NSO RBADET) S



FERDEE

(:)aﬂzywﬁ%&
¢« &T

O Fw—Jb

BHREFEFR—ILDORE




R—IL DI EY

OROMNONEO
DIOMONONEO

CHOMOMOMO



ER UEY/E SECRY

@ b EDE T8 IV = LADIEF

NI SR PRI IR




/N O )

LR

(0AD

E=RAIA

S [ 2 R
>

chﬁ




PNIEE R A A —F D%

T pZ ' nE pHl ' nEY I
. I
oO— —0 O— L o
L 1|
Vv 1%
(a) IEAME/ AT R (b) HHENAAT R
I
‘h Vd — ‘ d A




HEMNTELGN? «— Vg —
>t 3
g
VDC - R VR
[ [
1.5V 300Q [0 |
777 777

R=800Q, I¢=10"1PA, k=1.3810"23JK
¢=1.6x10°C, T=300K, Vpo=1.5V

qV, VooV
Id—ls{exp( kfl(j) 1} Id: D% d

RINDOERNTV & 1,028 T, FFRENB2ME 7273,
ViRIJZDOWTHRES 2 LD TE R0,




= : > Vd
T 0 0.7
I IE ] 0.8

KEDOpEET A —F D%

To=107°A, k=1.38<10"JK Y, ¢=1.6x107°C, T=300K
[=0.10mA D & %V;=0.655V
T I
Vo=@ kv 1 0mAD & X V20715V

q Ig
Ip=10mA D & X Vp=0.775V

IR E B LTHVHTIEIE—E.




P

0.7 " Va
108

KEDOpEET A —F DT

>V
0 d

SL

::::&%9\\’(?_ I\\\q:ﬁ'l‘ﬂi

I 4

0 v,

VLS A A — %




— V;—
i
1 1y
VDC - R VR
[ |
1.5V 00Q 0 |
777 777

R=800Q, I¢=10"1PA, k=1.3810"23JK 1,
¢=1.6101°C, T=300K, Vpo=15V, Vp=0.70V

_ VooV,
EBEE: V=070V Ip= DC}{ D _1 0mA




Flliﬂ .

KTy L

Voe—In( +1)

n+. I >
ID( 1): q - S Cl:l/\‘j

it E RN CTEDI KOV, & RKD K.




n® p& n# pi! n# pHY
E O— —0 C E O— —O0 C
B B
(a) npnkS2 R4 (b) pnpks T R4

E: Emitter, T34
B: Base, "—X
C: Collector, AL 94




INAR—FESUDREDEE

nf! p#! n#l pE! nE pHY
E O— —O0 C E O—— O C
B B
(a) npnkS R4 (b) pnpk3I2Tx%

I Iy Ie
P /_o TN/ 3
\ y \ ]
VBE IBT VBE Bl Ve
B B
(a) npn b7 > A% (b) pnpb I 2T AF



INAR—FS DR D ENVETEE

VBE I T Ve
B

(a) npn b7 > A%

T W e dak

REENTE MR
AR AN AR
W5 ] BEBhIE MR

E ]E_> IC_) C
V)
VBE [Bl Ve

|

B
(b) pnphZ7 > A%

4

V<0, Vpeo<0

V>0, V<0
V>0, V>0
Hi : Vpp<0, V>0



MR @ Vpp<0,Vpe<0  fafnfEik : Vap>0, V>0

Ig 5 Ic 5 Ig |<} {>| Ic
| I x | I

I| | I| |

VBE Ve VBE Ves

(a) (b)
ﬁ%%ﬁ/ﬁﬁﬁ\fﬂﬁ : VB E>O7 VBC<O




AEEN R TERR

I

jan

Ve

VBE

Ven

VBE

Ven

VBE



Ebers-Moll &)L

IE Ve —> <~ Vpe L le
O T a— o — ® O
=N {>|FC 0
O : (<)
-/
o ke o pl'p
I
B O
;\IE ,ﬂfﬁ‘ﬁ/\iﬂjz . VB E<O, VBC<O
BEENYE %ﬁgi‘ﬁy VB E>O, VBc<o
ﬁ@%ﬂﬁ BjZ : VBE>O, VBC>O
W7 AN BEENTE P REIE « Vipp<0, Vpe>0



Ebers-Moll®O AR ETIL

(_[E %—» <—V§|C (_[C
O n a— — — T O
k I'p [’C C
& . (<)
_/
o ke T apl'p
I
3O "
, - 4VBe
I~'=1c<ex
Imapl I c=los) P(=
Ir=Ir"—apl~’ ( |V4
E E R C [E721E5< eXp(qk?E

I
H
—~



Ir=aplpg {exp(q‘]g;E )—1}—ICS< exp(qVBC 1t

IEZIES{QXP(QZ?E )—1}—05RICS< exp(qVBC 1t

REENTE MR T, exp(ng sl expﬂ?;c <Lk L

.
Io=aplggexp(2 k?E Hlcs

VBE
[ =] rcex
= pgexp( T

Harlog

Io=aplpHl-apag)cs=aplp+ico




C C
(I)“@ R—RALMWYER |, (I)a@

B B — b
1T w%:}agT_
IE SZVBE [ElSZ VlvB’
EO L EO —
BENZ HE DR £

A E B3

RBLORC

E

20



ETIILOBEE=RBELDRUE

C C
]B &G@ IB CEG&

B — b B — b 7
o—{ P T . o—|v:|—-B_
]ElSZ VB E o ___JBE
E © OE
Vi=0.70V
SHIEAHREIE
a—>1

[BZIE—]CI(].—CZ)[E . IB:Oﬁ)OVBB’:TbIB:O

21



IB:Oﬁ)/)VBB’:Tb[B:O (0[21)

1=
o @ o
|<—x”/—|

C
Ip (IDG@

Ty
o 4B

I. &
ﬁg
|— v —|
TFE
(b) JL—%
C
B
T
11
™ VBE
EQL

22



FL—R/L—BRIZKBSUOREIDET) Y

=0 LS
o @ o o—@—o
|— v —| |~ v —|
I g
0 TE
(a) FL—%3 (b) /L—%&
C C C
Bc @ B Bc @ B Bc @ B
! ! |
Ve VeE Ve
[ i T
E E E
npnkS o X4 npnkS 2P X4 pnprS T R4

ETIL(1) ETIL(2) ETIL




BRZMAT-5E DR

o —
i

Vin I Vpotv,—Vy 1 Vpotv;
_ i p Vitvow 1= DC™%in d:__vd L P DC T in

| R R R

A. V(_ AV : Uzn@il:)l_érl]lg

:
-« 24




1,2 — .
L2 %\\
L'




S b
in_ I d
R VR"H}out
Ve 7; 7[|7]7 |
777
Vpo+vin :VQ Vg tVR+v0 (2K)

—) VDCZVQ-I—VR (E/ﬁﬁj\)

=77)

aufi

Vin=VdtVoyut (4

Vd ZVQ +v d

26



A 777
B
VDC:VQ +R1 Q

Vin=UdtVoyut




INATR—FFSOOCAIDIMEEETIL

>ViE T
[p=—2=% AVpg+pg
@VBE VBE:VBEQ
- -1
| ety kKT 0.026]V]
2 Veely v, | YEQ I'pglAl




. o @
E
- -1
| orp KT 0.026]V]
) Veely v, | dEQ 1 BOIA]




7—1)— R

aLoAERMNALIFA-ITE2VARIEREIZE > TEILT HIRE

VC’E) 1 VA

T .= —
VA v @IO aFIEQ
Vog

]C—“F[E(l

30



FDMHDINATR—F T RIDIMESETIL

C
Iy CI)“@ i ak fE D

B — b
— 143 __ .
P R 2Rk k.
ElSZ VlB’E
Eo
E re g Xl

Te_IEQ[A] 31






W EXNIZHEY T Spnp b 7 P A XD
KEFET NVERE., £, KOk
KEFET N O/METET VA
Kb L.

33




INAR—FFIVOREDERKIMETET IV

FESEZEE
a=—20 1 ~ "
@ et TR T
+]a) Crme
o







NAR—=T b7 T AZDf,

fre i Hp|& 72 2 JE K

T'p
— 1
) b A) '

IdmUpe

To

777



T l
: — T > Tic
1 n ﬁcn = U|b’e _%gmvb’eﬁro
777 777 777 777
Tﬂ'

%

Vpe=

L+ja(C +C ), i (gm—JaCc)ry

| | i L+jo(C, +Cr)r
le=gmVpe—J OC Uy, b (CxtCo)rn

EARE icz Im'n
G >>C o, (C +Co )r,>>1E RE s G C+C )

fr=—">=m
27Z'(C7Z+C'0)




U

fT— Im
272(Cr+Ce)
A
e C>>Cpo
Upe
Frm Im _9ImY%e _ I
0
p, qADnnp 0
C_ Wpg ZDn

AQ, @ 1 1 ,(0)WpgA W5

D, kT

u

q

(7T A v aX A DOREFRE




