofintas (4TS T SEIgeeiin
@ TS STARTA @ TEN JILR A
(BTHG-2rArE qada e eI T4 TE)
@B Wi
% TR T @S
TS e FA W)
I I
BT (AE® AR (MIETE

(FTre-we el (fafSa seopesa ATw
HSIFR STHIFHS wFfea saen
R D) IR @ =

[ [ | | | |
HIB @A S FOUMEE (TB[E TG O TSR IOGH TR MO

M=TSE (T (HIeTE M (T GGEE

| (20Hz-20KHz) (20KHz-30MHz) (30MHz-300MHz)  (300MHz-3GHzy  (3GH:-)

LC H1eTs RC (i1

6.3 AP (Mt 9l (Concept of feedback oscillator)

(AT IS Qo [€4F IEM (TN {TF @Y IR FA TCACS W67 W I
T LA GAGE QT TS A2 F2 S fFada iR w9 = AN 9T @A
T TATE G SIS T LA ¢ (5.50) 72 THE0 Seqad Afde @da =3

Ar=A/(1-AB)
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TR [ e WAATE o@ A WA Fada | ars @nees R [ 6, gean
(1= Af)< | &7 Ay = A, W FRdarss 9/ | @nrds cehe @ o W 458
W QA [} MR | (R RIS (e 3 W WEE A w9 5 A e
HAT3RE (R e <Frie e ceE A a0 et ente Beem we w |
EY A=V, /V, 4% V, =0 8 A; o WEAT

1-Ap=0 Ap=1 61

4% i B M9 9091 (Barkhausen criterion) | (8- GFTA] O7ETT TEATS
A E e ¢ Fem A ceirte Bupi wawl IeER e oEEdl e wwe A
) ) it e R s e st

() CETPUR TS (i) F G G A TS W S o A1 2ped ol
sfefEe |

() A= | 3 AR T (@ omw A= WA 99 aNme B e o

(+) =EArE Frads =wore weprE or @ W |

FETE TEACE V, =0 TF TEAE TAE (SIS T Weren «F Wk A5 A | 76
e A A WD AR 0 | wWerEn Teee- T T a0 G TR A5l
= 7 | werE o fefim cemtw HiR an v amres 195 wmnn Fafie o R
g wrfen e | TARRTERE TR T T ST SRR W T SR B e
I | 9% SR e SEm wWm A A1 gq sl w8 e a1 e enem am
HMETE [J< | 977 TE A > |

T
~ L
I |y

+] =

fom .1

I (AT ST T () (T TEAE S @ T4 W | () TEA] B
R AR 9 | (3 g P amen cendy Tew ame ) (4) 9nlh wfie e
HiGe A WRT | T (T AR TEAILE W TEAT (qank circuit) A | THE TEATE
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4% 4156 ¢ @I UPF L TG AT IF 0T | 403 Sgavfel S Sieies
canl 3AE (B 6.1) 1A Ofbe @rFd W[ T @R SAE AT G owa A
T | FFE (Lenz) TR €3 BT (Fa SEFFIT AT 70T AE Sfoerrers 7
A% A QR 97 T (FE WA S 7)< 2 | QTSI AR AT G S99 @ (IPFLHA
T (charging and discharging) TSRS (AW % T | (M NS *f§ GFF (A0S
TR et Ofte 2w G oSS S A | 47 A (A TR 109 SIew{ls e[y
I, o9k 4R A *fF 2/2C @R S A« L12/2 6 4§ E=q°/2C +LI°
/2% IF, @A q T e AR 924 dE / dt =0T @ AT
(/C)dq/di+1L1dI/dt=0

A, d¥q/df+g/LC=0 L (6.2)
QAT | = dg/ di 9% T$TT ¥ o =I/LC A t=2n/JLC .. (6.3)

6.4 e aRS (MieT (Tuned collector oscillator)

6.2 712 ToTa T ATF (EHIT TS (F) 98 T T8 () FAA TACZ | R |, R,,
Rg'® Ve TREBIEE I 18a &) ST | Cp 25 AWM 4199 | '8 C A0
AT T I AT T TS (T ACET | QU ST € e o vl #fiefay 32 <o |
6.2(%) T I8! SERT WY IS effoqial =

- | .
7L
RS oL TI9C

() () T3 3

T 6.2
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(ARTA R 281 FPIRGACHE U FEAA @Y 93 FWEEF L | joL >> R @R =l S0y

WETCHFd 37%F w=1/yLC I

Z7'=(14+ joCR - w’LC) /(R +joL)~CR/L

aAz=W/CR (6.4)
2RI [, A (SHTF V,=-ZI = ~ L1 /CR e (6.5)
I G AT R MR [ =h,, V, +hy [ =—hg L1,/ CR + he I

A, I, +h, L/CRy=heel, L (6.6)

I, & C &R L 97 WG YR [FOF | SPIF -9 AR [ HA @& T
[(R+joL)=(o-1)/juC
A I=1/joCR+joL+ 1fjoC) ~ [,/joCR .. (6.7)
PG (T PSAT SCPIPY L, W S TG TAB A 28 T
[; (hie + RB +joLg) + hye Vo = joMI
@A M L8 L -7 2> seas, §sal
[;=(joMI-h,V,)/ (hj +Rg +joL,)
= (joMI,/ joCR +hy L1,/ CR)/ (h;, + Rg + jooL)

. I,(Lh,/CR+M/CR}
B h;,, +Rp

[“Rp>>wL]

= (Lhrc+M) w hfcli
"~ CRh, +Rg) 1+h, L/CR

WU (h,, +Rg) (CR +hy L) = he, (Lh,, + M)

_(h,+Ry)+(CR+h L)
- h _Lhre

le

il M

_ [CR(h,, +Rg)+LRgh,, —~LAh]
- - hfe

(A Ah=hi hpe—~hehee L (6.9)
(6.8) M NP =SV 7[ ZCA TOACS =T (et T4 |
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6.5 QoL (WE® (Hartley oscillator)

6.3 7 BTa CERITA npn 758074 Q6@ @R (FATAI AR | R . Ra. R Ve
GG AT FNFACA T T | O RN HITF 932 Cp 413 P @ eyl (enhers
SJUT T | A TSNS 1. S L, WS 7S 417 C-&F ALY TSN T8 WS L=1,
+ L, 7R AT 1 W] olfeSa T 1 QRIS CE Rfiem #q o w1 ARSS Siora= @
fsfaTe STy Q@ WA GG W SRR T O [ 2; | IS ™ o= 1/4LC |
AR T 1 RH 6.3 ¥ Braa oemeeal S s

Vo +hel / hnc =1,/ hge

a, Vo= (lo - htl:li.) / hoe ...... (6.1
I, THERET T @ & Arent 1

by i+ hye Vo +iol, (I-)=0

_ N -
S| hic*'lj"&ll’liJfZl [i+*]“'“L*I‘Q‘ZII=0 ..... (6.11)
. h..

GFLONA [, R | TEAA (FCA (F7] T

~hgli Ty, + 1/, +jol, (1o + 1) =0
A —hpdyhae +(1hge+Zy) 1o+ Z51=0 e (6.12)

A jol, - +jel (I+1) -}/ 0C=0
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A Z N+ Dol + (Z +Z-T)I=0 (6.13)
9UR Z, =10l Zy =jol, R Z=j/oC 1 1.1, € [-97 T@ & <% 2[4 I3 O
7H

hic_hl‘chfcfhoc'{_zl hl‘i:‘;h(w -Zl I
; _hl'c’!huc llh‘,c+23 Z2 =0 e 16014}
e h, - fhy +Z, | 2, +2,-2 +ZA(Z 42y —Z) -7,
hoc L hne T : -
LY [ e AR “‘fc - Zy _ _
@+ 2 z,zg}kthw 2,2, 2,2, =0
o (6.15)

(6.15) 7 FREAred it Al AN w03

(h.c _hehy J _Z_l__j‘_é;%_'_ 2 ZAZ,+2,-2) -2, Z,

h()(: huc
+!7hﬂ"£+(z,+23~2)—z|2 Z,=0

0(33
A, (hy o) (Z)+2,-2)-2,Z,Z=0
A, (hy/hye) (0L + 0L — 1/0)C) + oL Ly/aC =0
A, 0 (hi/hee) CL + Loy + L Lo =(h./h..)
A, @’ =[C(L;+Ls)+h,L,Ly/h ] e (6.16)
@3 AT ATRE W Moad WM @E L W (L + M) $R L,

(La+M) | O3 2 = [C(L| + Ly + 2M) + ho (L + M) (L, + My/h, ]! o (6.17)
@RS (L +1,) C>>hy L@ (Ly + Ly + 2MyC>> h (L + M) (L, + M) /hy,
HEAR (6.16) €% (6.17) 7 TS TS 212

2= [C(L, + L)
{618}

A @ =[C(L, + Lo+ 2M)]!
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G (6.15) 72 TRNEAAT ATE SH(E ANYN 30T 2413

[hjc + E‘-}T'l*-—) 22 +Z,-7) +

o

ZI(ZI +Zz _Z)“(h _ h]‘ehfc ]
hoe *

hZyZ, 0207 27
h h h

o o

=0

o

(6.18) =2 #Fe SFIA (L) +L,y) =(Cy ' A Z,+2,-Z=0 ... (6.19)
{CRIN {hfc - hre) ZI 22 = (hichue - hre hfc) 222 + le

A Ahw?Ly® -hpo’L L, +0%L,% =

h,.oL, + Vhfe o L1 - 4Ahe’L 12

T ol = 7Ah

@ATA Ah-43 WA (6.9) F AR W LWL | GLTS he, 2 >> 44h O
oL, = (hf. oL+ he oLy)/ 2Ah
=h¢. @L/ Ah, 0
Ly 0 JCE R (T I8 2T Ly/L, = he, / Ah . (6.20)

Ao s Rivy T 3fRa wy 2t (e aage 20 | e wites 9k &
PEYEF qITE F4O T

6.6 FET6A_ Wi (Colpitts oscillator)

TOCA @ FAPIGH (ETH WYA TS Y € TXPNHT R AT AT
HRER T 7 | 2BE (T [fen FATEFd ([@TOR TA ST BT FEFA (R
e F>iNee (FOR T3 “Nedl AT MHz F>s Bo[ aifafEs miws ayiors
PG (METS FATE A =) R, Ry, Rp 8 Ve IR AFRRE T o1& 031 C
TEAM AT 4T Cp XA ATF | WA TEACE € 8 C,-4 HTRICm AN L
FAARGACT A | €47 AT (SR @RFA T 9T B (BI0R 7 1w 4K | CE
R &+ a1g el ol R & | ORI w21 X A 27T 1 6.4 ¢ T TSN
S

Vo=l hoe—heli/he L (6.21)
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DR I, 1,8 1R

re "o

h,, h

o

NI + (WMo —Z2) 1, = Zo1 =0 - (6.22

lei—2210+(Z——Z| *—Zg)l=0

? Vcc

[XTY

Z Ry

vy
>
A

A I AAAA
L] R Ll
Ny

=) () oty 46
a@ 6.4

L. 1,6 [-a7 T2oieffel @ %1% 7@ FA Of T

hic _%_ZI _t_l_Ifi_. ZI
_he L—Z, -7, =0
hUC hl]c - )
Z, ~Z,  Z+Z,-Z,
a b tele Z W 7 N zoz,-2,)-2)
ht‘e ht)e - -
S [-z,z2 ¥ E' (Z-2,-7, )} 2, {hl']-z -z, [h’ -z, ﬂ =0

(6.23) T TRFIE FEIFG ST FAAA F6a A
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h h

fU

[hie - hlbhre}z—z' = + 22, (Z-Z,-Zy) + Z,Zy
hf"h,{c (Z-Z,-Z>)+ 2,°Z, =0
h -

o

-+

A hj (Z~Z(~ZoMh o+ 2,722 =0
GQMA Z, =j/wC |, Zr=j/ 0 Cy8Z=joL

S h(0L-1/oC,-1/0Cs)/h,, = oL/e>C,C;
A »’LC,Cs-Cy-Cy=h Lt

A 02 = (ho Ly, +C + Co)LC Cp = e L[ 1, ]
h.C,C, L\C, G,

@EG by /C Cohy << | b | O’ 2= (uiC, s i/l (6.24)
L\c, ¢,

AR oL = VoC|+ VoCy T Z=7, +Z, €% (6.23) F AN API T AL
T R

__Hrchl'c

~2,(Z-Z, —zgwhm—[hm ]Zzt'Z—zl ~Zy)

o

h h,. h

o g o

_{h “&(il_l'gqul‘_hreZIZE +hl'cz|23 le =0

o

a (hi::hoe - h:‘e hfe) 222 + le + (hrc - hl‘c)zlzl =0

A Ahlw? C2 4 1 /0?2 €2 ~hp /w? C,C,=0 [ by <<hy)
A e, < Mel0Ct Jhil 10°C2 —4ah/ Aw’C?
- 2Ah
-~ h,.th, [~ hfcz >> 4Ah|
2AhaC,
= hl‘e;‘!Ahﬂ)C| ['.' la’!(UC’l # 0]
A C/IC, =he /A (6.25)

(6.25)7 AN TF IO (IS I (AR *1 |
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6.7 Wrﬁ GICER o) (Condition of resonant oscillation)

& 218 TS (ARl AT @RFT LC (T 1 L 8 C-49 e T foroa wa
a9l (@@ 7R Th Fner (e HiE | 9T WA @I LC A WHE IS, 9o
foads a5t ¢ 3% @rm 7MW AWF 1 6.5 W Hrw T A orave wwe | Fedee
fdees A @ TR @ Z, T

Z,'=z, @z 424!
@IS (7. ) ' =2, +h A 2 =20 (2 +hy (6.26)
IO B=2",/(Z'| +Z,)

A
I el
- rrrrm
53 6.5

AW e sl AB=1 I @A W
_ hiZp . Z :_E Z, y (Z)+2Z4)Z
h Z+2, h, Zi+Zy Z)+Z.+Z,
__he  ZZh 2y hy)
h, Z.+Z,+Zh ./ (Z,+hy)
B hyZ,Z, =]
(Z,+Z N2, +h )+ Zh,

A, 22>+ ZZy+h 2o+ Zy e 0 2+ 0,22, =0

AP

e

A, 22,1 +h ) +h (Z,+Z,+Z)+Z2,=0 .. (6.28)
(6.28) T TN T AR (TR *1E | G ¢ FAGGA (e AFEEnf 9
TR IR A 07 321 AT | LC @RS s 2S99 ¢ SR AFS Sal
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77 | a2l 1y Toier waEnad TonaEl 9 @R ZOIEE ARLAD FE 9T 43
8 @ SIS & |

6.8 WG (WETF (Phase shift oscillator)

WY TR (SHT SRAWMCAR T LC IS IR T4 AW A 1 YR TS0 RC
AR IR &G I (TS Y a1 2 | PG (TS RC SR I9A1 Ga=ia 321 T |
6.6 F T B R}, Ry, R, Ry 8 Vo BRFEPSIER (npn) CE 01T I 70 sa0erd &4y
araee | foafd WA RC TN @B & W oNLE R IR oW RC TR @AY
R'=R-h,, | 4% Gl RS T 0T 6AE (@14 IR 518 @ @4 R 7B 301V o7
o ST I WA T AT (IE ¥ T | P &z fafde A RC T8I0 A1

)

X _1C C < c [
hye A4 Ré;%‘%‘l Ry
g RER ER
i SE A5
(<) g&U 6N (91) G T TS
5@ 6.6

2% o1 384 (60 6.6 N T h, <<l 8 h [ t>>R 1T b, V —0IR S h,
TG AFE T b - AR ST T | QTSN 7 o I8 R = (5 6.6 ) |
QU &R T b 1-(F (BIHT B h [R; O TN [OIR Z=j/ 0C LT FTN IW

~RI,-RI_+(QR+2}=0 - .. (6.29)
(2R+Z)},~RI=0
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I,1, € [-9% A SR FCa @ I
h R R*+(R; +R+2Z) [2R+Z)%-R?|-R2(2R+Z)=0 ... (6.30)
(6.30) T FMIAR TE WT ANGW A AleW T
3R¥Z+ (R +RY4RZ+Z*-R¥Z=0
v Z 20 FOIR 6R%+ 4R, R = Uew?C?
A 2= 1/C2(6R?+ 4R R)
T R, =R = *=1/10C?R?
(6.30) W TATAC WY A S “6T T
heR; RZ+ (R +R)4R? +4RZ? - (R +R)R?~2R*+ (R +R)Z2=0
A he,RyR?+ 3R +R)R?+4RZ? - 2R3 +R; Z; 2 +RZ%= 0.

3R +R SRZ’+R 7

W=~ R (6.32)
:_3RL+R+' SR+R,
R, R, R0’ C’
(6.32) = AN R =R TA @14 W
h =-4+5R/(R3%2C?
=-4+5R®R/10}=5%6 .. (6.33)

wiefie f =56 27 RAM (ERFT ¥ | RC IEACS T =T T O TIGA {Te 33
(=B FoiTess MIS ST | 47 TS N | SRHAJ GFER el 1 ol (SDred W 39
I W

6.9 S1F fa& (MEF (Wien bridge oscillator)

10H,, TS 0.1 MH,, F=1ts% +1§ (21 T=i1e3) S{foiC (oos waren o oy Ot
@ (e TR T AW 1@t RC TR (@ 1R, ¢ €, ~ARTEH W IS ~AfeT
w1 T | ZROTW Brea (b7 6.7) fefm o v, Rad wimem ooy | fRadtea
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fsfem conDe v =@ G AW B=V, /V, TR V| T ZR000W TR e (oirbe |
AFRAEA V. =0 T B=0 1 [FF =N A@ &7 f20 @32 Ap=1 207 531 | ©13
3OO0 e FW] IPIC A1R0 2F | AR

R, R, -Z,

R, -R,Z,/(R,~Z,)

|
Al %
A Zy=jioC |, Z,=j/0C,
%.13 & — Rle_lez_'ZzRI"‘ZrZz
R, -R,Z,
_RR, -1/0°C,C, - jR, /&C, - jR, / 0C,
- iR,/ oC,
- & +9—3—+j(coC~,R2 -l/oCRy) L (6.34)
R, C, -
THT @ AT WHCF AW D 412
R;/R,=R,/R,+C,/C,
e {6.35)
IR oC,R| = 1/oC R, T w?=1/RR,C,C,
ft 441 =W R, =R, 9% C,=C, T
R;=2R, ¥R w3=1/RC s (6.36)
32000 fatem oy argre few arew
R3=V2=R4VOI(R3+R4)=VOK3 ..... (6.3?)
AP V[V =V, [V = 1/3 | FFF (T & V, 20 R, /(Ry+Ry)# 1/3 1 9<a
Ry/(Ry+R)< 1/3 97 &gfd | 41 T R,/ (R;+R)=1/3-1/k .., (6.38)
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@A k>3 1 IR TR V| =V /3 TEE V, =(1/3-1/k)V, WIS IR

V.=V, - ",,.-_—..—9-'—- VO;'-"-Q' cerns (00
=Y -V 3 k) " (6.39)

\Y ('l 1 v

¥OLT B=V, [V =kt (6.40)
AR R A=k SAE AR=kB = | 1A 7T M T R, - 2R -49 oo @A
AN =W

6.10 (FTHA (MIETE (Crystal oscillator)

AR (EREE TS, TFSl @ (SIBE Jrm W M AT (| @
IS @2 PR WA A AW | (E-Sfve @AMCE (piezo-electric crystal) B ST
e wara s stvl Rt wea e T @AeE 12 spet Red arew R 2|
YR {ed eTST 2T FCA (FEICT @Ee T FRCFEA 167 IR | (P3-Sive (T ¥
ofee-ufiF ToMEa i cfE-ofee @ (effect) I ATRE @ T @RGS,
BT | (BT 2@ Aogw oo R e (B ot 6.8 F 7 ora (el e | ad
7O TSR (Il #PeEd AAAS OF T X-O0F A Ofve WE | X ¢ Z-S0wa
wfeey A spera wfenry A Y-ore 11 1fEe e )

RCLI
Hcmro

Y . x
- |
z Ve
R, R
<2
1 e TCE:J'L_ T
Py o <y

5F 6.8 (F) @, (¥) (@7 TE TSR, (5) TG S T )

147



X-5F TARA 2 Roifre oFera 4197 el fich aeTad! (Ohe (el el aat
| T @A AT TN M T | AR (OO T (AT TR TS
FONERT TN T AW 1B T 6.8 R 1T FCE ofbe Ty I8+ (Il TR |
QAR BPIF L T J97 &9, 4195 C 21 P 439, @ R 21 R0 9 479 C, T
Yo STACA T(E Teoi OfSe (AT TR ey TG @AP SAPS | SGAw 4195 €
JEPT AfSUS HAW ¢ Ao I @3t I

R+joL-j/wC=j/aC_
R — 0 43 *6q T ¢ 2= (1 + C/Cm)/LC . (6.41)

6.8 7 50 (13- fG3 G FATA g TSN (TN ZACR | TSRS FA0H,
(TBRFE BRI RS @APHIE I F91 AR | FEACH RS (natural)
LD TG FILEHT HAW | (R0 A TS R(Ag @ G TS WA i 391

6.11 AAH (Summary)

1. (e q¥ACS oy (GIbE eenRe! (oIt o 0| a9 ¢ wre wigfen
T e wea R o mrema efofRemt <t am | |

2. o @3f6 Fads IR, wlh T ITR ¢ I @nreE ITA W )
3, (e g e e Ao e (A= 1) SR 3|

4. QT (P TG TR LC A RC S A0 | LC TR (TR 07! AR A
@R RC I =R] T2 A 307 |

5. LC Mieea Twizad 28 ey ARSI, The (TIoTs 6 JeiAnH (It |
6. RC (TRISY SMiEa 2o wiigdl (s ¢ Ol 8 e |

7. SR ANPE FRTER FE, TS 8 (ST O WAd SRSt BoE
- S | iR (rR-SiEe @RI IRER T TS Y 0T T
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6.12 &t 8 TeFwett (Questions & answers)

I
2.
3.

10.
11.
12.

17

18.

MRS FS A ¢ (6.1, 6.2 A=A H29)
fafen @ (e TRTH SETEl I | (6.2 SR G34)
(MIETCA CHIFGHE Taieiel A7 9 | AMe0™ Hdfms F 2 (6.3 Swrven §347)

. (T TEA [ P A A B 9 (6.3 SORN HRAT)

. S ] B (S0 RIGIR (T X3 T IR T | (6.3 SIUhRN €B))

. RS B F 30N W Y 9 (6.3 TR TB))

. S TS B 9 IR IEAT RTAI IAte T 9 | (6.3 T HBA))

. ISAPTR T AEE (TS DA HIEAGA I | 47 F~0(1eF ¢ ¥E el =g |

(6.4 SR T2))

. Toa st =M RRER et e @3 TS @ % el T ( (6.5 SpTeRw w83

TYHTR TG (FLPT TN 6 S AABAN TG+ 1 (6.6 LA T20)
T (TR XS R 9 (6.7 SRR TII)
LC 8 RC (RT3 AR R4l @ oAy Brad 7 1 (6.8 Sy 439)

. TG (R A T @ g erites @ #E T 39 1 (6.8 SRR R
. OF FE (e B AR SETs TF 1 (6.9 Sqrven ¥34))
. (@M (WETS B 2 LC I9NA (500 7 B @M @1 1 (6,10 SoRT 783)

CRE-ofie @PT @ F @RI 2 TN PIREN WP @ s [l w o
(6.10 Sew=A 247)

. AT (WSS L = 60 mH, C =250 pF TA F=186 39 ¢ (41.094 kHZ)

he, =50, h;, =2kQ,h =12x 10~ @ h =40 x 10~ mho ¥ LT FETFA L, 6
L, fefr 737 aft C =500 pF @ =50 kHz %8 1(0.008 mH, 22.26 mH)
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19. hg,=50,Ah=0.5,L= 10 ph T3 FHEH (TR C, ¢ C, @l 37 1 997 =20
MHz (640 pF, 6.4 pF)

20. A (1 MO) 2 R @RTE TS 9 9 (C =75 pb) (671 Hy)
21. R=100kQ, C =200 pF TA S fd% GIFN1 9166 9 2 (7.96 Hz)
22. L=50mH,C=5x10"3pF,C,_ =0.5 pF T (%17 @RS S T 9 (10 Hz)
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GFF 701 FLIEM G S TFTS (Electronic instruments)
Rri

7.1 dwiEE 8 =]
7.2 HEe Ty
721  wfGTEBE
722 ITERHE (SEORBR
7.3 (CRO)
7.3.1  wgee atima
7.3.2  Sfde e
7.3.3  Tafem fastar
7.4 AT TeAWS
74.1 @33 wt Gwferba
742 ATNE
7.5 A
7.6 CwEEl s Yeawe

7.1 ARET 8 Srwely

RO ) [

fafen #ga ¢ i ofte Beivia gy 2eRblis 39 e | iy Bammsfm wm
TFBRGIE (multimeter) Fefa 21 183 | AfFT Beivaea w1 CRO Srawany 77 ) [fen
ey A e a2 75t i | 3 aws IR (s deRsee Taif
THC SoAf SRS Tae |
Trwl3 3

92 aTHH 15 T AR TS ArEE—

o C(SIHT 6 2X TONF AKRT TF I ¢
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o WFHHER € ImzsFe (SFEEEE /T
o CRO-97 Il ¢ Frfaifae
o TRITT TeAWT |

7.2 A4i9d TF (Common instrument)

TSGR (N ez ¢ Rea erew T MuRy T7 IS WEAGR @
coRTbR Ffld T =7 | spETeraifibE ANRAanE Faar @i @m FE SIEeE 8
Ifice T @Y @M T (SFEHBR TSR T TR | SHEGOTE & METSITREtR 23T
150 8 P R, = RRg /(R +Rg) » R _®UMA R T METofsoR @4 8 R
- AN T8 TN @Y | (orORDIER CRea SETSAIOS 12 &es Wy o9 atev R —
0@ T @ Rq=R+RG_>RmIf%mch%ﬁaﬁmmmwﬁmms(l)w
et SRR 79, (2) THO! FHA @M, 8 (3) FUACHR (DHG 6 &R TS A~ |

@ T ARG 5| CFT 915 |, TS nly) FAS A @A n 1 TS el
(n>1)|wﬁ%mamaRqaathw@ﬂRnwmw

A R=R/G-H (7.1)

TEIR (0- 100mA) Rt SHRGRTT (0- 1A) WHHDER ARTER &I R (=R /9 26
AT |

PSR (SIOROI (% V= nV,, FIM (FC8 @R @M R - 5 26T AW
Vy/R,=(Vy-V) /R,
/o Ry=-DR, (7.2)

coIBfabE @y Rqﬁcfmwaﬁ <6 @Y A (Resistance box) @ MBI it @ifice
G A T ) Y ICH @O @Y TS (Rt 2 = WibifEe i 46 | 3
ﬂmmw@mwmum@m&mmmwwm@%ﬁﬁmmaqu
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7.2.1 iFEFRGE (Multimeter)

HEAFGHE WGNOTRT AR @Y @22 o @ enas] efE ¢ (Srby 8 (OU0s
ffa a1 2w | WFGHOTT aol fRdes 7o, 9ol yeydens, b wErEsmEGE, [fen
TE T T, (ST, SR ¢ e W N ARSI T @) a3 (S
T AT | BT AVO TS 0T (A = SUPRIE, V= (815 93 O = $T) | 9IS
o7 a1 el SR 4 I [{Ids 39 e w07 ¢ g ofb g aar
3 COTHCE ST T | G MWL 5 @em T | wifFHhRibe sirm afsai
T, T2 TAO! WASY I | T FUAE ALFOS TS #[ | MEGRGE Fogel A RAw
TS A3 | HFH (analog) MFBRGIA (CHEA B9 #lf0 (6T 7w Iba TR LT |
e MFBRHTT G T 9 GO 45 RS T | O TSNS FCATFS 3 | FAG! I
AT 27 | et TG NEBROR (s, Saey, GRieeias e Radarss (he,)
Tenifre TN 18R TR |

722 ASHEE SIFHNBA (Electronic voltmeter)

7.1 7 Bra AeeBice SRRt I8N (I TACR | T AP ARCETT T 7o
Bz 390 Fm agEm W W TR [ @AW Ry, Qe Teag R wm) @3
IRTITEEEDR T oS I3 | [Adarea () WW 9o ARCTE S W =T A
Al &R TA A (V| =V, =0) | I ARCFD HFC V, &G AT IR V, =07 pA-
@ fofm ©0T WI V, = uRpV, / (1p+Rp), @A rp T ARCIES TN |
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-
; o
[ rLir O B 5 = —_— =.F :
FCHIEPREDI @Y R, 2051 TGN (U] (714 T Ry + 20pR /(1

2R, 21,
+Rpy) QMG 431 AR Rg — oc | O 2T 4 [ T
I =V, /(R +Rp)=pRyV, /(R +Rp} (rp +Rp)

_ uR LV, y th +Rp
i +Ryy 2Ry + R (ry +Ry)

— .. __8.11R[}Y1______ ____ (7.3)
2R +R, (1+ Ry /1p,)

Ry <<ry AW =g RV, AR, +2rp)

7.3 CRO (Cathode {;i; é};_:;z}illoscope/CRO)

wfbe @ Sreragfe addin vy ~HArsifdeer s em 78 = CRO | [Wfen sase
fawre, oot wiglo, RESEPH @4, F=iies ¢ iy B &0 CRO 780 o1 | 9=f@l

3 K T
ml lEml{=
ST T ( YL’
S Y W i X
Q’wa-f{ - K> @SW:.‘R‘ 4 am’
=%
=% o mid

fog 7.2

B ¢ st MIFed gorl @k H ReeEn wwe Bl woawm ) gw e W,
T TR ¢ NYSCEA FIL@IRe) @ WHd MR Fefy Fa W 1 CRO-5 @ fifen
TN MF EfE @ (3) A I, (F) fags, (o) T 9 o 799 (igger
circuit), (X) 2 A1 AG TBIWS (sweep generator), (8) T8 75 (delay time) TSI |
MG AFTET AR She TF aRA G ToATS ToAl TAS-H® HIPD (saw
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tooth)WW!WWW%‘E(!ightspot)mCWWW%G@I
&% s o @SICT L 79 | TR O ARR S TIT (O1TE 27 = | «fb (orb-
SIS AT @STCTR AL T | 0sRT R Fers RBds ¢ Rers sewa s Wi qaes =1 s
AT BLAE 8 CFAT TYA PEHFT LT 77 2T 2A |

f\\’ \
=

Q

Q

O

19 2_[0

| 283

Q.11

rgl
&
o

000 lo
o @)
000

o @

O
\ oJc
==

O
Q
0
v

fom 7.3

7.3 % 5t CRO-3 IS B (front panel) (RRITH LT | FTYASNAT F A
ST AT AMEET S | 4-SRTe SiReiE T arE Tesa e Fowfe @Io
AT | AR TR ST RS I (LED), @R o1 @O (main switch), Feas
e @ Qugen ¥ IRE @O (brightness control), @ At orq 90 (&% a IS
OTHT A EEH AR @em «3 wiene Ra [{fen 2pRiE @ (focus &
antigmatism) | 9 @ T TRT TEY CH AP ATAR FA T | 178 LAY CRO-0S 71 ¢
5§ W A | ST CRO-(S OB e AT | QA AN @STAT R Serg S
e w1 T T @OrT OFE W TS oY% T (SFB-SPER! (voluDiv)
RS AT oo B care Frrge ol 9 | FRIEers o, e 1 g (de/
ac/GND) 3 (0 oI | FF (de) A R Rt I8, oS! (ac) WA ARCFA
R JHT IB 93 AAEFS TS TS AT | §-S0ea @i il (et Sy SRIPrsd
(81, 9) CFAT TS (trigger circuit) | 1A AT (mode) | MepT ARE AT (AT AT
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L AANEF FALPS TEre LA | GILEA K6 MR (normal) @ FHT (auto) @IS @RI
-0 ST AG TeaAws @ TR-B (time/base) TS AT | O TSR0 SPHE
WCw A ACFS AT A T

7.3.1 FCAG FMFE (Cathode ray tube)

7.4 W BrH FMAG AT G R | @ a2 @1 g *1eT Sngied (I
519 1075 — 1076 Tory) I 71 | @7 AN 2[4 ALT TEDEA I9F (electron gun) TR
T ifEers! 7 (fluorescent screen) S SIAPRIS | FERGA THS SHIZT AT
FIAE (C) *NAFFEI TOY [T TEFGT MR A | FATT (SH0H SRS & G
firn @3 eRGY adere Frgd 3 20 adie B Ipe oM e MR (light spot)
Qo] fge I3 (brightness), TEFEAE RS T, (FEH I @R SGENSRYA (O)

/
UL Sl
@ﬁﬁ‘ﬁﬁ Z==

Tc 1GTA.TA;_ A Mopr tog!
o O

r'r-l-|

foa 7.4

fpfe zm, «B forls F1@ A, A, © A IIAG QIR 1 20 1 & I GTA TF (system)
TR Be A (focus/astigmatism) | ST SHTAT A-47 (ST oI qiHR G i
A = ) eifsere e JeTge Sl T Sugpret AR 3 1 off e sdiffees 2t
T WA | oo erahea #ife Rght To7ecaa sl azel I0F Wiesl e 0 |
- AR T Ty o et 1 | TR I I RS T W@ 9 0.3 G T
AR SN T | AR T 9%2 SN A AU o A2 L SR TR A |
iR oA TS (A) IR N AEH W AT A-F AR T FA T T
RETRGA AW {ferd FoRat ZIT %I | 21 @ EIEA LI MO BRTH CFAd WX
ATF | PP’ 6 QQ' b 2F>@ wieens Ta© AT 4199 (2697 | PP’ A QQ'-97 W4
e «itef R Fae [h 9 e =1 QQ iR ¢ pp’ SaEfte fRowe R
F(A | PP-IF WY SRS FITS SN FACE WiKMen SEFCEA 26T AW | FIae
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AR PG F{Iedd ALY s 207 Boirg s [ofre e A | w8 Foiesa
CPLg MfE (BILY @2 oA (Tl A |

7.3.2 ofee RrwAa (Electric deflection)

4@ A WG T m, W, e, PP’ (2T PPN TSGR (91 y, A @
AT WG ST &A% v @R P ¢ PaF Wy ReT arew ¢ ) oIk @l I/

l mul=eV
2
..... (7.4)

9 $=Ed

AT P 8 P97 YaY T d 9 P 9T (#0 | Y-9% 9199 Ofe (FF (E) o9
2GR FlE & F AR FEAHEAT THF &Y I eE/P | (A TS (] | A
G P (28 SO 330 (@ I A SA 1= 1 /u | SR P-(2i67 R y-few
TR 3 7 R (Ba 7.5)

v=¢Et/m
..... (7.5)
yt= eEt?/2m

PP'-93 T4} SEAIGA ISCART (TWHFE) oI ] 9R GIF O (PN HG-20247 fF
TRE FPAAAR ol 21 T =@ “MiE Ssifos @ Q@R STy JfR 0 | 4 ¢
(TBA Wy e e L WA e A

tan @ =~ .. .2 (y, 613 amie)
uw L-1/2 °°

A, y,=vl-12)u= %Et (L-1/2) (V1) =¢Er2 (L— 1/2)/ m]
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SEAT y =y, +y,= eEt? /2m +eEt? (L-1/2)/ ml
| = ¢EZ /2m+¢EC ml —¢Et? / 2m
= ¢EtZL/2ml = (eEL - ml) (17 /u?)
= eEIL /mu? =eEIL/(ZeV)=oIL/2dV ... (7.6)
@ frex et RTF | mm T 9 T {Uw9 949 (deflection factor) @3¢ T AN
= [RUel FEMS! (deflection sensitivity) S, | Fefie
Se=y/¢=IL/2av (7.7)

7.3.3 fafow #fa=iet (different measurements)

(®) coTBE A ¢ Y @O AT CRO 5 FA WEARRYR Siqel ¢
@R §F AR oE WS TuT (A6 ATAn TR T | (OFD SRR AR TIPS
Tl WY TARL SFLAT A TF | TV (S SRR CFA AP n R THAE 7Y =S
i o orfE #iis = m =@

V. =nm
d .(18)

V,.=nm/2
() Fooes oAf e ¢ Srohine Srwa TAA-Sfl @ISR qURe (96 IR B T
N3RS 2 R AiE wel 7 91 201 AW 9 NRUS spfone! spie e p
AP B R 3R ANI-PE CFT AP W g A (TR 8 Fies

T=pq/N

f=T“'=N;‘pq .
() g 5@ (Lissajous figures) ¢ 7P foraa (b 7.6) Arawm wwites @ w41
ety a1 i | S SAm FooUT oI AN G PN WO TG5IY G TeAWNE T

4
l

7

b - e - J4

N\




A T | I WS TSR AZN Sqe Teg WOF 9R TH (WEe) Ao Aqehe
I AT S gy @ Anem AR | Iites AW TE Toie @3t RER e we
3€ ~lleql A | WA

¥ T3 G| Fe AL
f _  OFS ST TR R o (7.10)

v wpefi o T qua MUl

(@) Wit <At 3 4 AT TEFT SCF ALPS v, =2 sin ot IK TGHS ICF TR
M A FIFS v =bsin (ot +¢)

BEEIN v, = bsin wtcosg ~beos wtsing

= (bvy /faycos¢p —bsind f1—v */a*

20002 G2 .
b'v,“cos" ¢ 2bv,v,cosd

A v+ ——— =b?sin ¢ (1 - v, /a’)
a” a
2 v
qj V_"-ﬂ_+._\12"_ _ :."‘_3" 0S¢ =h2 5,1112(1} ..... (7.11)
ar ab
T (=10, V)}:O LIS Vx0=bSil‘l¢
oM =sin' (v, /) (7.12)

(=0 T x-SCF A A LA b IR TG x-ICF @ WA @ W O v M
BorTed I S 2L I AT ACF ST $-97 W 0° TS 90° 7T & (PO 21K 270°
S 360° TE@) | 198 LAY (dual trace) CRO 7171 0t #7we vf6 Targ S eicyit
sy WG TS bR FA0E 7.7 ¥ % 6T onim stet A 1 A qide A pae
d OF SIS G A W ETA AW

o=2md (7.13)
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7.4 ATFS BeAwSE (Signal generator)

fen «ifmffrrr oW ACTT B @I WO AU TGS TARM |
W Tt O wUel ¥ Afen @R wrel Wgfs AR I | ANRIT MRIHSA
TR T A ST, FAS WO TAA, WIS T A S (IS HFFo7 30T
(pulse) | F=iED XA TS IS HENROA 8 WS #I | MURTS CRO g
TE (LTS ST T T O IS WS e | A Bes{itaa ARIY 9T Sqent AR w4
o | AP YR FAAE A T (sweep time) T (rise time) TAR T A0 | 9% T
A T 10% TS 90% 3 =31 3R AT TP [T TS 319 (fly back time)
31 LAETIATA FANF (return time) I ST T (fall time) IC 142 19T A AT 90%
TS 10% T 90 | Sl TSN FAE T A | Ok «afb @ HTTH (uniform
time scale) R T GR G TS HC TIHNT TGRS ACF (2 Tag TCF FA A

| R 1€
VW | 1
PN + IL-'l-E‘
~ 7 lr
g 7.8

TR TR A SHE & A oIl w4 AW | OiE WG TeAWS ATT-BIN BeoAwE
RO TS I | AL SHHF T8 FAS WO IR gl 201 4o ofef e oaent
it A | FoTee 70 ~E foafs oot o7l R Wik g TUE TA0end (] WA 34 |
TSN PINN TR T TSIF e 331 |

43 TR ANG Bertwds P FA6 1o waen 7Y 77 ©f g T T 1 7.8 T Hraw
CR 973 7iead =W E=Rdq/dt+q/C
@ATA q T C-7 TS S ¢ FCA | TN I AT TW q=EC (1 -e¥R)
QYA AHTFT 72 @S o7 erew V=q/C=E(1 -eYR) s (7.14)
RC>>0 T (/CR — 0 4% @ I7
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V=E[I-{l-t/CR)]=Et/CR .. (7.15)

W Alg I3 T 1 TR AY T - 92V (@IEDEh T Ay Jiery i
2 P FAS A4S Tqe] 26T AW | 1 << RC 8 @FR R 2739 7 1 “ildagw w4 o/ |

7.4.1 @F% A#F4 GRS (Unijunction transistor/UJT) €3 474

G A GG 298 F(F AT WS TA Ji2 A T | QAT n 47T SRl
WER T AAH 4199 O T FC IO TN B, 6 B, (O I 2 | WL e (wife-an
TR pn ARG A2 T @ | <fe [T E 1B, 8 B,-7 W WS @ (5 10)
kQ T 2 |

(F)

fom 7.9

B, @ B,~3 WA (AT (SHE AT T (B, 4719) Wl &1 AR =7 (Bw 7.9
F ¢ 4) | RFHIFT DS 0V 5, T (@M 1=0.5-0.75) UIT Weiieens e 5 |

(1) Vg £ Vg 2T Rifeas folie 9@ aiag o daiz 99 #3924

(2) Vg >NV g U RIS Sgamic 4 9 B 209 B -7 Wie (m eRe AR =3 |
9 T AR A | (BT FACA |

7.9 % BT@ 9% GO (ATl TACR | B (ACF C SR AT AL ST AW | (7T (SHH=
SR X[ 2 Ol 26 AGEH (S0 (firing voltage) Vp | aelie Tl TR B-«4 G &R
W+ O Gierta TR T (1) | «F T elfdtal $w Wi | C [9a $Ta 2]iea
A GifErtiy FiE (SW) = ok ofSE wW fiw = UgT g Tesims R 7w
TG FCA GAA (7.9 AR B&) Vo -7 T 4195 C-(8 I+ 11ge 28 | 347 [ (oirba
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Vp T AT SR Hegm T T Q% Y7 g8 BB, A Tay frew qrwel w1 G
o JT ST YT W | T R-a99 W4 SRWEA TCE 4FF AW FEY T 9] 9 FeE-
@I 5% AT O AIF | O3S 4AER (C) (STHS AU 27 |

7.4.2 I°AME (Multivibrator)

TRIFS TS AZA oae! A T @Al SFoa ae Frwsl FIT AL | (T
SR, TACHS, TR AFS DT | Rfen v ISR MR @sffer A A Ty
GFTE WP WAT @R AN <TACE | iR T AN S AR @ MU (T I
] T | a3 TAEI T TEHE (mitivibrator) | ST TRSIER Gl 778 I (9o
BT WFGRE q FT AT IEEE o | s ol Ferfn fede
ereraha ol Swifba SEmEe 28 @R IaR AR I AT | FREIOR IR
T CE i & 78 aies-ofi 3w at [iiRws gorm 2refere cnre aea i 0 |
b @R AR Afren g e e g@eE = (@) 1o R
o) ARTE RISt IR (bistable), (2) @3B U@ SR AR GFAT IFTS
(monostable) €& () A i wReAl A ARE WSS WS (astable) |
BRP5 IRRR A IF OPAMP e Fae @offet eom wa T |

7.5 ALt (Summary)
1. TYEe STGGE ¢ (erbEor It JE w1
2. MERGER vy [eq drew, a4, @iy 295 Aeera wet oy
3. LR (SR afbaE Wi T, el e T 932+ IS |

4. CRO ffSw ~Srem oeifand 9% | «F 2w 9 1 FATT T T | 99 T ¢
TPl orF TR AU oy T Gk o fafen SIpfen < T T

5. - @IS AR CF AARTET @ ARG TAMCT AP T FAGHT THA|

TSP STF ATF T |
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PG T AT AEA A S A e Ty S0 v o371 T | (SF0-
i WY @IS TR A9 @3 T FACH A MG AT |

T TeAMSE AT, FAT KO, TSR, ST-AETE 31 LT 0 A |
&3 G QFF AR GIAEOHE, TS, OPAMP 2R 4 2|

7.6 MIF!LG Taquen (Questions & answers)

I,

SrEfNoR @ TR o3 3R B 9 o8 2 T H A ¢ (SIOROIET
@y el =39 1 (7.2 SRR 929)

2. EGAT (SFGRIGE AT SEGA TG 1 (7.2.2 SRR G39)

3. GRGE F o AVO 6@ o (7.2.1 REHRT @80

4, 53 71z CRO (7 Fg71 1 (7.3 G0N G23))

5. oo FAT AMMEE I W 2 (7.3.1 o= 83497)

6. STeeR-Rrsstan v Roes JRirom oW Feda T30 1 (7.3.2 s 989)

7. CRO TRTF I (SUHT, T~eT @ 7l AR *fs SCemoen g1 (7.3.3
e BBA)

8. Bt fAgm ¢ () TS BeAwss, (X) 4 AR G, (3) Tg1 1(7.4,7.4.1,
7.4.2 SRR TRA])
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