i =ig=i.=0
NPN Collector

Base

Emitter

MODE



Ic=lsexp(Vee/Vy)
NPN B Collector

Base

-
Emitter

ACTIVE MODE



1c=lsexp(Vee/Vr) (1+Avee)
NPN B Collector

Base

-
Emitter

ACTIVE MODE



Ic=1sexp(Vee/ Vi) - lscexp(Vec/Vr)
NPN B Collector

Diffusion

Emitter

SATURATION MODE



NPN PN Junction
Mode B-E Bias
Cutoff Reverse
Active Forward

Saturation Forward

Col Iectorl’

-
Emitter

PN Junction
B-C Bias

Reverse

Reverse

Forward

1-v Characteristic

i =i=i.=0

1c=1sexp(Vege/ V)

B=iC/p’ iEzicla

Ic=1sexp(Vee/ V) - scexp(Vec/ Vi)
1;=(1s/B)exp(Vee/ Vi) +1gcexp(Vec/ V)

1.>1./8, 1o/ 157 Brorced<B



NPN PN Junction PN Junction 1-v Characteristic

Mode B-E Bias B-C Bias

Cutoff Reverse Reverse 1.=1=1=0
Vge<0.7V Vpc<0.5V

Active Forward Reverse 1;=1/B8, I=i/a, o=B/(B+1)
Vge=0.7V Ve<0.5V
1.>0 Ve>0.2V

Saturation Forward Forward 1:>501/B, i/ 15=Bsorced<p
Vge=0.7V Vgc=0.5V
1.>0 Ve=0.2V

ACTIVE MODE SATURATION MODE

Collector Collector
iB 0.5v
Base * Collector Base Collector
0.7V i i 0.7V 0.2v
Pl 0.7V ‘ :
Emitter Emitter Emitter Emitter



i =i =i:=0

PNP Emitter

Base

Collector

Emitter

+

VB + —

Collector

CUTOFF MODE



1c=lsexp(Ves/ V1)
PNP @ Enmitter

Base

Collector

ACTIVE MODE



Ic=lsexp(Vee/ V) (1] A Vee)
PNP B Emitter

Base

Collector

ACTIVE MODE



1c=1sexp(Ves/ V) - Iscexp(Vee/Vr)
PNP B Emitter

Base

Diffusion

Collector

SATURATION MODE



PNP
Mode

Cutoff

Active

Saturation

PN Junction
E-B Bias

Reverse

Forward

Forward

PN Junction
C-B Bias

Reverse

Reverse

Forward

1-v Characteristic

i =iy=i.=0

1c=1sexp(Veg/Vr)
1;.=1/B8, =i /a

Ic=1sexp(Ves/Vr) - 1scexp(Ves/Vr)
1;=(1s/B)exp(Vep/Vr)+1scexp(Vee/ V)

1.>1./8, 1o/ 157 Brorced<B

Emitter

VCB + |

Collector



PNP
Mode

Cutoff

Active

Saturation

PN Junction

E-B Bias

Reverse

Forward

Vegg=0.7V
1.>0

PN Junction

C-B Bias

Reverse
Ve<0.5V

Reverse
Vee<0.5V
Vec>0.2V

Forward

Ve=0.5V
Vec=0.2V

1-v Characteristic

i =i,=i.=0

=i /B, i=i/a, o=p/(B+1)

iB>iC/p’ iC/iBzﬁforced<[3

SATURATION MODE

iE Emitter
Emitter
0.7V

ACTIVE MODE

Emitter

Emitter

0.7V

Base Base
0.7V 0.2v
1"--:|. 1"--:|. .l:--..'p 0.5V
Base ' Collector Base Collector
Collector Collector



NPN PN Junction
Mode B-E Bias
Active Forward

Small Signal

Collector

Emitter

PN Junction
B-C Bias

Reverse

Base

1-v Characteristic
Ic=1sexp(Vge/Vr)
1;=1./B8, 1=1/a

On = dic/dvge@(Vge)
On = lsexp(Vee/Vr)/Vy

I, = 1/B = OyVpe/B
r. = B/o,

I, = 1 //a = g,\Vp/a ~
re = a/g,

ro = dvee/dic@(le)
r

_ V/lg = 1/AL,

Emitter

= 1/V;

= Vp /I,

Vie/ T e

Collector



PNP PN Junction PN Junction
Mode E-B Bias C-B Bias 1-v Characteristic

Active Forward Reverse ic.=lsexp(Ves/Vy)
i

s=ic/B, =i/«
oratt stonal On = dicZdveg@(Veg)
On = ISeXp(VEB/VT)/VT = IC/VT
I, = 1./B = Q,Veu/B = Ve /Ty,
Emitter .- o

i. = i/a = gV /a = Ve/Te
re = a/g,

ro = dvge/dic@(le)

r = al/Zlc = /(2] 10)

Emitter

Base Collector

Collector
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