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Fig.1 Passive element and active device.
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(1) EFELFET

BTEELERDRINSPAS FET (LAF n
F v ZVEIDOHREERD. p FvRIVESEHNIE
FEHNIIEICTHS) IXEBELBETF eZiTH
RS LU TEEETADOT, unipolar FFEED.
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Fig.2 Circuit symbols for (a) electric tube and
(b) FET.
(2) P: plate, G: grid, K: kathode. (b) D: drain,
G: gate, S: source.
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HEHROIIEETH 2) 3BT e LIEFL " ORH
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Fig. 3 Circuit symbol for transistor.
C: collector, B: base, E: emitter.
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Fig.4 Output characteristics of active devices.
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ZoihfR (Fig. 5a) OEEN g, TH 5.

I I
A A
slope: g, slope: §
: i
1 V : I
VO VG > G IB » B
@ (®)
Fig.5 Transfer characteristics of (a) FET and
(b) transistor.

(2) TR X B HE

npn BT PAFIIANEME B ZHAT CB
BEU BE O 2D00#EHNHD (Fig. 6), TH
FY diode BtEREFD. —HRICIE, B E B8
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Fig.6 Current control in npn junction transistor.
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WrikRE (OFF 1REE), (2) IBIEIREE, (3) BUFIREE

(ON RE&) &89 % (Fig. 7). 7FOJEE
BT 2EIBEAIIE NS O PRy OEMERE
Z, T4 PFIVERIBITB ALY FIER
IZId ON-OFF REZH WS, LIF, EERED
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i i B
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Fig. 7 Operation regions of transistor.
(1) cut off region, (2) active region, (3) saturation
region. Saturation and cut off regions are used in

switching transistor.
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MR ILDRRICT . ZO/NSRTUER v i
KT B REREREE V, CHEHRER I B, &
IRz Vo T EEBIT, FNETNNA T AEE
BEUNATAERESS. TibbERH/IME
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Table1 Signal flow in active devices.
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Ig =vylr; (6)
ERB. K(GB), O)ZFHLET, FSIPAID
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Fig.8 Small-signal equivalent circuits for (a) FET
and (b) transistor.
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INDBZENDND (Table).
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HEE v AT 5 ZE0—RiAThhs. €D
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Fig.9 Series circuit of a power source E , aload

resistance R;, and an active device.

ZORITBWTER E SAFEM R, EEIR
F (BFEEREINIOVAY) OEEICER
THE, ZHIIEEFEER E SNEREHL R, 25
D Thevenin BIEIZ, BTFEAML TVWSEEET
HBTECEML. TNEHRLZOD Fig. 10
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Fig. 10  Circuit of series of a Thevenin power source

and an element.

Fig. 10 @ Thevenin EIRORHENL, BEE Vo
=F CSEHEER I =ER, EEHEINERTH 5.
Z O Fig. 10 {2V 2 EFRHERZ, Fig. 9 DB
N OIXETHIERR load line & F5. F7z Fig. 10 T
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£ output characteristics (Fig.4) TH5. Ko TZ
D 2DEEHLENL, 8 Fig. 9 DEERIZRNDS
BRI EEBEVIE, oA ARTERR
EDRTRERD (Fig.11). ORISR
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Fig. 11 DRRIERIC K DEWER & sRed 7zl
125730,
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operating point
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PN\ / T
! V\
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5 E TV

Flg. 11 Operating point as an intersection of
output characteristics and load line.

(4) BENA Y A ELEFEER
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AT AN RTINS RN, ZoE0IiIZid
ATINA T AEIR Ve E721d vy &, HANAT A
BIRE &ED2DDEFENVETHS. % Fig.
12 ITRT.

HEETEME $5% %15 (2003)
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Fig. 12 Fixed bias circuits for (a) FET and
(b) transistor.
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7 A[EH fixed bias circuit && 5.
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Fig. 13 Self bias circuits for (a) FET and
(b) transistor.

BENA 7 A (Fig. 12) \THBTFBAHRNT T
ABEV;, V3 FET, NI IPAYFNTN
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THD, EER [ PEAZNIANBED R, DR
BTTRRITIE>TW3, IRbbERtEE
WMo TNWBZENDNS. - T, Fig 13
DHENA Y ARKZEREE/NT 7 X[EEK

current feedback bias circuit & HE .
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RIEID Fig. 13 TEBONA 7 AREERLTZ.
ZDNA T ADWM O IZIRETEBEZANS &
E, AMEB vIX FET & b2 PAYTENTE
NV, (FED) £ v (FS2PAF) DEIT
mz, HAEEv,ZVHASEDHET (Fig. 13).
T, ANMEBEEAEBTOHS DA EE
DHLT, BERFEZRERANTHELTE

HEL, Fig. 14 DRRIWET B ENTES.
E
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e
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Fig. 14 Current feedback bias circuit with feedback
resistance R.

EZAM R IXERNA 7 ZAOABBENT S
DT ANIZSDTH-T, FHEE v, DIF
N RN, BEERIRFICMADANEE v = v, -
Ri Z/INELTHEHELDRN. K0T, KME
HERCE S TE Ry B ZEESED ZENE
EFLW. ZDEDHIC R KAFICHEAT BT
SHENANADST Y CGEED (Fig. 15).

K2, HATOEBEL, EBRIIEV + v, &80
THY, ERNAITAV BA->TWS, HAK
W ZOERES VIIRETHD, E5EE v, 12
JEERDHLUEN., fEo TERERE V BN
BEDIEATRAT o ERKEIT Y C
EES (Fig.15).

AT v, BZEIELT v, E LD, KRESRD
v, CHEBEEIEL20THD. ZOHEEZT
LR DOEPTE Ry, TEDT (Fig. 15).

PLEDONANZRAT Y G, eI T >
C, LRy % Fig. 14 IZMA 5 &, Fig. 15
DRRIZIRS. T O Fig. 15 OEEEICHIT HHEIER
BEUOZE DEBEBKFEZLLTIORE .

|Fpov

Fig. 15 Incremental circuit with working

resistance Ry.

(1) NANARDAT Y CORR

&, WEAT Y € BHPCKRES TR
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T5E, BRBEKFEEERTENL Re& G D
iz > B—F > A

Zp=R(1 +iw/wg)? (11)

PTHB. T Twp= 1/CR TH . iE> T Fig.
16a NMELND. EIAWKRBERFICEL T,
EEBER E REKELVWOT, EREEEL
T Fig. 16b 2555, R & R & Ry, D5
BHT,
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R= R, + Ryl (12)
TH5.

73
(®)
Fig. 16 Signal equivalent circuit with by-pass

capacitor.

ZZTREENRF OB E LT FET BBXTHEX
5. FET OfE5HREIL Fig. 8a LVFE D>
Fo5 A g, EHHEPT r, BRWT, gy, DE
TRIR&E r, & OAFIEEETHRIOES (Fig. 17a).
L gve @ Norton BIRIRZDT, INZEuwg D
Thevenin EERICHEFERT, Fig. 17d &25.
Z T,

H=8ulo (13)
V& FET O&EEIEMEEE voltage amplification factor T
H5.

—o Vo

. 7%

@ (b)

Fig. 17 Norton-Thevenin transformation for FET
circuit.
(a) Norton type representation, (b) Thevenin type

representation.
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TH5. IOIEEBRITNE, HHERL,

AN TR B5% H15 (2003)

Io = wi/[(u + 1)Zp + Ry
ERD, HAHEFEIIv,=-Ri,J2DT,

Vo= - UR (1 + 1)Zp + Ro] M v;
LB, ZIZTC, Ry=R +r, ThHB. ’E2TID
B OERZER A= v i,

A=- A +iw/w)( +iw/kwg)?  (14)
Eix%, ZIT,

k=1+(u+1DRJ/R, >1

Ay = uR/R, 15)
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Z DIEIER 4 OISHEDOIEEZE, (8) B

oDFFETH LT Oy T UL Fig. 18 DFRIR
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D k fE DR
oy = kg =k/CoRp (16)
AYEBERTE B 0 £725.
log |4 |
A
J (0] A ——
/ ‘logk
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Fig. 18 Frequency response of amplitude A.

(2) #HEa T ¥ CcDRER

SEWEINAINSAI T oY Cp ORMNEHRT
ELEEREZD. THE, FRABEKEEIE
BaTFH CiREBIETRS (Fig 192). Z
NERFEBEKRICLZDON Fig. 19 THS.
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RL C C
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Vi O—> L L
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Fig. 19 Signal equivalent circuit with coupling

capacitor.
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ZZTCHREBRTOHAELTIN I ORI &5
ATHEKD. NIUVAYDOHEREKIE Fig.
8b THEHES DT, Fig. 20a DfEBZEAMREIERH R
5, ZOBBRIEG; & R, ® Norton 5%
Thevenin EFIZHEET (Fig. 20b). T2 &{EFH
B Ry ZRNDHNER i1

I, = BRYRY1 - iwng/ w)
EIRBDT, ZOEFROEFIEER A, =i/i 13,

4; = BRYR)(1 - ivg/ w)™* 17)
&%, ZZT
R=R; +Ry, (18)

THD, &iFEDKW)MMFIIRFT TH > 7=DI
S UEIBEHI TH D Z LK 2 TR nda
S50, 2L T, #HEEEKw 132 DEFIR
RZRNWT

we=1/CR (19)

EEROHEIND.
c R, C
2 W o,
. |
Bi; G) Ry Ry BRy; 2Ry
—>
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Fig. 20 Norton-Thevenin transformation for transistor
circuit.
(2) Norton type representation, (b) Thevenin type

representation.

Z DERBEER 4, DHEHEDON R E, BB
RoOMETH L T7ay Mud Fig. 21 Ok
IREBEIREEERT. 97205 we HHEEEET

A w, ET725.
log lA1|
A

log B(R/R)

» log w

4 log wc

Fig. 21 Frequency response of amplitude 4;.
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