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Physic of Semiconductors —

-1-1



-2-1

Atoms ( )

Bohr model
Brotons Neutrons
( )
(g=-1.610" ¢ )
Ne=2n"=2,8,18 ...
(1-1) . m.n :Ne
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Valence shell (Four valence electrons) Valence electron ~—
/ Shells
Orbiting
electrons
Nucleus

Silicon Germanium

(a) (b)

Three valence Five valence
electrons electrons

Gallium Arsenic

(c)

(b) () ) (1-1)
((c)
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* Energy

Energy gap I

Energy gap I

etc.

Valence level (outermost shell)

Second level (next inner shell)

Third level (etc.)

l Nucleus

(2-1)

:(Valance Band)

(Forbidden band)

: (conductive Band)



(1,6. 10°, 15.10° Q)

.(3-1)
(a) (b) (c)

Electrons Energy Energy

Conduction band “free" 10
establish

conduction |

Energy

Conduction band
~e & & &8 The bands Conduction band

overlap
Eg>5eV i3

C] Valence
1 electrons

g bound to
the atomic
stucture

Unable to reach
conduction level *q\

Conductor

Valence band

Insulator

E, =0.67 ¢V (Ge)
Eg = 1.1 eV (Si)
E, = 1.43 ¢V (GaAs)

Semiconductor

(3-1)
(a):Insulator, (b):Semiconductor, (c): Conductor

107 -10"° Q/cm)

( )
.(3-1)
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10° - 10° Q)
(/cm

Germanium Silicon

(4-1)




.Compound Semi- Conductor. -2-

Ga As (
. In As .(5-1)

(5-1)

29



Ge

Si

.Holl

-5-1

(Free Electron)
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(n) Negative Charge

.(P) Positive Charge
“— -
P=n=n;
.Tn
o
.Recombination
—
e = 175 <
-6-1
)
(
( )
-1
P As
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AL GA B

:N-Type Material -1-6-1

(P) -

(4s)

(6-1)
( )
As) -
(Si

Donors
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.Majority Carriers
—
&=
-
P- TYPE - -2-6-1
MATERIAL
In B Born
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(7-1) (

< Si
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( ) -
(Acceptors Impurity)
.Minority Carriers Majority Carriers
P, N -
— — — -
(8-1)
Dongr ions Acceptor ions
//\\ o
] ajorit
®Cg +® © 937cargiersy +e +e +e tg
e F @ © + + +
o®e g @ - +-6% ¢
+ ® _* -+ e+ 4
+ < + 1 Minority Majorily/"l' - e +
- + = = @ carrier carriers = + \\+ -
\Minurlty
n-type p-type carrier
Nn >> P, Np << Py
P-Type  N-Type (8-1)
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Effect of Impurities on the -7-1

;Energy Band
( ) -
Eg
Eg
VE,~E, =E, (9-1)
4 Energy
Conduction band l
Ey
(9-1)
-8-1
-1-8-1
p=p ()
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p=n=mn;
n;
N -2-
np
DPn
( ) Pn
ny=np .
PN ny >> PN N + PN
Ay =Nnp .
P -3-
N
ny Pp =ny +np P
( ) np
Pp ~#ny < Pp>>np
-2-8-1

— _ _ 2
nXp=npXpy=nyXpy=Hn
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P
n
P n
P, ~ny n, ~Np
2 2
ny = M Pz
NA ND
.Drift process and Conductivity -9-1
Sl 4
( ) E
(10-1)
( ) Vs
V,=—mE (1-1)
r
]
V
i E
: ‘
j_Electron o—>
“““““““ <o Holl [/

(10-1)
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.(Volt/m)
.(m/sec) g
(m*/Vs) o
( )
. sz
Semiconduct ”n( V_S_j
Si 1500
Ge 3900
Ga As 8500
Juan =PV, [4/m’ -1
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[Electronj
—e n E
m
(2-1) —q
A
pn =-ne= Jndrtft = _ann (_ZJ (3_1)
m
Drift
Vy=u, E : Velocity
Electric Field E
-Hp
Jp drift = Pp Vp (4_1)
e pp=P.e
(4-1)
derift =P.e. V;, = Pq Vp
[Holl/m’] :P
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= Jarifi = Inaripp + Jparip = -n.q .V, + P.q .V,
=+nqu, E+ Pqu,E
= Jaip = (nq un + Pq p1) E = (0, + 0p) E = 0101 E

Ototal = nq,un+ PC],Up = Oy + Op

=q (nu, +Pu,) (5-1)
. Qm'] Ototal
-1
(5-1) P=n=n,
Ototal — On +O-p =np (,Ll,, + :up) (6_1)
: N- Type -2

Jrotal drifp = Inarifi T I arifi = narif
Tndrift JIp arifi n, >>>P,

JTotal drift & JIndrift = N.4. Uy E
N o,

= Ototal ®On + Op ®0Op, = N.4.Uy (7_1)

o, P-Type -3
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JTotal zJp = Pq - Mp E = Ootal = O-pzp'q' Mp (8_1)

1
oc~n=whenT "= n "~ =0 "= —=ps
o

:Diffusion currant Process -10-1
(grad)
Jag = - D. grad p (9-1)
(-)
. [m’/sec] . :D
D, D,
D

D, D, KT T
W, U, qg 11600

(10-1)
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Vr (10-1)
K=1.38 10%[J/K]  .Vy = 0.026v  T= 300k

Pp = P4q p n= -n.q p
( )
d d d
d=—+—+— 11-1
T Ty d (11-1)
X
(11-1)
Je XS5 p P,
...
* & @ - [ ] L J
: :.o e® )]
| o
Az oaddla b
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J

= Jag =S nay

on
. =qgD —
dif =4 " ox

=J

J

general

= Jdrif

X, P

X5

.Equation of Boltzman
A

Pdiff

—gD P> (12-1)

? ox

on 0
ap = nqu, Etpqu, E+qD,——qgD &L

ox ? Ox

(11-1)
X5 P,

X
X X
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S Fermi level -11-1

E
F(E)=|1+ex E-E ] (14-1)
- Pl kr
Ep .ev E
T (K =1.3810%J/K) K
T F(E)
(E_EF)
" KT
E-Ep KT -
— E= EF -
E-E,
KT
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E—EF —+ o

exp (1) =0= [ (E)=(1+w)" =1 50

0 =

[(12-1)

0.75

0.5

0.25

6 (E-EF)/KT
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E+dE

1 3

Ny (E)=y(E-E.)* with 7/=4}(l—73[(2m*e)2

h=6.626 107 joule-sec

EC_EF

.n.=N.e kT -1

El

2mm KT \2

Ep—Ey
P,=N,e T -2
El
27mm KT )2
EV NV = h2
Np =N -
n=p=ni
Ec—Er Er—Ey

=np=n =P =n.=N,e KT =Ne &
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N Ep-E, Eq—Ejp Ep—Ey—Eq+Ej 2Ex~(Ec+Ey )
C
- —e KT KT — o KT —e KT

N. 2E, E.+E,
N, KT KT

=2F, :KTln%+EC +E,

14

N N
E,, h—S=Inl=0 KTin—=0

vV V

1
=E, = E(EC +E,) (15-1)

. P-Type N- Type

:N- Type
N,
e (Electrons) ~~ and O(Holls) <« = nc "~
= Ep = Ep<Ep,
N Ep,

EFH_EFI N

— KT —_ D
n.=N_ce =>E,=E,+KTlh— = E,<E,

C

.nC=ND .
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( ) :P- Type

O(Holls) -~~~ and e (Electrons) <« =P, .~

= EF = EF>EFp
P,=N, : P Epp
EFI_EFP
P,=Ne *
NA
=>FE,=E,-KT'ln— = E,>E,
V
P N (13-1)
E.
-------------------------- S 3
ceerenenbOtbiddenband | E=Ep
_________________ L —— L5,
E.
Valance band
N &P (13-1)

49



50

—2-
Semiconductors Diodes

(



-

Semiconductors Diodes ( )
-1-2
P- N- Type
) N .Type
(
P
( )

-2-2

:1-2-2

(1-2) (N, P)
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P, N P
.Np, N,, P,, P, N P
:Homo junction- -1
Si, Si Ge, Ge :
P- Type N- Type
:Hetero Junction -2
.N- Type P- Type (Ge- Si)
Abrupt Junction (Step- Juncture ) -3
N P
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:Gradual Junction (linearly GJ) : -4
P N

P N

.( Metal — Semiconductor)

-2-2-2
N, P
)
(ceeenen
-1
.(2-2) . P-N
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N- Type P- Type
&EN&P & Py << P, -
Lpaigy
X
FTTTTITee Eji=VO  p---mmmmmmmmy
: ‘7""'*" &g Dcplction region | i ga (gl |
ooneen e | oSl Bt pemmomeee -
R — SR oy — | = =] A e
Ny "+@6;_@"'><><}g§@ @ @ T 1T
________ _‘ + o+ IR+ T ._
[ @u *RRR @ - Y -
o TR . @ -
os ot o oT T
- +e ==l © = @ =
3 I
l 11P<<pp C.S.)-']l asbi. p,<<n,
’”=0mi\ ’n=0mA
o+ Vp=0V - o——
(no bias)
(2-2)
( ) & N,<< N, -
N P )
= Ligg = Lpaip + Dnaigy
+
P-Type P -
( )
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( ) N-Type

(Depletion Region) -

( )
(N P )
P N
(+ - )
P— N E
P -1
P- Type N
N- type
-Indrift P—N
( ) N- Type -2
N Ipdrift P
P
P N

Jrarii = Doaripp + Luari
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Liotal = = Traripi + 1 raiyy

(N-Type)
Vy
Trarip = Trar 1o =0
5 N 5,
0= 5}) + é;t P
)
(

(3-2) _

P N
P, =N,
0, 0" 0, = Op P-Type N-Type

-Pn= Np .(3-2)
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(3-2)

(4-2)

N-Type

p-Type

N-Type

P-Type

P, << N,

Op 7 O,

8, <<3p

(1)

=0

N, =0 < x

P, #n, .

P,

= x =240



\'\pn
= LY
»X
(4-2)
o :(2)
)
) (
(
0" =0"= pVy=p,V, = eN,.A6, =eN A5,
4 14
o
Vi=A.0, & V,=49,
:pp & Pn
Np P Ny
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Vp#0

NAzPP<<I’Zn5ND =N

= Np. 5}1 =N, 513 = 5" =£
o, I

5n<<5p = 555P+§nz§p

<< P

<</

N,<<Np

) < V27

< Vgll

)
(Vp = Ovolt
Vs

:Reverse Based P-N Junction (

Vb

:(3)

:(4)

20°

-3-2-2
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(5-2) N P

(Vs )

~€— | Minority-carrier flow

[II'IujOl‘il)' =0A y
o o <
¢

o—P|nf—o

i | |I (Opposite)
R
Vp<Ov
(a) (b)
(a) PN (5-2)
(b)
P -
( ) -
)
(
.(5-2) O<< & < Vs << Vg
L VR
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T7= = Electrons 7 = 1,7
. PN N« P -
P -
=
P
— =N
I
Ry
I,=0 off
:Forward Biased P-N Vp > 0 ( ) -2
Vb
A P-Type
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< (6-2) K N- Type
Vs
P-Type
<= (P )
N
N- Type
(N )
P
(6-2)
h I.S
> Imajorily JD = Imﬂjority - [g
o < \* ' o ® o)
+ D:cm Vo ~
o Pl o
e n —
Depletion region I
Q & p|n
o ——o0
= A
@ Vp=0v (b) (Similar)
(a) PN (6-2)
(b)
o >> 0
V5> Vf I/}
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N P)

v ]
Vp 77 = E,, ol =e

hA7" =l 77" =T "=

Vs -

on P -
[D = Imajority - IS

-3-2

Diode Equations and Volt — -1-3-2

.Amper characteristics
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I, :IS(eVD/”VT —1) (1-2)

Shockley
Ip
[mA]
.[VOll] Vp
[mA] Is
(1,2) n
n=1
( ) Vr

T=300k"=27C", T(k)=273+temC

V=Sl [pol] (2-2)

(1-2) V=26 my

Vv, = n.VT.ln[j—’z+ 1] (3-2)
(1-2)

I,=Ige"" -1 (4-2)
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1" >> [ < l<<e

]D ~ ]S eVD/”’VT
-2) e
[5>> — L _oWoim
eVD/nVT
(7-2)
Ip =

65

Vp/nVy

< (

Vb

Vb
) Vo> 0 -1
Is
(7
) Vo <0 )
I, e’ << I
I, =-I
VD =0 -3
I, =l —I,=1,—1,=0"
-4
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(7-2)

I= 10 pA

Vp (V)

(7-2)

Ip (mA)
1]
2 i
L)
19 :
18 H Actual ially
o H available unit
17 +
16 Eq. (LI}
15 H
14 1
13 H
-, ] —
! H | Defined polarity and
1 H direction for graph
10 L v -
N ; + ii =
9
8 " ] —Ip —
7 ’ T Forward-bias region
6 : i (Vp >0V, ip>0 mA)_|
5
4
3
2 H
- i
1 ..;
5
—40 | -30 | -20 | -1 Jor—d 05 | 07
10 pA
| Reverse bias region _ 2'0 puli | No-bias
=| (Vp<O0V.Ip=-I) L 0 | (Vp=0V,ip=0mA)
-E' ~ 30 pA
= = 1 2
= o 4 =40 pA -
1R~ . |
= O
T =
=
[='=]



(7-2)

Vo> 0
Vp <0

67

[pA]
Is~1[nA]
Is
T —>
i
T7

[nA]

-2
1000—100

77

it

Ip” 7




2.5 mv

125°c  25°c¢

— 25-125
(8-2)

< 100

0.25v

EEENN

] 2

S 0 )

niLl &

0 ~

{ || o

11 W AL TTTY

R s 7

N Ll "he

S " R RRARL N e

ox Yemaalb ~ 7

RS JJ.DoﬂN— ] “ - -_0.-

)

m S L N

il g g E

N TORTRR EEINNEA

< | 1

8 1

S I,I- i

"o ).

H < 14
Sk [l
3R
1 o
0
~ 9

N
30

25°C

40
40

Tl

(8-2)
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Is = 0.0IpA4 ( ) <
(8-2)

Ga As  Si, Ge
(9-2) £
T11T [TT1ITI1IT1] [ 11111 11 T T I T IITIT1] [T 111 AENEESERER SENERS T
1 17117
FH4fp (mA
30§
m = u; T T -
T
23
1 1
it
i I Ge Y GaAs
i3 ,
i ! -
10 j ]
10 - ]
1 1 T
I ]
5
1 g -
0.3 L 1) 1012 Vp (V)
- (Ve (Ge) | Vi (S0 11 Vg (GaAs) - - -
B 1SeA it T 1
H T 1
] LTI
H 10 pA—
! Ve (Ge) T
» L '?'I.(Ge\ l"'A
. : i 1
1 I

(9-2)
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-1
IpA

duA 10pA

Ga As (9-2) -2
Ge Si
-3-3-2
:Dc or static resistance
Dc
A ( )
ID
In Vp

.(10-2)
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Ip (mA)
Ip
Vb
|
—_—0 Vp (V)
(10-2)
R, = ﬁm[l—D ; 1] (5-2)
D N
Ry =22 But I, ~I,=R, -2 (6-2)
ID IS
:Ac or Dynamic Resistance -
AC
(11-2)
) Dc -
(
AV, Al
(11-2)
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Diode characteristic
~—
aly

l

Tangent line

Q-point O-point
{dc operation)

> Ad g

(11-2)
(11-2)
(7-2) L V.
-2)
(7-2)
d d Vo /nVy-1
I,)=——|1 ("""
dVD( Y, av, [ S(e )]
a, 1 (I, +15)=1/r,
dv, nV,
(8-2)
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(

(8-2)




- <=
V=26 mv n=1 (
1
1/r, = 1
d VT D
= = &:26(mv)
]D ]D
p-n ac, dc
.(Body Resistance )
.(Contact Resistance)
Vq

v, :n&+r3 =r,+r, |Ohms]

0.1Q

2Q
ry rp
Vq r'p

rq rp

(7-2)
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Iy>>1, -1

(9-2)

(10-2)

r'p



rd=ﬂ But Alg -0 =r, >0
AIS
-Pmax
PD:VD.ID < Pmax (11—2)
:Break down Voltage -
:Average Ac Resistance -
[(12-2)
fptma)
20l
15
Aly < 10
sk
(] Dfl 012 GIJ 014 as 0!6. O.I'; D.IB 0.‘9 : Vp (V)
—
A
(12-2)
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P, & P,

av

A.ACR

Ay,

d1p top,

:Threshold voltage

on

:Ifmax -

=T —

-4-2

( )
c-24
S

:(13-2)
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< 7
A i 4 C
P 4 N
= + ! —_— o
r II S —W Cr
a
(a) " (b)
i
ll
Reverse-bias (Cy) 7
7/
L4 /
ST
P
Fo;mq-hia.s (Cp)
V) 25 20 -5 -10 -5 0 025 05
() :(b) (a) (13-2)
Transition Capacitor
1Cr <= TR Cr
/Varactor/
Diffusion capacitor
op
= C
> ov, v
.(b-13-2)

(a-13-2
~5-2



1 (14-2)

Ve T:>+P =V I, T= T T= Break bounding = e and h free TT=1, TT—‘
() -2

v
Ve TT:>EJ M™M= Energy e and h M= Breackbording=>e and h free=1, TT"

:Avalanche Breakdown -1-2
( )
2 (14-2)
:Tunnel Breakdown -2-2
3 (14-2)
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e ERIIIEIE TR IEY .
P . . :
S VA R =) R
| 1 1 1

78

=

Imax I min

(14-2)

(2)




-6-2
(7-2)
Ideal Circuit -1
VD>O
Vb Vy
(15-2)
.on, off
4 Ip Ideal diode
+ —
_;;" Ideal diode
D=on Rp=0
M D=0l Rp= o =&
( ) (15-2)
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:Simplified Circuit -2
Vo>V, V,
Vp<V, (1-2)
<
-2) 0=
= (16
VV
I Siumplified Circwt for Si.
+ Vp -
=00 V,=0.7V
el
L XA AL
( ) (16-2)
. Linear Equivalent Circuit -3
Vay Rr -
VV
Vay
Rp -
-2)
(17
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Ideal characteristics

m\

—_—
ID
-20V \

/ ~_| 07V \ Vo
o—C o—0 N

-

I, =0mA

Actual characteristics

5

+ Vo -

v, eal diode

N ) (17-2)
:DC Analyze -7-2
:Dc load- lie Operating Point -1-7-2
R (a-18-2)
+E-V,~Vy=0=E=V,+V,
= E=V,+1,R (12-2)
ID ’ VD
(b-18-2)
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Ip

_’Ir Characteristics (device)
3 v g % () —~
+__ ( + fng ______ (Q-point

E— R Vy __—— Load line (network)

i IR
- () 5 I:}, E(B)
¢ (b)
.(b) (a) (18-2)
1) First Point is Vp=0=1, _E A(O,Ej
R, . R

2) Second pointis I,=0=V,= E|[D:0 = B(E,o)

B=(E0)
[o,ﬁj iy
R
.R

Volo)

Slop = 1/R

R E =Vp+IpR E

- E>E,

R

-2-7-2
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E (19-2)
E=Vp+IpR R )
R= variable E=ct
R<R1 -
]D1:£<]D:£ & V,=E=ct =
; R
102:£>1D:£ & VD:E <:R>R2
2
(VD:E, IDZO)
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R— R L= R

1
— >0 R0
R

(a -21-2) E

~E=V,+I,R :

Vp=E, Ve =0, Ip =0 <
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1- VD:0:>ID:% A(O,ij

R
2-1,=0=V,=-E B(—E,O)
(b -21-2)
Zener R E
ow,.1,)
Si
+
E= R
v

(a)
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@ —AANN—
Ip
+ R l’ 1

E = D VY Si
A (’J@_ V=E, Sinwt
']

(b)

T

F

AC | V=E_ Sinwt

(a) (22-2)
.(b)
Ac E (a-22-2)
V.= E,Sinwt

(12-2) ALs AV

(b-22-2)

J—! (14-2)
R+R,
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Vmax E m*
R+R,

E+V =I(R+R,)=1I~= E+V _ E+V, Sinwt

R+R.  R+R,

V,=1IR : R

(23-2)

(23-2)
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| r
F b d
4
(23-2)
-10-2
( ) (24-2)
Ohmmeter
(Ohmmeter)
Relatively low R Relatively high R
Red lead Black lead Black lead Red lead
(V) 1 1 (COM) (COM) l l (v
(24-2)
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Diode Application

-1-3

-2-3



-Imax

Lzmin -~ Lzmax Vz
Pz
P7=V 2 zimax
(1-3)

0 *e (@ "o ®

oo

(1-3)
() (a)

(2-3)
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T SV, D Vg, [R2

off e
+
I on
—rz = + "
- I » 07IvVE +I
- ") = Zo7v
47
v, Ve \ J_/u v
i H - ==J10pA=l; V,
ffmmmmmmmm s m =] 025 mA = Iy
——————————————————————— Ip=125mA
S, AV
BT S R—— Iy =32mA
- (2-3)
-1
4 ID

A Y

- (3-3)
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(2-6 [V]) (1.8 —=200)V
7V
- (3-3)

.(4-3)

V7, I -1

. ﬂZmin' IZmax) -2

-PZmax = VZ- IZmax -3
—_— R

NN *
LT, 1= ||

AV,

Vi

S, % =—2% (1-3)
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R -6

Iz == Ix & R>>1 -

IZmin = [R - ILmax IZmin>>IZ

]Lmin :IR - IZmax

-RLmax = VZ /ILmin :

]Zmax<<]Z < IR <= ]>>R -
—
ILmax :LZ VZ (2_3)
RL RLmin
RLmin = & = R VZ (3_3)
IL Vz - Vz
-Rmin<R<Rmax R
( )
, Vi=const R;= const -1:
V.= const R;=Variable, -2
Vi = variabl R; = const -3
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Vz S

=220 volt
L= SmA 2 1, =65 mA V:=300v
R -1
IL:]5 mA
V; ‘R=2kQ -2
I;=15 mA [0.5 > 65]mV
I Vi=340 volt -3
R=15K-2 R;
Il'z IL+ ]Z —1

Iimaxz IZmax + IL = IZ = IZmax

Iimin = ]Zmin + IL

= Limax = Lzmax + 1= 65 + 15 =80 mA

V=V, 300-220

min = I k‘Q
1 80

=R

imax
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Liin =1 1, =5+15=20mA
SR = vi-v, _300-220 _ .
Iimin 20
(3) (@
Clippers Diodes -3-3
( )
( )
On
off
-1-3-3
(-5-3)
(Vi=VSin(wt) )
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P— —
( -5-3)
Vo=V,
Izloz%:%”sinwt (1-3)
on ()
N ¢ ° ¥
v, —; R V=
(5-3)
(_
off
(6-3) I,=0=V,=I,R=0:
off
Y.
H i - ? + v,
Iﬂ — l" R
v; =V, sin or B +
(6-3)
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(7-3)

(1)
Vi>0=D=on=V,=0

(1) (2)

(7-3) =0

(8-3)
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-1
V:>0 = D=off = V,=V;
o——AAA, ° "
+ R + Va
v . 0 .
o °
v
(8-3)
Vi<O0=D=o0on=V,=0": )
]:E:&Sinwt 2(1-3)
R R
-2-3-3
( )V,
E .V,
(9-3)
Vo=ftvy) Vo=1(1)
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I~
~

y,
(9-3)
E -1
E D=on
) > Py
Vi (
E
Vi>0=Twocases :a—V,<E=E =D=on=Vo=F
b-V:>E =V, = D=off = Vo =Vi
Vi<o = D=on =V,=E ( ) : -
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1(10-3) Vo=f(V)
V,4
E
1
I
I -
E Z
(10-3)
VJ’
VJ’
E
-3-3-3
E
(11-3) (E)
(11-3)

101



Vi> 0 = D=off =Vy=V; : -1

V; <0 = Two cases: : -2

a-|\Vii<E=D=off =V,=V,

b- Vi >E = D=on =V,=-E

~4-3-3

(12-3)

V>0 =D =on =>V,=-E

V<o = a-/V/</E/ =>D=on =V,=-E

b-/Vy/>/E/ =D =off =V,=V,
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A
Vi
’
of IUJT Y
Ieycle bt

Vi = Vi sin

(13-3)

V> 0= a- V<E = D=off = V,=Vi
b- Vi>E= D=on=V,=F
Vi<o=D=off =2V,=V, : -

o
o A A4 -0
+ R +
v, vy, 0
E

<
<
-~

¢l
+—
o |
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-5-3-3

_3)

(-14
Vo=f@) Vo=f(Vy)

Vi>o = D,=off

V,<V, =DI=off, Dy=off = V,=V,
V> V]:)D]:OI’Z,DZZOJ(JT:)VOZVJ

Vi< 0:>D1 ZOff
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(

105

Vil < |Vo| = D; =off and D, = off =V, =V;

|Vi| > V3| =D;=offand D; =on =>V,=-V,

-15-3) v, Z
o S
> >
'
- |-13

(15-3)

-4-3



‘Half- wave Rectification : 1-4-3

(6-3) (5-3)

- +)=D=on=V,=V;

22 )=D=off V,=0

-3)
< (16

Vie=0WV

- — - le.‘ = 0.3131‘:”

ﬂ --—T—.—I J

(16-3)
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:Full — wave Rectification : -2-4-3

D,
1:2

F g .
Vi Vi
= ‘vfr. /\ L
iT - Vo + ) % T
Vi
— Pl

D,

(17-3)
-1
(17-3)
( )
Vi Vip =V Sin (wt )

Vo) 1o(1)
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( -18-3) D, D,

Vi>0=V,=V,>0,V,=V;<0=D;,=on & D, =off

R
R
Vo=V
A, =V;/R
v ¥V,
V. Ve
0 T I 0 T f
2 2

Vi<O0=V,=V<0&, V,=V>0 = D, =off & D, =on

Vv, = R D,
-18-3) v,
A, =VyJR : (
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( -18-3)
Vo = 0.636 V,,

Vi=V, sin wt
Vi (19-3)

[+

Vi
h”m
T ,T r Y
2
1 cycle r-i— l

=V, sin o

109



1- V,> 0 =D, &D4: Off& Dy, D;=on

v, =V, (1-20-3)
A=V,/R :
2- Vl <0 :)DI & D4 =on, D2 & D3 ZOff (2—20—3)
.VO: 'Vm
I=-V,/R

(1)

ALl sl (2) s sal) Amsill(1) ¢ (20-3)

(1)
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(2)
( )
~3-4-3
C R
(21-3)
vy i + H — 1 _T_
Vnr
of L R R :: G
—_— I:::.V:—-l— _ _
v = WV sinow e
1-3)
(16-3)
D = on I =0
yTeh = RfC Rf
(22-3)
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AV,
Vo b __
e o 0315,
t] Itg . ‘ tj !| t4 . t >
< T >
(22-3)
Ry -
C )
%95
( )
) D
D= off (
.R D
R Tdesch™ R.C
13 H — 13

on

.(22-3)

« Tdes
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-3) R

.23

:Clamping Circuits : -5-3

dc
—=R.C
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.D = off :
D=on 7=R:C
(1-24-3)
R
(2-24-3)
C
Il
o o
n +
Vi @ R Yo
o— )| 4 s ©
v (2) Yo : :
) pe i
0 T T 1t
2
0 T T 1
2
V--- 1 2v
(24-3)
:()

1- V;>0 = for the Interval 0—T/2 = D =on
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@

I
+ I _?_
Vv
+ (o)
vV = R A
_-- o
? o °
(25-3)
Vi
Ve=-V, D
()
2' Vl <0 Vout: Vi+Vc = Vout = Vl 'Vi :0
= 12
Tdech = Re>>T/2 R
.(26-3)
Vi=V.
Vout = 'Vi _Vc = -2V, .
(3-24-3) N7z
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+ 0

o

0|

(26-3)

( ) off

Tdes
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(27-3) : (1

c X

i~

- _ _ l
o ° 0 1
(27-3)
(2
(28-3)

1
-
+ 0o

vi i R % 2V
0 %‘ T Vl -l-
. - - Vi
L (o T- . ° Ol ?

(28-3)
:Logic Gates -6-3
( )
.(on- off) ( - )
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‘OR -1-6-3

(29-3) OR
1 D, D, A,B
B=A4= 0[V] 0 B=A =10[V]
llogic = 10 [V] or 0 logic = R
0[V]
Si
(1) E=10 V?—E—
Si
) ove ;l oV,
R g 1kQ
.OR (29-3-)
< ( )B A 1
R 1
1 Vo= LR
D, = 0
Vo=IL.R= 0 logic < R D;= off
.OR
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Input (4) | Input (B) D, D; Output=V,
0 0 off off V=20
0 1 off on Vo=1
1 0 on off 1
1 1 on on 1
:AND -2-6-3
D,, D, (30-3)
E= AorB R
A0[V]
.(0 ,E) B & A
A= B=1logic =10 [V] A= B=0logic =0 [V]

1) Si

Ey =10 Vo—i—

©) Si

E,=0V o—|—¢+——v,
2 D,
RS1kQ
+
E=—10V
AND (30-3)
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(A) (B) D, D, Out Vy
0 0 on On 0 logic = 0 volt
0 1 on off 0
1 0 off On 0
1 1 off off llogic = 10v
< ( ) D, D,
Vo=0[V]
B=A=0orBord=0=V,;,=0 .(31-3)
10 [V]
D; =D, = off A= B= llogic=10 [V]

Adlogic =V = E = 10[V]

. AND
o
%)) — +
+ o= — O
E,— 10V
= RS1KkQ
()]
+
/ EE 10V
AND (31-3)
( )
VJ’
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-7-3

:Light Diodes -1-7-3
( )

“Photo Diodes -1-

N )
—
<
( ) ( )
(32-3)

(32-3)
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Photo conductive (photo resistive Devic) -2-

‘cells
—
.(33-3) =
A
(33-3)
:(Light Emitting Diodes= LED) -1 -
( )
.(34-3)
( )
( )
(1)
Si and
) ( ) Ge
.Ga As (
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Emitted visible
/thI

etal ‘\) \\ Metal
contact contact

(34-3)
(34-3) )

:Infra Red Diodes

. (35-3)
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(1)

(2-3)

2)

.(36-3) -

Computer control
‘ 5V 5V5V 5V 5V ‘

ST AF

p—
o [}

g

5 (36-3)

.(37-3) _

IR -
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EXIT

Limit to low mA

EE&A /
+-.——{)q———l\nuﬁr———J

2
R )
120V ac
. N
L All red LEDs
(37-3)
:Laser Diode -3-
LED
.(38-3)
100% Reflective 99% Reflective
Mirror Mirror
p
N\ —
:/’W\ﬁ:k

(38-3)
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Laser

Light Amplification by Stimulated Emission of Radiation

( )
)
(
: Tunnel Diode -2-7-3
100 PN
1/100
( ) Ip
) Y,
( (39-3)
) Iy
(
.(39-3)
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((39-3)

(40-3)

:((40-3) 1 )
A Iy (mA)
'7 —
6 —
Tp '5 Negative-
resistance
— region
4 R
3
2

Superimposed semiconductor

Iy ey i i\ #/—  diode characteristic
1
G S 1 -
o] T 02 04 0.6 0.8 1 Vr
v f
P Ve

(39-3)

Switching circuits

.((40-3) 2 )
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-3
3 ( )
(40-3)
Ir
a
Load line
Vr
(40-3)
( )

-3-7-3
-1
-2
-3

(40-3)
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:Varactor -4-7-3

(41-3)
(Varactor)
( )

( )
CT(VR):(1+|Z(3)VT JE 3-3)

C(0)

173 12 n

Vi

3-2 Vr

}CEP
- _co

N N IR N [ S -
0l -2 -4 -6 -8 -10-12-14 Ve (V)
(Vi = applied reverse bias)

(41-3)
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-8-3

. V=10Sin(wt) Vo =f(V) Vo=[(0)

R]ZIK.Q
D D
@ TOT (v
4V 4
1T~ T
(1)5_0
Vo [7 (2) 2
.Ri=1KQ .R;=0,5 KQ
I=(2 4)mA
R]ZIK.Q
A VA VA VAN
_ R |y
v=10T V=4 ?
(2)3)
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.D; D,

?15V

Vo=fW) Vo=1@) 4
Vi=10Sin(wt)

Vo
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BJT /

_4-

Bipolar Junction Transistor, B.J.T

132



BJT

133

-4-

Bipolar Junction Transistor, B.J.T

1947

~1-4



BJT /

(1-4)

Transistor

Resistor Transfer

:Unipolar Transistor -1
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BJT /

UJ T = Uni-Junction Transistor

‘Bipolar Junction Transistor -2
( )
BJT
BJIT -2-4
BJIT -1-2-4
(2-4) .PNP NPN
N\ | 1 1 1
N V[ E ‘ C
—e p n P — —e n n
L (
o1
PARCAN Z
Fo &J o (" r Vf
JEB\"‘—jCB B
" pnpanen (2-4)
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BJT /

(Emiter) : -
E

.B (Base)

C Collector

JEB or JE
-JCB or JC
(2-4)
P ( )
N
.PNP NPN
-2-2-4
( )
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BJT /

J(Common Base) C.B -

(3-4)

.(—CB) PNP (3-4)

J(Common Emitter) C.E -

(4-4)

J(Common Collector) C.C -

(5-4)
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BJT /

Ic
C
g n +
5 =V s
+ n -
Vas — ) * - :
-T E
-
.(CE) NPN (4-4)
Jo Jg
L
f}t E & E
Iy & - la, E
—— N B
B — Ve T
+ + o
Vs == . Vi 4
BE — Ic
- C 1’( 2‘
=
(CC) NPN (5-4)
-3-2-4
Jo  JE
Forward Active mode -1
Jo = off Jg =on
C E
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BJT /

‘Reverse Active mode -2
JC: JE = Off
on
“Saturation mode -3
(on) Jc Jg
B
:Cut — off- mode -4
Je=Jg =off
( )
Analysis Study -3-4
(Operation Study) -1-3-4
:(C.B)
Jo = off Jr = on
PNP NPN
VEE JE= on PN -1
N ( )
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BJT /

.(6-4)
+ Majority carriers
- —+
gl
— —
+/_|B
Depletion region
-+ | —
1 . —
Vir
.(CB) PNP Jep (6-4)
Vcc JCZOff NP -2
.(7-4)

+ Minority carriers

e . | 1}
Vee
.(CB) PNP s (7-4)
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BJT /

(C.B) ~2-3-4
:(8-4)
+ Majority carriers + Minority carriers
p n P
b c e
Depletion regions
*1 B
[y [1
" "
Vg Vee
PNP (8-4)
) C ) -1
(B « FE
Lop =71 (1-4)
Ig

vy Ve

Ien IEZIep+Ien
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BJT /

1 ]en:(l_y)IE

y=
Iep IE Ien
Jc ( )
Je -3
e —
x=—-(1 Ipc=yxl; :
IPE
(P)
Ip
]PB:(]_ZM/[E (2-4)
) 4
(M
le=MIp.=yxyMIg
Jc -5
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BJT /

Lo=yyMI;+1p,=al;+ 1y, (3-4)

a=yyM
Ie=f(ly)=al,

a
apc -
oy =1, /1, ~[0.95— 0.99]
,c 2ALTAL e -
-6
Ip=1-+1z (4-4)
(1)
I c = I Cmajority +1 C minority =al E
) 1(2)
( ) (
I,=(1-a)l, (5-4)
NPN ()

Vee, Vir
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BJT /

Base Width Modulation : - -3-3-4

Je=off Jr=on

— — — — — — ———————l
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BJT /

~4-4

(11-4)

145



BJT /

]m = f(Vin )|V,m,:ct
Iout = f(Vout )‘Iin=0t
Iout = f(lm )|V0u, =ct

Vin = f(VOUl‘ )‘Imzct

_1-4-4
Output Characteristics «( - )
Iy Ver Ic
(12-4)
Ie=f(Ve )|1E=ct
I.=al,+14,
Je Icpo

IJc:ICB():_Ico(eVC/VT_]) Mg
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BJT /

Vo /V
= lc=al;—Ic(e" " =1) (6-4)
Ve
Ve Ic
Ig
I (mA)
Active region (unshaded area)

7 = T mA

6 __(1) | 6 mA (4)

5 |— = 5 mA

2

4 §° 4 mA

3 _.g‘ (3) 3 mA

5 |E 5 i 2mA
Te=1mA

[ =

! ] ! lg=0mA
0
5 10 : 5L 20 Ve
Cutoff region - (2) $1rice HEEEE:
.CB NPN (12-4)
I.=al,=ct <« V=0 Ig=ct -
Ig Ic
Ic;=a Ig; 1= Ig;
Acr=a Ig; Ig= Ip;
(6-4) <= Iy=0 -

I, :_Ico(eVC/VT —1) =1,
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BJT /

PN

(12-4) Je

Ipy > Ig> Ig >0 -

(5-4)
) alg Iz=0
(6-4) ( e VeV Ve>>Vy
le=aly + 1, (7-4)
VCBmax VC
(12-4)
Jc Ve -
Ve ]
Vil = e " = Vo7 A
(7-4)
(12-4)
JE:JCZOI’Z . -1
Je
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BJT

IEZO JE:JCZOﬁ
Je=off  Jg=on
(7-4)
) Icpo
(
(
i AIC:AVc/I"C . AIC
Ve=Ves
CB
I.=al,+1.,+——
Tc
Ves
Je
PNP
.~Ves Ves

JInput (Base) Characteristics

Vs Ig

(8-4)

(1)

:(2)

~2-4-4

chch
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BJT /

I, = f(VBE)/VCBzct

Ves
(13-4) Ver
)
(
dv,
Fep :i/,, et =(70—>700)02
dIE CB
Ig (mA)
VC8= 20V
B B VC'B= IOV
? —
6 — VCB= 1 V
5 —
4 —
3 =
2 |
l —
[ . [ . .
0 02 04 06 08 10 vy (V)
.CB NPN (13-4)
.Common E (C.E) -5-4
-1-5-4
Io=1(y)
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BJT /

(14-4) Iy
) Vee=Vept+Vae
( Iepo
. =al,. +1 —VCB
I, =1.+1, and c=aly+ CBO+r
c
Ves Ve Ie Ig
Io=a(l, +1,)+ 1.4 +—&
e
o <
C C
IB n "B -
B p - Yee B H '—_+VCC
n y = P
Vag == T
88 ’E‘ - BB ; TE
[l:
. PNPs NPN (14-4)
Ve
=1, —a.=a,+1,,+—
e
a 1 V
= ]c = ]B + CBO =
-« -« r.(l1-a)

151



BJT /

p=—2%
-a
1
] — .
vp I-a
Ver
Io=ply+(1+ P cpgt ————
r.(l-a)
Lo =(1+ B )y -1
I
dVv
Fee =tc(l-a)= dICCE Ip=ct -2
Vs
Ie=plg+1c,+ P (9-4)
p
Poc=1c/1y -1
B ac /VCE=ct = Al /Al -2
(20 — 500) Yij
(15-4) PBac =P
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BJT /

Common-Emitter Static

.Output characteristics

Ve

I.= f(VCE)/IBzct

6
(Saturation region) 5

4

AL
Pag= U Al

Ppc=Ic1Ig 2

0

Ic

9 -4)

C.B
C.B

fc (mA)

~2-5-4

characteristics

C.E

.

/gﬂpA

- 80 pA

70 pA

o~

"]
e

—

_,.--GU'IJ.A

r-_SOpA

i
L—40pA

IRARRNN

Al

(APUFT region)

20 pA

10 pA

II iﬂ.= OuA

N

Vet

0

fero® Bleso

sl Celll Ay & NPN

\ 15 20 Ver (V)
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CE -1
CE JE
Ve Ve
]CB() <<ICE() -2
CE CB -3
_ Ve
Al = CE Fee 7e
Fee
(15-4) C.B
Ie 4
[BZO
(9-4)

Vg
Io=a(l.+1,)+1.,+—= (10-4)

Tece

IBZO IC (VCE/rcc)
( ) 1c=B Icpo
(15-4)
PNP
Ve Ver
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JInput (Base) characters -

Ve Is ()
VBE

I, = f(VBE)/VCE:ct
JE - (16-4)

I B VBE

Ta (UA) Vee=1V

100 Vep =10V

90 - Vep=20V
80—
70 I~
w_
50—
40 -
30
20—

10 -
[ L1 1|
o] 02 04 06 08 1.0 (v

sl Gelll day & NPN (16-4)

VCEmax . (1)
( )

((2)
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dVy,

v, = /, _
be dIB Vegp=ct
:Common Collector -6-4
-1-6-4
(17-4) ]Ezf(IB) :
. PNP & NPN
]
" E "t E
, | P Iy
F' n - V” B - V”
P n
Vs . Vas = :
I T
. PNPs NPN (17-4)
PNP
_ . =al I @
Ip=1c+ I c =g+l +
e
Ves Ve Ic I

I, -1, :aIE+ICBo+V£
e
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I, = ! IB+—1 ICBO+V¢
|-« |-« re(l-a)
VCE

r(l-a) (11-4)

IE:(1+IB)]B+(]+IB)]CBO+

= IE:y[B+ICE0+VCE
Fee
-1
I I, -1
. 7’:_E IE>>>]CEO y= - 1 -
B

[CEO :(]+ﬁ)ICBO -2

J; Vop =Te(1—a) -3
dV g

Yo =To(1—a) = T
E

p y=1+p :(1)
=5 p250 1B

- (2)
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~7-4
(18-4)

:Cut off Region -

o3V Cutoff { Icro Ve
Vee o region ( )
& sl el Ala (18-4)

:Saturation Region -

IC VCE ICZO = VCEIO

( ) I Cmax
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Vee=VeEsat

I Cmax — I Csat

:Break down Region -

Pmax: VCE-IC :
Ap
r — dVCE,sat
CE sat dlcsa[ 13=CT
Pmax = VCB . IC CB
Pmax: VCEIE c.C

:Active Region

Operating Point and

(19-4)

-8-4
:DC Load Line

NPN
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DC

Je Jc

(19-4)

Vg =V,
Vg =Vip + 1Ry, = 1 :%
B
V
VBE:O:IB:%

B

I,=0=V,=V,

B

.(20-4) (Iso » VBEQ) 0

.JCZOff
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Vee = Vee + 1cRc (13-4)

fn (UA) Vep =1V

V(-}.: - 20 v

U sy Vero)

v
VCE = 0 = ICsat = % (0: Icsat) -'A

Ic

onint (ICQ ’

()

= 0 = VCEcutojf = VCC (V cos 0) -B
B 4

Vo)
0 (21-4)
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P

VCE

=V xI.<P

VCE max

/ (Ieor Vero)

1
I. 8,
\,_.- Load line

N,
of \M'ﬂ-umff: Voo Ver
le=0mA N
(21-4)
-1
( )
VCE = VCEsert
(0.1 0.4 )volt
I ~ &
* * Csat
RC
A Ic
Iy =1y = -2
I.=pl,=0 JBE cut — off
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(Vee ) B
Vee =Veemae =Vee & 1c=1 Ceut—off = 0
-3
Active Region
. VCE = VCEQ IC = ICQ .
Ver [volt] Ic [mA]
Je JE
Ver = VCEcut—oﬁ’ =Vee | Ic=1 Ceut—off — 0
VCEsat <VCEQ <VCC ]Ccut <[CQ <ICsat
~ _ VCC
Ver = Vegsa =0 lew = 7
C
-1-8-4
I -
IB IB
(22-4)

163




BJT /

Vee -
]Csat
Veer VeeaVees
V
ICsatl = ﬂ>leal2 >ICsat3
c
¥y Ic
131
~ .
v
Iy ns (22-4) €« <
(23-4) Iy
Vee I Rc -
(Vee=Vec )
Rc IB
R,)R,)R,
:(24-4)
V V V
I sat :i<1 sat :l<1 sat :i
Csat 3 R3 Csat 2 R2 Csat 1 Rl
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v
R iy (24-4) cc CE

:Ac-load line Analysis : -9-4
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(-25-4)

Vee =Veg + Ic(RLRE)

1/( :
(26-4) R +Rg)
R ( -25-4)
Vee=Veg + Ic.R :
.(26-4) 1/R;
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I/R)I/(R,+R,)

c
1
I.= = C‘; R, , AC-Load Line
_l’_
L &
\X;& +Ry , DC-Load Line
d co VCEQ)
cQ Q-poil‘ll 1 BQ
VCE = 0 V —

oSl Jaall ity oS Jaall B e S (26-4)
~10-4

Teq:TJ+TC+Ths+
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!
(27-4)
) (27-4)
(
( )
( )
Jer
Jer
Liw - 1 =V, T
- = —
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Ve
2 x|V
d 2 r | CE | (14_4)
qg N,
E, = &yE,
N, £,
Vee=Var
d=w
gN o
Vi =— 15-4
= 2g,¢, (15-4)
.DC. Biasing-BJT -11-4
( )
Q(ICQ; VCQ JE JC
.Base Bias -1-11-4
Vee Rp Vag -
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.(28-4) Jo - Re

,
| t"d; M
£

Vss 0 Ifl
(28_4)
JBE Vs
Ve — Ve —1pRp = 0
:>VBB:VBE+IBRB:>]B:VBBR;V” (16-4)
B
Jsc Vee

Vee=Veg—IcRe = 0 = Vee=VeptlcRe

%

VCE :0:> IC _]Csat = IQCC ’ (0 ]Cvat)
c

Ic :0:>VCE VCEsat V . (v cc? 0)

Ve =0.7v Voo =10v V. =07v  Vy=1Iv :
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2Voltage Divider Bias

RLR; Vee
B
-RC VCC JC
.(29-4)
Vec
‘i
R~ D
R, 3
< —ll—o Vo
C
wo—i| L -
Ry
b2
(29-4)
(30-4)
R
Ve=Vy = —— cc
R, +R,
R, .R
RB :RTh :Rl//RZ Zﬁ

~2-11-4
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i —

(30-4)

Vee=Vee tIcRe = Vg = Vee - IcRc

Ip

(31-4) R:
Ve Ie I

Vin = IgRpy, + Ve + IgRg
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[E :(]"‘ﬂ)IB
— VTh _VBE
B
Ry, +Ry(1+ )
Rg R.=R.(1+p)
VBE = (0.7 volt . RE
VBE = (0.3 volt
Vee
Re
R
T—
vio 1\ I) C2
i "
G
Ry
Rg
(31-4)
IC :/BIB . Ic
I.=ply : Vee=RelctVeptRelg : Ve
I=1,+1,=1cip, =(ﬂ+ljfc
B B
+ 1
VCE VCC Rc[c _[IBIB jREIC VCE
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[>50

ﬂ>>]:>%;]:>VCE =Vee (R + Ry )1

B
Rg
( ) -2
(-32-4)
Je Vee Rp
Jg Rz
( -32-4)
Ip
( -32-4)
Vee — 1R — Ve =0
[ A A A
RB
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output
signal
ac
input © )
signal C
(-32-4)
( -32-4)
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RE RE
-4)
(33
pre
P — e
C

(- ) ~3-11-4

(-34-4)

Rp Ip
B
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AAA 13 o Vo
RB’ ‘ "-‘ C'!
l Ip + _
vio | Ii Ver
C, -
e
R
(-34-4)

Vee =IcRe = 1Ry =V — 1Ry =0

I. 1l =>1.=1.=pl;:

Vee=PIsRe —13Ry —Vip = IR, =0

I = VCC_VBE
B
R, +P(R-+R,)

( -34-4)

IRy +Vep +IcR. —Vee =0
I.(R.+R,)+V =V =0

-34
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Vee = Vee- Ic (RetRg) -

= V

Vee = cC

il

Emitter Bias -4-11-4
(35-4)

Ip
Vep — Ve = IgRp + IgRE

1. =1, +1.=1,+pl,=(1+p)],

VEE _VBE :]BRB +RE(1+IB)]B
I = Ve = Ve
" R, +R,(I+p)
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Ve = 0.3 volt Ve = 0.7 volt -
I.=p1, Ic
Vee

Vee + Vee = Rele + Vg + Relg

Vee = Vee + Veep— Rele — IgRg

(35-4)
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AC
-1-5

-2-5
-1-2-5

(1-5) -

V., volt
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Vee

Olco.Verg)
]BQ
ICQ Zﬂ]BQ
)
(

Re )
C,
A Vo
Rg

(1-5)
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Ac. Load line

(2-5)

Av2
Aeq = Avl . sz . AV3 . Av4 ....... Avn
Yo=Y, iv”:: Yy

+ o——— —:—L P—==
/ / !

V; Avl A‘;z Av3 :
e B o B 5
L=4, % % 2o, %y Z Z,
(2-5)
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Switch (on ,off) :

(on)

VBETZ>JBE=OI’!:>]BTT:>]Cz[ and

Csat

on

Vi V0=, =off = 1, Wr0=1,.=1,,,=

on )
v
I Csat — RC <
C
1
. ] Csat
B>_Bdc
V V
Rsat = — Rcutoﬁ” = <
ICsat [CBO

-2-2-5
(off )
C )
-1
VCE = VCEmin ~ 0
-2

I.,.=0andV. =V,

off

(4-5)

Goff
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=
"“
—
-
.
.
-
a

(5-5)

Vi=0:>1}3zO(JEB:Ofy):>lczﬂlﬂzO(JCEZOff):> -1
= VCE = VCC = Vout = VCE

Vz‘:V:>]BiO(JEBZOH):[C:ﬂ]BleSat(JCEZOH): -2

=>Vep =Vegs 20>V, =0

out

VC(;:SV

SV S5V

Ry

ov 68 kQ

Ve
hpp =125  —t—
ov

-~y
-y

(5-5)
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(5-5)

(V;=Vee=V,u=0)

C )
(Vl:0:>V0Mt: CC)
(Not )
Vi Vou
0 logic =0v 1 logic =V, v
1 logic =5v 0 logic =0v
(6-5)
:[0,t;] -1
WV, <0=J, =off > [, W~0=>1. =1,
VaEe Ny -2
ICsat IC IB
v, T= Jpp =on=1, T= I.~1.,
t, ty 0.11. <0

ICsat: 0 9 ICmax

tOI’l

.(6-5) toy =1t +1; :
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Transistor “on" Transistor "of "

| }

At
o] ¢ ot !
JBE Vi 5 -3
Ip ( )
Ic
Ic
Wy <0, =off W1, 201, =1,
0.9 1.0x
0.1 1,4 t
Lofy I
.(6-5) tyy =t + 1 -
:(Logic Circuits) -3-2-5
Not ) (on ,off)
S5volt 0Ov ((5-5)
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-5)

0 logic =

©0.1)
.5,10,12 volt

©. 02)
B&A

.1 logic = 5 volt

Veco 3V

Q,

AND (7-5)

(on)

(off)

1 volt
:AND -

(7

0v
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N Input (4) Input (B) 0O 0> Output V)
1 0 logic 0 logic off off 0
2 0 off On 0
3 1 On off 0
4 1 On On 1 logic=5v
0,=0,= <B4 0 logic = Ov (1)
off
Vy= Rg Sv
.0 logic  Ov
0, O of :(3) (@)
.Ovolt
1 logic (4)
vo=35v on
2NAND -
(8-5)

on

1 logic =

Sv
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Veeo 5Y
E% [=A-B
9
\ R AVo
' 10 k€
Q)
R,
i
10 k{1
1 o>
NAND (8-5)
N Input (4) Input (B) T, T, Output V)
1 0 logic 0 logic off off 1
2 0 1 off On 1
3 1 0 On off 1
4 1 1 On On 0 logic =0v
0
1 logic 5v
off
Q] = Qg = on

- Vour = 0 volt = 0 logic
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:NOR -

.(9-5)

Sv

.NOR (9-5)
N Input (A) Input (B) T, T, Output V,
1 0 logic 0 logic off | Off 1 =5v
2 0 1 off On 0=0v
3 1 0 On off 0
4 1 1 On On 0

on

1 logiq = R —

Vour = v

:OR -

(10-5)
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.(10-5)

VL-C'[ 5V

A R, B R,
10kQ 10 k0 éfrmh
Q[ 91 = low

o C=A+B
R 3.3k
.OR (10-3)
: XOR
XOR
.BJIT
(11-5)
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1 L
Eo—2 \Q / — ocC
v Vo
Input Qutput
B o OB
(11-5)
The Z transistor Model . Z -1
The Y transistor Model .Y -2
The re Transistor Model ( re ) -3
The H transistor Model . : H -4
Z 1-3-5
( )
Z (12-5)
( )
:(1-5)
Vi=Zi i tZ52 1,
V,=2Z 1, +Zy1, (1-5)
Zi
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[ ]
Z (12-5)
VO
Z, = ]_ Iy=20
ir,=0
L
VO
Zzz = [_
011,=0
The Y transistor model :Y -2-3-5
)
(
(13-5)
L =Y, VitY;, V,
L, =Y, Vi+ YV, (2-5)
Ii
: Yu _7
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N N
g SNONONE S
VoY, VY,
® ®
Y (13-5)
Iz'
Y, = 7
o \Vi=o
10
Y, = 7
i [Vo=o
]0
Y, = 7
o Vi=o
VA
Y
Y ~Z
The Hyperd Equivalent model : H -3-3-5
V4
(14-5) Y
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(14-5)

:(3-5)
Vi = hi]i + hr Vo
L=hl;+h,V, (3-5)

hel,
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h =2
I/" li=o
(15-5)
Vs
Vs
R
+
§gf_ ..
I, g
+
v, |y .
Lh,
o
H (15-5)
4,=re 1
v
V
v, —le
A, v
1
A =-—"-3
4

199



Z; Ry ‘R, :Z -4
]1
A
10 Vs=o0
R, =0
Zy
) e :(1)
(16-5) (
I
—~eaff—
O
C
+
Vce
I,
i
O
C
hDG
+
Vee
(16-5)
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(17-5)
1‘ ;C
—_— —~—
o o
E C
+ +
Veo Lb* _ Vo
B
le h‘b !c
< ‘M‘r . 2 O
e +| | c
he I,

hob

b
H (17-5)
e b :(3)
b e
-1-3-3-5
Avs ,R,’,
hi, h,, hyand hy Ry ,A; and A,

201



(15-5)

( ) R, -1
Z R A -2
Zy Ro A, -3
(3-5)
R =R, (15-5)
I
Vo . AI = [—o -

V():-I()RL: I()

I,=hd,+h(-1,R)=1,(1+hR,)=h1I,

h 4-5
oy M (4-5)
I, I+hR,
R; I; hy
A/h,
Vs
(3—5) Z, 252
Ii

I;

Z, :ﬁ:hl +h L (5-5)
1 l
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V,=-I,R, :

I
Z,=h~hR, =7, =h~hAR,

1

A;
(4-5)
h,.h R
L
=n —————- 6-5
" I+R, ., (6-3)
A, -
R ¥} (7-5)
v. I.R R
Ve =0 Zy = Ry
0 < R,
1 1
= =_2 =h —l—|—h
go Ro Vo ! Vo
I,(h,+R)=-hV, Vi
Gi___h,
V,  h +R, &0
h
i—hf —+h, >R, = /
R, h; + Ry —h;.h,
+h,
h. +R,
:(8-5)
h.+R
Ry=— =7, (8-5)
hy(h,+ R )—h,.h,
:(1)

R,
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Rg
( -18-5)
( -18-5)
5
—_— b [
:— o
L1 — t

o |

(18-5)
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-2
_5) Zb Zi =RB //Zb .
(18
Zb :ﬂre +(ﬂ+])RE :>Zb Eﬂ(re +RE)
= Z, = PR, (9-5)
-3
Z.
A = Lo _ PR or A =-4,— (10-5)
I, R,+Z, R,
-4
v, PR R
4, ="2=-"C=-——C| 11-5
oz R (=
R:, R, Zy, Z: :(2)
.The r, Transistor Model re -4-3-5
( )
[Ic :,BIB]
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re
Ve
T
re (19-5)
1=,
 —
L=1, I,
o
Ee °oC
Z, \-J 4/_“ '
[ F,
B 7]
1, =-.
e
1, 1. I.=al,
E $L_ ——d oC > 1=,
— | pe .
V ! le f I:=ufc V Z;:OQ R, V,
Te (19-5)
(19-5)

:Input Impedance Z,
50 Q

BJT
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Vv, 26 my

Z =I—;=re = . =al, (12-5)
:Output Impedance Zy -2
I1=0
I.=0
14
Z, ="tz [Q] ( )
10
. Voltage gain -3
g Vo LR LR _alR R (13-5)
v. 1,Z, Ir, I, re
IO _IC
4, = [—l = I =-a~-I :Current Gain -4
re
re (20-5)
r = 26[MV][Q]
Ib
I=1.+1,=p1,+1,=(p+DI,=pl, =1,
ZOZOO
¥, =00
vi Vbe .
Z,=—=—"2=pr, :Input Impedance Z; -1
I 1,
V IR, R .
A =—0=_T0oL L . Voltage gain -2
LT 1.Z re S

207
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4 ="="=p :Current Gain -3
I, 1,
[
== ¢
-
~ o ¢ J'rl=-]r
| | ]
+ le=pl '; 1.=Bl *
In iy <= /
ho———3 e + 'V. Z,%000) b
! ¥ Vie EE Te -
7, (20-5)
BIT -5-3-5
h, -1
h =0=hV ~0
]/h() h() -2

208



hyl; v,

— — —

[
Q|

]
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Vx Tx =C8 > ; 8 Va
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BJT -4-5

(24-5)
C B E
(24-5)
-5-5
Jsk Ohmmeter L)
(24-5)
Jpc
%%g wmﬁ*q
— R AR
c (ca.sc
p c
C . s @ .D €
LowR HighR
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Q Q
+ Y +/:[_\i &
\_’ . :
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. ’Zi ’ZO ’A[ ’Av

(25-5)

Vec

+ 01'
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=
o

—_—
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—

V4

V; ' R| R‘_’ ﬁf“ ; ﬂIb o RC '
-

= e e Z,,
[, * . O * O O

I —— I

. A

(1) (25-5)
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(26-5) 1(2)
Ly Ly, 2y, Ay, A,
(26-5)
I
— b c
by +
, "' B1i, 1' )
— = <
v, &g ’ $Rc v '
¢J,=(,B+ 1,
2) (26-5)
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Field Effect Transistor
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Field Effect Transistor [ ]
-1-6
( )
1952
1962
-2-6

(Unipolar transistor)
(Majority Carriers)
(P-channel ) P

.(n-channel)n

. JFET
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Field Effect Transistor,
FET

/—/R

sl 4l 5l 53 ) s 35 1)
33 JA s il ) s 33 3 Junction FET (JFET)
(mall 2usY)

Metal Oxide Semiconductor Field
Effect Transistor, M.O.S.F.E.T \Va N/
A P- i

\/ \/ P-channel n-Channel
Depletion Type Enhancement Type
P - N- P- N-

MOSFET=IG-FET

‘MOSFET-E -1
.MOS
P N
‘MOSFET-D -2
P N
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:(JFET) -3-6

-1-3-6
JFET JFET -
P N
P N N P
)
PN (
(1-6)
N P -
:Source -1

BJT S
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Drain -2

D
.BJT
-3
P N
Ap (D) (S)

(2-6)

P JFET(P) N JFET(N)
:Gate -4

B3 G
R = q./ui.d.w

q -

L

n

w,ld

[
d Wln,q
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6 Drain {D)
Ohmic
contacts n-channel
\ T
Gate (G)
Depletion Depletion
region l region
Source (5)
(2-6)
d
dt= Ry S
dl= Ry T = I, 4
. VGS p_n
Vop=Vbps
) VGS
Ip

Vps
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pn D
G D
D
D
(3-6) S
. VDD n
| l
oD v +
Depletion rni-channel
region \
D
-+
I,
V, —E th ‘ b
DS G
+ % Vbs
Vos
Vos=0V _ -

N

- 1y | I -
Vop JFET (3-6)
‘ID VDS
( )
(4-6) d=0
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-
. VDD:Vp JFET (4_6)
Vp Vbso
Alp =0
Ip=1Ipss ( )
Vps
Vps
.(5-6)
VGS=0
.2
) Vas -2
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.D«S Ip

VDS7\:>ID7\ :> e APEN| L}‘A
Aphadl) sLisl) A glia Aams Apdad B0l ) Al 3 T oYk gy 3L

i !

. ~...... 5?
it sl e

i )]

gl L s /b Blas i d|

oaday il ki Ay Ll

VDS (5—6)

(JFET-N) = n
Ves| T2 6 T=d =R, T= 1,4

Vas : -3

Vs V= 6d=d T=> R, =1, 7T

Ip
( Ip )
()

(6
S D Vop -1
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sl a5 A SV el gall e il S5 D o Iy s L e -2

Jadl b 4iad D il o e s Vg il dgal) ok -3
[0—)Vgs]

Vos
-0 -
S
-

Voo JFET -P (6-6)
(2)
.Common Source (C.S) -1
.Common Drain (C.D) -2
.Common Gate (C.G) -3
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T Rg
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D,
Vp=0.2v, V=25 mv, V,=9.2v
I I, & I
Ii: IZ; & IL
.D
E=8v

V= 2.5mv, V= 0.2, I, I, I

[L: 0: VZ
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-] =+ _ 2
B R SRR FTI
I
L I = I,=I= 100mA= 0.14
E=|20v
< E>UZ
D U,=92V
Vp=0.2V
Vz-Va
=1= Py
== 22702 % _ o _ 30mA
0.3 —
iad
E-V,=1I; R,
o092 108 13

= 1I,=I- I,= (54- 30)= 24mA

I\= 10(9% — 1) = Io=Ip[(e""" — 1)]"
= 1p=30*10°/("*"""-1)~ 0.01006 A4
=1, 10.06mA

-.IZ IL E=8V
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E<V,

IZ: 0
7
IDSSZZWIA, VP:-Z v, Iy =]12KQ
1
Ip, Vs, Vg, Vaos , 1 2
'VDS 3
VDD:24 v
Rp < 4K
_|C _|—{C|—
Vi R 10M RL% Vo
Rsd 2K
N J-FET . -
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S p Vs, Ve, Vas , 1
R; 7\7\7\:)](;’E 0
VG: IgRg+IDRS: 0 +1DRS: VS = VGS: Vg- VS: 0

VRS)Z = Iy=Irss = 2mA

:)IA:IASS(]'V_,LB

VDD:24V
= VG = VS:ID RS:2IDSS =2x2=4V
Rp 4K

2dss _ 2e2

Vp 254

Ibs  —2lAss ( Vgs)

1
M= tvp Vp Z

Rg 10M
R¢Q 2K
= Gp*Rp=2*12=24
Vps= Vpp- Ip(RptRs)
= Vps= 24-Ipss(RsTRp)
=24-2(6)= 24-12= 12V

L 1_-0.166
Rz+Rd B

VBE:0;3V , 5255 .
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IB ]E
B
Ay I
Rg
Zl ZO
-1
V=103 PNP
Ig;= (B+DIp :Qq -2
pri=f >
=1g=pPlg  Ip>=1g= Plg
Iy= (B+DIPls: = Ig= BBls= 'l

-3

V=

B=BB=F 0.7 Volt

Vee= Voo — IR, - IgRE
= Vee— IR, — f°Rely
= Vee — Is(Ri+B°R)

_ Vee—Vgg | 15.7-07
R.+f*Pg  [50+55%:0.2)

= I;= fIz= 55°%0.02996= 69.275 [mA]

= (.0029 ~ 0,023 [mA]

Ip
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!
v
Vp V0= 0 - RE
VE: VF¢0
-XO :]0 :]C
XF= VF: IeRe: 'ICRe =
B_;;_F_ Ve _ —loRp _ R;
4o Io Io
A=-=G
v
Ro

Voo Vo= Vo= ft)
Vi=20Sin(wt)  f(V3)

_ RaRy _ 100 _
Ro= o h = o 5 [K0]

w1 .
Vig= V"*E =3 7. = 105in{wt)

Vo= Vi <D=off < VisV;=5 o

296



Vo= 5V =E
D=on &V>5 e

_ ¥rg—3  Vyg—>S
© Rpg+10 1S
& L= 2 _033=-1
15 15 3
g _/ = Vo= 5+10% = 833
! . = Vo= 8.33*Sin(wt)= SV+=1
E V 2
VO: SV=FE D= Offc VTH<E: S5v

Vo=5V  V<E -

Vo= 8.33Sin(ot)

¥, 833
—2 _ Sin(wt) = 0.8
Veg 10

10

Vo= V,=0.7v, Vz=12v & p=49 :

B B - Ip) & Veg
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VCC= 8v
o1 D1
Ry
D,
on D;

VB: VZ: 12v
D;=on=Vp=0.7

Jc=(off)  Jp=

VB: VZ: 12
Vz— VBE' V;,- VOZ 0= VOZ Vz— VBE' V7
=>Vo=12-0.7-0.7= 10.6v

Vi 10.6
Ip=1y="2= — ~53md
R 2
I 2.3 2.3
= —— = = == = 0.106m4
B+l 49+1 50

1c= Plp= 49*0.106= 5.2mA

Ve =W 30-12
Ip=F = = 1.8mA
R 10

I= Ig+lo= 1.8+5.2= 7mA
[Dgz IZ: IR- ID: 1.8-0.106= 1.7mA

VZ: 12v

(on) <
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Ver=Ve—Vi=Vi— (Vor+ Vo)= 30- (0.7+10.6)= 18.7v

Ip;=0 &D,=off &V<V, < V;=38v
Vai=0.7 < D;=on
Je=off Jg=on
( )

Vi—lgr— Vg — Vaa —Rylg=0

Ig=(B+ 1l
_ Vi=Vgg—Vas
=I5 = —R+(|3+1'JRL = 0.06mA

off D, -1

Ipss=6mA, Vp=-3 v, Vss=-1

Vps Ve D2 Dy

7508

299



/-1-

12

1|/BE:0/3/ VCEsat:OI .
B=100

Vee Ip Is Ie -2

(Veeo s 1co) -3
VBB:O,Z 74 4
Rc 5
Z 2o Ry
20v

Ve
5v —

13

. Vi=10Sin(ws) Vo=f) V=71

— NMVW
R]ZIK.Q

4@, D]LEDZX_ Vo
4 T 4V_—|—_
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-1
-2

-3

1

2

3

L, Io,
st VrlfBasicAAmpli Vof R,
Xl B Xo
Ep—E¢
.n,=N.e &

-1

P -2
PN 2
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Specification sheet data for voltage regulator 1Cs

v ——== Output Nominal
@] e COmMmMmon output Regulator
E—— Input voltage
A
5V 7805
6V 7806
8V 7808
Absolute maximum ratings: 10V 7810
123V 7812
lnput_ voltage o 40V 15V 7815
Continuous total dissipation 2 W
Operating free-air 18V 7818
temperature range —65 to 150°C 24V 7824
HA 7812C electrical characteristics:
Parameter Min. Typ. Max. Units
Output voltage 11.5 12 12.5 \Y
Input regulation 3 120 mV
Ripple rejection 55 71 dB
Output regulation -+ 100 mV
Output resistance 0.018 Q
Dropout voltage 2.0 Vv
Short-circuit output current 350 mA
Peak output current 22 A
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Electrical characteristics for a VHF/FM Fairchild
varactor diode

BB 139

VHE/FM VARACTOR DIODE
DIFFUSED SILICON PLANAR

. C3/Cr5... 5065

« MATCHED SETS (Noie 2) DC-35 OUTLINE

ABSOLUTE MAXIMUM RATINGS (Note 1) I i
(25.49) MIN
Temperatures
Storage Temperature Range =55°C o +150°C
Maximum Junction Operating Temperature +150°C
Lead Temperature +260°C
Maximum Voltage
WIV Working Inverse Voltage 0V

0,021 (0.533)
0019 (0.481) DIA

| b=
0.075(1.91)

0060 (1.52) DIA

NOTES:

Copper clad steel leads, tin plated
Gold plated leads available
Hermetically sealed glass package
Package weight is (.14 gram

ELECTRICAL CHARACTERISTICS (25°C Ambient Temperature unless otherwise noted)

SYMBOL | CHARACTERISTIC MIN TYP | MAX |[UNITS | TEST CONDITIONS
BV Breakdown Voltage 30 Vo | Ix=100pA
Ip Reverse Current 10 50 nA | V=28V
0.0 | 05 | pA | Vg=28 V.74 = 60°C
fe: Capacitance 29 pF | ¥g=30V,f=1MHz
43 | 51 | 60 | pF | Ve=25V.f=1MHz
C3/Cas Capacitance Ratio 5.0 il 6.5 Ve=3VR25V,f=1MHz
vl Figure of Merit 150 V=30V, f= 100 MHz
Ry Series Resistance 0.35 Q | C=10pF,f=600 MHz
Ls Series Inductance 25 nH 1.5 mm from case
Jo Series Resonant Frequency 1.4 GHz | Vp=25V
NOTES:
1.

5

s ratings are limiting values above which the serviceability of 1
2. The capacitance diffrence between any two diodes in one set is less

e may be impaired.

over the reverse voltage range of 0.5 V1o 28V




Electrical characteristics for a VHF/FM Fairchild
varactor diode

Reverse current versus Capacitance temperature coefficient
reverse voltage versus reverse voltage
1.0 / 0.1
- 7 —
g £0 \\
R ] o~
= | §8 0.05 N
g / £ 004
= E
z |/ &L N\,
50l %5003
(7] V. g U
5 7 4 T2 002 N
& Z 1 4 N
= 7 | =% N
- / 03 N
g i :_
0.01 Z : 0.01 L
0 10 20 30 100 30 10 30 1.0
Vi Reverse voltage (V) Vi Reverse voltage (V)
Capacitance versus Figure of merit versus
reverse voltage frequency
100 T 1000
500 N
T 30 — - N
w20 M, B \
g N E 100 N
210 N = N
z £ 50
g 50 B
© 30 = NG
20 T T \Y
i 10
0.5 1.0 2.03.05 10 2030 10 50 100 500 1000
Vi Reverse voltage (V) Frequency (MHz)
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Transistor specification sheet

MAXIMUM

Rating 2N4123

CASE 29-04, STYLE |
Gallcaing-Hym Noltige TO-92 (TO-226AA)
Emitter-Base Voltage 3 Collector
;i % 0 )
Operating and Swrage Junction Tug | -55t0+150 Base
Range
THERMAL CHARACTERISTICS ; 1Bl
[ Symbol  Max Unit GENERAL PURPOSE
Thermal Resistance, Junction to Case Rac §3.3 TW TRANSISTOR
Thermal Reststance, Junction 1o Ambaent Rapy 200 TW NPN SILICON
ELECTRICAL CHARACTERISTICS (T, = 25'C unless otherwise noted)
Characteristic | Symbol [ Min | Max [ Unit |

OFF CHARACTERISTICS

Collector-Hase Breakdown Voliage VipRoso
e = 10 pAde, I =)

Eminer-Base Breakdown Voliage Viagieno
(I = 10 pAde, I¢ = 0)

Emitter Cutof! Carrent imoy - S0 nAde
(Vge =3.0Vde, lg=0)

ON CHARACTERISTICS

Base-Emitter Saturation Voltage( 1) Vitisais - 095 Ve
il = 50 mAde, ly= 5.0 mAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 30 MHz
(I = 10 mAde. Vi = 20 Ve, = 100 MHz)

Output Capacitance Cuan = 40 PF
(Ven=50Vde, Ip =0, = 100 MHz)

Input Capacitance Cire - 50 nF
(Ve = 0.5 Vdc, Te = 0, F = 100 kHz)

Collector-Base Capacitance Can = 40 L

(I =0, Ve = S0V, 1= 100 kHz)

Current Gain - High Frequency

e = 10 mAde, Vey = 20 Ve, = 100 MHz) bie 25 - -
(le = 2.0 mAde. Vex = 10V, = 1.0 kHz) 50 200
Noise Figure NF - 60 an

(le = 100 pAde, Ve = 5.0 Vde, Rg= 10k ohm, [= 1.0 kHz)
(1) Pulse Test: Pulse Width = 300 1. Duty Cycle = 2.0%

(a)
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Continued Transistor specification sheet.

Figure | - Capacitance

AUDIO SMALL SIGNAL CHARACTER

Time {ns)

Figure 2 - Switching Times

200 5

10.0

|
e
70| Vewon =05V 11
|

I'c o Collector current (mA)

(]

ICS

NOISE FIGURE

20 Cobo
L0
a1 0203 0350710 2030 507010 20 3040
Reverse bias voltage (V)
ib)
Figure 3 - Frequeney Variations
12 —

&

()

Source resistance = 200 Q |

L= 1= 1 mA

Source resistance = 200 £

I-=05mA

Source resistance = | k2
e =50pA

Source resist:

Ip-= 100 pA

L1 02 04 1 2 4 m 20

/. Frequency (kHz)

)

40

100

MF, Noise figure (dB)

{Vpg = 5 Vde, Ty = 25°C)
Bandwidth = 1.0

Figure 4 - Source Resistance

Xi]
L0 20 30 50 10 20 30 50

[to=1

=03 mA

0
01 02 04 Lo 20 40 ([}
Ry, Source Resistance (kf2)

el

100



i PARAMETERS
Ve = 10V, f= | kHz, T, =25°C
Figure § — Carrent Gain Figure 6 — Cutpur Admittance
300 T 10+ T T

s (mhos)

I

= "0 =
= 1 —t 1 T &

50— - =]

| 14 | 1 || = 20
30 (K1}
ol L 0.3 o 2.0 5.0 L1 U] 02 0.5 (1] 20 5.0 1m0
#. Collector current (mA) 1. Collocior current (mA)
n (g

Ratie

Figure 7 — Input Impedance

Voltage Feadback

ance (k2

h,, Volage feedback rtio (x 10-4)

z 10
E ]
e
(4R} 02 0.5 1.a 24 50 1 01 02 0.5 1.0v 0 50 10
A= Collector curment (A I o Collector current |
i S —— - {i
*! STATIC CHARACTERISTICS o,
Fagure 9 — DO Current Gain
2.0
_ Ty=+125° C Vig=1W
=
=
E
=
=

g
5
s
]
E

ol 02 03 0s 07 10 20 30 50 7.0 10 20 30 S0 70 100 200
Fi-. Collecror curment (mA)
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2N5457 Motorola n-channel JFET

2N5457

CASE 29-04, STYLE 5
TO92 (TO-226AA)

MAXIMUM RATINGS 1 Drain
Rating Symbsal Yalue Unit

Drain-Source Voltage ¥ps 25 Vde 3
Drain-Gate Volage [ 25 Vde Gae
Reverse Gate-Source Vollage Vs =25 Vde L, E 2 Source
Gate Current Ig 10 mAde -
Total Device Dissipation @ Ty, = 25'C Pp 310 mW JFETs

Derate above 25°C 282 mW/C GENERAL PURPOSE
Junction Temperature Range T, 125 © N-CHANNEL—DEPLETION
Storage Channel Range Tag 65w +l50 | C

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Refer to 2N4220 for graphs.

‘Characteristic

J Symbal

Min

Typ Max

OFF CHARACTERISTICS

Gate-Source Breakdown Voltage
(=10 prAde, Vs =0}

Vinrposs

Ve

Gate Reverse Current
(Vigs ==15 Vde, Vpg=0)
(Vgg ==15 Ve, Vpg= 0, Ty, = 100°C)

Liiss

- 200

nAde

Gate Source Cutoff Voliage
(Vs = 15 Vde, I, = 10 nAde)

2N5457

Vdc

Gate Source Voltage
(Vpg = 15 Vde, I, = 100 pAdc)

2N3457

Ve

ON CHARACTERISTICS

Zero-Gate-Voltage Drain Current®
(Vs = 15 Vdc, Vg =0)

=

Inss

t 30 | 50 |

SMALL-SIGNAL CHARACTERISTICS

Forward Transfer Admittance Common Source™
(Vs = 15 Vide, Vgs =0, 1= 1.0 kiz)

2N5457

Iyl

5000

pmihos

Output Adminance Common Source®
(Vs = 15 Vide, Vgs =0, 1= 1.0 kHz)

1Yo

lumhos

Input Capacitance
(Vs = 15 Ve, Vigg =0, 1= 1.0 MHz)

4.3 T0

pF

Reverse Transfer Capacitance
(¥pg = 15 Ve, Vgg =0, 1= 1.0 MHz)

pF

*Pulor Tesic Pulve Widh £ 630 ms; Duiy Cycle 5 WA



2N2844

CASE 22-03, STYLE 12
TO-18 (TO-206AA)

3 Drain
(Case)

1 Source

JFETSs

GENERAL PURPOSE
P-CHANNEL

310



2N3797 Motorola n-channel depletion-type MOSFET

[ 2N3797

CASE 2203, STYLE2
TO-18 (TO-206AA)

MAXIMUM RATINGS
Rat: - 3 Gase:
ing Symbol Value Unid 5

Dvin-Source Voltage Vis Ve
INI9T 2 3L
Gate-Source Voltage Vas =10
Dwain Cumrent In 0
Total Device Dissipation @ Ty, =25°C Py 200
Derare above 25°C 114
Junction Hange Ty +75
Storage Channel Temperature Runge Toup 65 10 +200_
El RICAL CHARACTERISTICS (T, = 25°C unless otherwise noled)
[ [ iie [ Symbal | min | Typ [ Max | vei
OFF CHARAUCTERISTICS o

Divuin Source Breakdown Veltage Vinmnax Ve
(Vgs ==70V, Ip=50pA) L] 20 25

MOSFETs
LOW POWER AUDIO

Gaee Reverse Current (1) Liss e
(Vas =-10V, Vs = 0) 1.0
(Vg = =10V, Vg =0, Ty = 190°C) 0

Gase Source Cutnff Voltage Vosem Ve
(Ip =20 A, Vg = 10 V) N3T97 - 50 | =70

Drain-Gase Reverse Current (1) Tooo - - 10 e
(Vpg =10V, I5=0)

ON CHARACTERISTICS

Zero-Gate-Voltage Drain Cument
(Vs =10V, Vs = 0)

£
3

NI 20 23 6.0

On-State Drain Cusrent Toim
(Vps = 10V, Vs =435 V)
W37 90 14 18

3

SMALL-SIGNAL CHARACTERISTICS

Forwnrd Transfer Adminance 1l prmbs
(Vs 10V, Vgg=0, = LOKHZ)

N 1500 2500 kLU
{Vps = 10V, ¥gs =0,1= 1.0 MHz)
AT 1500 -
Outpur Adminance 1 Yeul pmhos
(pg= 10Y, Vag=0, = LOKHz)
T n 60
Input Capacitance Cha pl
(Vs = 10V, ¥ag =0, 1= 1.0 MHz)
NI 6.0 B0
Reverse Transfer Capacitance Cru - 0.5 [+ pF
(Vpg = 10V, ¥gg =0, = 1.0 MHz)
FUNCTIONAL CHARACTERISTICS
Moise Figure NF 38 3 a8
(Vps = 0V, ¥gg =0,1= L.OKHE Ry

(1) This valus of current includes bath the FET leakage current as well as the leakage cusvent associated with the fest socket and fixture

when measisred under hest attainable conditions.
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2N4351 Motorola n-channel enhancement-type
MOSFET

2N4351
CASE 20-03, STYLE 2
TO-72 (TO-206AF)
MAXIMUM RATINGS 3 Drain
Rating Symbaol Value Unit

Drain-Source Vollage Vos 25 Vide |-I p
Drain_Gate Voltage Voa 30 Vde 2 _|=:1 —2
Gate-Source Voltage® Vas 30 Ve Gate
Dirain Current o 30 mAde 32 [
‘Total Device Dissipation @ Ty, = 25°C Py 300 mw 4

Derate above 25°C 1.7 mW/C MOSFET
Junction Temperature Range T 175 -« SWITCHING
Storage Temperature Rangs Ty | 65004175 | C N-CHANNEL - ENHANCEMENT

* Transient poscntials of £ 75 Vall will ol cause gate-anide failure.

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.)

Characteristic Symbol | Min | Max [ Uit |

OFF CHARACTERISTICS

Drain-Source Breakdown Voltage ViBRiDsx 25 Vdc
(Ip = 10 pA, Vgs =0)

Zero-Gate-Voltage Drain Current Ipss
(Vps = 10V, Vigg =0) T =25°C 10 | nAde

Ta= 150°C 0| pAde

Gate Reverse Current Tiss - +10 pAde
(Vgs = 15 Ve, Vg =0}

ON CHARACTERISTICS

Gate Threshold Voltage Ve (I 5 Vde
(Vps =10V, Ip = 10pA)

Drain-Source On-Vaoltage VDiston) = Lo v
{Ip =20 mA, Vs = 10V)

On-State Drain Current Tngom) 3.0 = mAde

(Vgs =10V, Vpg = 10V)
SMALL-SIGNAL CHARACTERISTICS

Forward Transfer Admittance Iygh 1000 - pmho
(Vps= 10V, I = 20mA, [ = 1.0kHz)

Input Capacitance Cou 50 pF
(Vps = 10V, Vgg =0, = 140 kHz)

Reverse Transfer Capacitance Cru - 13 pF
(Vpg =0, Vgg =0, 1 = 140 kHz)

Drrain-Substrate Capacitance Ccauby - 50 pF
(Voysupy = 10V, f = 140 kHz)

Drain-Source Resistance Tatsion) = 300 ohms
(Vgs = 10V, Iy, =0, = 1.0 kHz)

SWITCHING CHARACTERISTICS

Tum-On Delay (Fig. 5) Lo 45 ns

== Iy =20 mAde, Vi = 10 Vde,
Rise Time (Fig. & L o L - 65 ns
\Fle. &) (Vs = 10 Vde) =

| Turn-Off Delay (Fig. 7) | (5ee Figure 9; Times Circuit Determined) L - & L]
Fall Time (Fig. $) i 2 100 | s

312



Specification sheet for a low-cost analog

JFET current switch.

ON Semiconductor™ 0
' =
JFET Switching 2N5555
N-Channel — Depletion
MAXIMUM RATINGS
Rating Syrmbeal Value Unit
Drsine=Source Votage Vs 5 Ve
Divain-Gade Vollage Vog 25 Wde
Gate - Source Vollage: Vos 25 Wi 1
Forward Gate Curront o 0 mide 2y
Tota! Dirvice Dissipation & Tp = 26°C Py 350 I
Derale above 25°C 28 "W CASE 20-11, STYLE S
TO-52 [TO-22844)
dunction Temperatuns Range T 65 10+ 150 ‘c
Sxwage Temperaturs Rangs Tug 65 10 +150 E
1 DAY
)
GATE
2S0UACE
EL CHARA [Ta = 25°C ueikss ol reked)
| Characinristic Symbol | Min Max | it
OFF CHARACTERISTICS
Gabs-Enures Broshasen Vokaga (i = 10 wAde. Vinsusss 25 - e
Gate Frerversa Currant (Vg = 15 Ve, Vpg = 0} Igan - ) nAce
Dvmin Cutef Cumant (Vs = 12 Vae, Vasg = - 10 V) ooy =: W nAde.
(Vo = 12 Vidc. Vigg = =10 ¥, Ty, = 100°C) — 20 ke
ON CHARACTERISTICS
Zorm-Gate-Votage Cirain Cument! Inss. 15 - mAde
¥es = 15 Voe, Vog = 0)
Gale-Scurce Forward Volags Vasm 10 Wiie
ez = 1.0 midde, Vg = 0)
Dimin-Souros On-Vollage Vi — 15 Wi
lly = 7.0 mAdie, Vg = )
Satic Drain-Sowtte On Rasislance [ - 150 [
g = 0.1 A, Vas = 0)
1. Pulsn Tost: Pulse Width < 300 us, Duty Cycke < 3.0%,
[ Characteriatic [ svmbel [ in | e Uit
SMALL-SIGNAL CHARACTERISTICS
it ource O Fa Taslerd = 150 Cheres
(Vo = 0, o =0.1= 1,0 kHz}
Ingut Capacance Cax 50 BF
{Vps = 15 Vg, Ve = 0, 1= 10 MH)
Foverso Transher Capacitare [ = 12 oF
Ve = 0. Vs = 10V, F= 1.0 MHz)
SWITCHING CHARACTERISTICS
Tum-On Delay Teee | (Voo = 10 Ve, lpgon = 7.0 mAdc, Ty - 50 [
Fisn Time Vastong = 0. Vosgon = ~10 Vilch W = 50 77
Tum-Off Dokary Time | (Vop = 10 ¥0C, e = 7.0 mAde, [ — 5 ns
Fall T Vs ® 0. Viosen = 10 Vc) i — m =
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Two Litronix opto-isolators. (Courtesy Siemens

Components, Inc.)

ISO-LIT 1

(Top View) Pin No, Function

ISO-LIT Q1

anode

cathode

nc

. emitier
8| 5 collector

d base

LED chip on Pin 2

PT chip on Pin 5

(a) Maximum Ratings

Gallium arses
Power diss
Derate linearly from 25°C

de LED (cach channel) IL-1
pation @ 25°C

Continuous forward current
Detector silicon phototransistor (each channel) IL-1

Power dissipation @ 25

Derate linearly from 25°C

Coll nitter breakdown volta

Emiter-collector breakdown voltag

tor-

Collector-base breakdown voltage
ackage IL-1
Total package dissipation at 25°C ambient (LED plus detector)

Operating temperature

(ES

v Pin No. Frunction

anode
o

cathode

’ cathode

anode

anode

cathode

cathode
anode
emilter
11 collector
enitier
! 3 emitter
} i ( collector
collector
emitter
200 mW
2.6 mW/I°C
150 mA

200 mW
2.6 mW/eC
30V

v

TV

250 mW
33mW/rC
°C to+150°C
55°C 1o +100°C

(b) Electrical Characteristics per Channel (at 25°C Ambient)

Parameter Min, Iip Max.

um arsenide LED

Forward voltage L3 1.5

Reverse current 0.1 10

Ca 100
Phototransistor detector

BVego 30

Loigs 50 50

Collector-emitter capacitance 20

BVyco 7
Coupled characteristics

de current transfer ratio 0.2 0.35

Capacitance, input to output 05

Breakdown voltage 2500

Resistance, input to output 100

' 05
Propagation delay

o 6.0

25

D oir <.

Unit

Test Conditions

I = 60 mA
V=30V
Vg=0V

fe=1mA

Vep=10V,I;=0A

Vep=0V

Ip= 100 uA
Ip=10mA, Ve =10V
DC

Ie= 1.6 mA, Ip= 16 mA

Ry =2 K&, V=5V
Ip=16mA




The scientific Technical Terms

_A-

Abrupt

Abrupt Junction
Absolute Zero
AC-Analysis

Acceptor atom
Acceptor Concentration
Acceptor impurities
Active Element

Active region of transistor
Aluminum

Ambient Temperature
Amplification
Amplification Factors
AND Gate

Anode

Antimony
Approximation

Arsenic
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Atomic structure
Avalanche break down

Automatic gain control (AGC)

Band

Bandwidth

Barrier potential

Base

Base resistance

Base width

Bias -
Bipolar Junction Transistor
Blockset

Bohr atom model
Boltzman constant

Bond Covalent

Boron

Breakdown

Bulk resistance

Capacitance

Capacitor
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Carriers

Cathode

Circuit

Channel

Characteristics

Charge

Clamper circuit

Clipping circuit

Collector

Collector resistance

Collision

Common-base configuration
Common-collector configuration
Common-Emitter configuration
Common-Drain configuration
Common-Source configuration
Comparison

Complimentary

Concentration

Conductance

Conductivity

Conductor
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Conducting Band
Constants
Contact

Control

Covalent Bond
Critical Value
Current

Crystal lattice
Cutting Voltage
Cut off

Cut off region

DC Analysis
Decade

Decibel

Degree

Delay time
Depletion mode
Depletion region
Descente time
Design

Detector

Device ( )
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Diac

Dielectric constant

Differential

Diffusion - -
Diffusion Capacitance

Diffusion Equation

Diffusion Junction

Discharge

Dissipated Power

Donor atom ( )
Donor Concentration

Doping

Drain

Drift current

Dynamic Load line

Effect

Effective value
Einstein equation
Electrical
Electron

Electron Emission

Electron mass
I
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Electron volt (ev)

Electron charge

Element

Emitter -
Energy-band diagram

Energy gap

Energy level

Enhancement mode

Equivalent circuit

Excitation

Fermi level
Field

Filter

Fixed Bias
Forward Bais
Fourier Analysis
Free Electron
Frequency

Full wave rectification

Gain

Gate
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Gaussain Distribution
Generator
Germanium

Ground

Half-wave rectification
Hole -
Holes current

Hybrid

Ideal diode

Image Processing
Impedance

Impurity

Input

Instruction

Insulators

Integrated Circuit (IC)
Internal resistance
Intrinsic

Interactive mode
Intrinsic Semiconductor

Inverter
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Inverse Voltage
lon

lonization

Junction

Junction Temperature

Kirchhoff's voltage law (KVL)

Kirchhoff's current law (KVL)

Layout circuit

Linear circuit

Linear circuit (IC)

Light Emitting Diode (LED)
Load Line

Logarithmic

Logic Function

Logic Level

Loop

Low-pass Filter

Majority carriers

Matrix
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Maximum
Memory
Metal

Metal Oxide-Semiconductor
FET
Mho

Microcontroller

Microprocessor
Miller capacitance
Minority carriers
Mobility

Modeling

n-Type semiconductor n
N-channel JEFT N

Negative feedback

Negative charge

Noise

Nonlinear

Normal

N-P-N Transistor NPN

Norton's theorem
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Partial

P-channel JEFT P

P-Type material P
Parallel

Parameters -
Parasitic capacitance

Peak Inverse Voltage (PIV)

Pentavalent

Pentode

Period

Permittivity

Phase

Phosphorus

Photo diode

Photo transistor

Photon

Pinch-off Voltage ( )
Plank's constant

P-N Junction P-N
P-N-P Transistor PNP
Polynomial

Positive Feedback
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Probability
Potential

Potential - Barrier

_Q_
Quadripole
Quantum physics
Quiescent point

-R-

Random
Recombination
Recombination Region
Recovery

Rectification
Reference voltage
Regulator

Relativity

Resistance

Resistivity

Reverse bias

Reverse resistance
Reverse saturation current
Ripple

Robust Design
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Room temperature

Saturation
Saturation Region
Schottky diode
Schotty Transistor
Self-bias
Semiconductor
Sensitivity

Series diodes

Sheet

Short-circuit
Siemens

Signal Processing
Silicon

Simulation

Sine wave

Single Crystal

Source

Square wave generator

Stability

Static characteristics

Storage-time
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Switch
Sweep

Symbols

Temperature
Tetravalent

Tetrode

Thermal voltage
Thevenin's Theorem
Threshold voltage
Thyristor

Transfer characteristic ( )
Transfer conductance
Transfer function
Transformer
Transistor

Transition capacitance
Triac

Tunnel diode

Uni-Juction Transistor

Unipoler
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Valence electrons

Valence orbit

Varactor diode

Varieties

Volt-Ampere characteristic
Voltage — divider bais

Voltage regulator

Wave

Wave form generator

XOR gate

Zener diode
Zener region
Zener regulation

Zener resistance
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