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Configuraciones del Transistor como
Dispositivo Amplificador

OBJETIVOS

- Entender el procedimiento de analisis de los parametros
caracteristicos de amplificadores.

« Analizar los circuitos de pequena senal
correspondientes a amplificadores BJT de una etapa:

- Emisor comun.

- Emisor comun con resistencia de emisor.
—  Colector comun.

— Base comun.

«  Comparar las caracteristicas de estas configuraciones.
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Parametros caracteristicos de amplificadores

Rin " .Rmut
Rg | | Amplificador o |
Y : ——® lin+ out+4+—— I
+ +
| |
(~“)vg Vi A o— | Vo 2 AL
| |
| - Tin— DUt—T | -
| |
= Ganancia de Tension, Av y Gv I
y R G_K s
A = L= ,
. . . V V L,
= Ganancia de corriente, Ai I g
» Resistencia de entrada, Rin 1% VO
Rin =L Rout — L
; l
li 0

= Resistencia de salida, Rout
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Parametros caracteristicos en circuito abierto

|
|
.
|
Vg : Vi *[& Vo R, —>eo
| _
-
| _
|

= Ganancia de Tensién sin carga, Avo 2 s
L oo

= Resistencia de entrada sin carga, Ri V.
_i

L IR, —oo
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Parametros caracteristicos en cortocircuito

Rg i Amplificador |
| 0
: lin+ gut+L—'
+ _\
&:W Vi — A/— R, =0
‘ - Tin- out-T—
4, =l
= Ganancia de Corriente de cortocircuito, Ai(sc) Fse) 'l. 2 0
=
= Transconductancia de cortocircuito, Gm _ I o
G, =
LR, =0
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Calculo de Impedancias de entrada

Rin \

Amplificador

Mn+

ﬂn-

out+4

{&

DUPT

Ri

—

Amplificador

lin+ -:-ut+L—

{&
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Calculo de Impedancias de salida

IRuut
Rg Amplificador "
—JVV\/—lin+ out+l 4
@
— Tin- out-T
l Ro
Amplificador it
—lin+ -:-ut+l ¢
+
A
—Tin- out-T
UC3M 2009 CCE - Sesién 15

éVt

g V.
out i
t 1y, =0
V
t
Ro _l._
t Vi:O




Equivalente de pequena senal

C . & 9
Vp grpl C) gm*Vpi g ro
O A ® r O
E
1
g ‘ ;Q‘ Q" ) VT‘Tamb=3OO°K = 25mV
ﬁ IB VT Q
'z = ‘[CQ‘ ( ) 180 = 8n'lr
(£2)
\fcg\
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Ejemplo de pequena senal

Vcc
.
= RC =3 kQ = \/BE-on = 0,6 V
= Re * RB = 15 kQ " BF = 100
= VCC =18V
L
RB + = VBB = 1,2 V
WA—— at « Vg = 0,2 V (pico)
) Vg Vo
— VBB = B Vg, = 0,6V
1, =~40u4
= (1) ANALISIS DE Vo—oV —
POLARIZACION ¢ Ic, =4mA
Veg, = 6V

S~
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Ejemplo de pequena senal

|I'['.I

"Wy '
+
+
Vg Vpi << rpi

gm*Vpi ro

(2) PARAMETROS DE
PEQUENA SENAL

_ A soma v

25mV
L 100-25mV _ 6250
4dmA

7 —M =25kQ2
* 4m4

Em
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T

(3) ANALISIS DE
PEQUENA SENAL

—

Vo =-8,V2 (1 /I R)

V=V, —=
g
Ry +r,
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+ = Bo=100

Rc Vo = VA =100

fVBB =0V

c=0V

__gm(ro//R )
g tr,

Y ‘o‘ o N ‘ ~

=-g, (1, /I R;) =428V,

l
<=8 =1004
ib ’BO /4

V

~-177,
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Amplificadores de una etapa

« Amplificador en emisor comun (EC)

« Amplificador en emisor comun con RE y degeneracion de emisor
« Amplificador en colector comun (CC) o seguidor de emisor

« Amplificador en base comun (BC)

EC-RE cC BC

EC
Rc
Rc out .
out in
out
In
Re
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Amplificador en emisor comun (EC)

.

(1)

ANALISIS DE
POLARIZACION

UC3M 2009

+Vce
|Rr:)ut
Rc
i Co
Ri.‘ N Vo
| | T
fRL
Rb =
lee —|— Ce
-Vee

C,C.C,—»o 1pz=1,
(Circuito Abierto) [.,=1
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EJEMPLO

*" Bo =100
=VA=100V

= Rb = 100 kQ

= Rc = 8 kQ

= RL =100 kQ

= Vcc = Vee = 10V
" lee = TmA

I, =1mA
g, =40mA/V
v, =2,5k
7y, =100k
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Emisor Comun (Impedancias)

Rin ; Rib lRm: IBr::ut
Rg li ___________ lo
—AA b * |b_ - C_| - ¥ -
| + +

(2) ANALISIS DE PEQUENA SENAL

_ R =7
Rz‘b =7, Rin — Rb // V, MR, >>r, 7
R =7 _ ~
oc 0 Rout o Rc // ” Rout r,>>R, - Rc
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Emisor Comun (Pequena senal)

Rin ; Rib lRm: IBr::ut .
Rg li ___________ lo
—yy S— ) |b_ Py ¢l -,
| + +

@Vg gﬁh :Vpigrpi @ gm*Vpi g ro

(2) ANALISIS DE ;= Ve ooy L
PEQUENA SENAL R, +R, * *R,+R,
p=—g V.~ oy (/IR JIR)
0 En¥ z RL +R0ut o gm 4 7"0 c L
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Emisor Comun (Ganancia)

Rin ) Rib 4Roc <Rt:nut ‘
Rg li ___________ lo
M ’ 3 |b_ 3 c_l * ’ 3
| + +

@Vg ZRb  |Vpi = pi GD gmVpi = 1ol ReZ | RLE o
- = I____ia:_____J = =

v
=22 =—g (r//R /IR ~ —
A, 7 8. (1, I/ R.JIR;) woly sor, = ~8mke
14 R,
G =—2=—g (r//R /IR, )— G| =P (R IR
Vg Rg + Rln VIR, >>r, Rg + ]/ﬂ_ (ro c L)
i R
A =2=— R =-—
T TS R R Aol g, =P
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Amplificador en emisor comun con RE

+W oo
o
.Rr:uut e
=l g 5
m ~o Wi
| i Re
} FL Rg Ci ||
+ A
| | _|L @ Vg §Rb1 ;He L
- lee e 1 —l
EJEMPLO l 1 )
-Yee
*Re =1 kQ R, =R, /IRy,
I, =1mA
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Emisor Comun con Re (Impedancia)

Rin I Rib : Rout .
R | Vi |fp—————————— & lol
—» | |
NERRE RIEE
| s
@‘u’g —  ZRb |Vpi =rpi @/ gmVpi I Re RL= Vo
|
: - ”E'e : —
— = e | = =
§ Re
V - Rz‘b:?_'_n:r%"'(l"'ﬂo)&
e
'z R, =R, /[, +(1+ B,)R,]
V=V, +. R ~R
outly >>R, ¢
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Emisor Comun con Re (Peq. senal)

A
o
-
-

P

Rin Rib
R l rﬁ_———————__f_
—" My W .
|
@Vg Rb |'U'p| @) gm*Vpi
| Je
- N R
gﬁe
R
I/l,:Vg in ng 1
R, +R, -
v
V,=|Z*+g,V, |'R
e [Vz o ”] v,
V. 1+g R
V.=V_+V,
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Emisor Comun con Re (Ganancia)

Rinll Rib | St
Rg Y T T lOI
A i I
|t l ¥
| s
@Vg — §Rb Vpi §rpi @ gm*Vpi I Rc§ RL§ Vo
|
: — Ve : —
1 4 0 =T i 1

Re

R, <<R,, N_(Rc//RL)N Rc RL

G ~ — .
A = Z = — 'BO (RC U RL) <ok Re Re Rc + RL
LV r +(1+ )R
i T ( IBO) e A = ﬁoRc - ngc
1 R Rb +Rb " r7r+(1+IBO)Re 1+nge
A -2 —_ < !
" L R +R R, Rg<<R,

i(sc) = _ﬁo

Ry, >>Ry,

UC3M 2009 CCE - Sesion 15 19




Amplificador en colector comun (CC)

+Vce O
Rin ,, [Rout §Rb2
Rg Ci Ry  Ci L
A e Co WA Co o
N §Rb | vo @ Vg §Rb2 F
@ Vg lee RL - "L
- ) Vee )
R, =R, //R,,
EJEMPLO

leg=1mA Rpvusor = R, // R,
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—r, | ]
| e |
Y Rb (vpi i J ) gmpl
Q : Pl rpi C) o I REM _ ]/’0 // RL
| |

N - Rout
— T
l. +
0 R'—T Yo
r.+\R, //R r.+\R, //R V_+V,
Rout:ro// - ( - g)z - ( ? g) Rib: :r7[+(1+180).REM
1+ 1+, Velrs
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—r, | ]
| e |
Y Rb (vpi i J ) gmpl
d : ] ol C o I REM _ ]/’0 // RL
| |

1 1 o
— >
: L
— Rm =V 0 FL Wi
" YR, +R, ¢ ) v
v . .
V,=|—*+g,V, |'Rey R+ &,
r V,=V,
g Vﬂ' rO
l, = _+ng7r
V.=V +V, ry r,+ R,
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Colector Comun (Ganancia)

Rin I Rib I

Ra | Low (L, C_I
AMAT— | —
| T | =

| . . am™ i |

@ Wi gRb |‘u’p| ;rpl § o |

| ve J |

1 1l ol |

Rout
T

Av:VO _ (1+:Bo)'REM G = VO ~1
Vi rn‘l'(l‘l'ﬁo)'REM ! Vg
l r R, +R. Rg << R,
Ai:.—0:(1+ﬂo) - : s i(sc) ) .
i r+R, R, R,>> Ry
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Amplificador en base comun (BC)

+4 oo

R

Al
e
—
A
i:
Al
— ‘

—AMA—]| ,
5 ve D) e EJEMPLO

G
- -Yee
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Base Comun (Pequena senal)

_——_——_— Y — — — — — — — —
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&
c | .
|
C\l/ gm*Vpi I ch
|
| L
_______ ] i
Vi=V.
— Rin
i g
Rg+Rin
Ve==V2

I/o = _ngﬂ'(Rc //RL)
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Base Comun (Caracteristicas)

Rout ]
______________ l
b c | . L__‘
W I ' v
= | + o _ Yo _
| Vpi §rpi C\l/ gm’Vpi I RC§ RL§ Vo AV 1% +gm (Rc //RL)
: _ Ve |
| | 1 1~
_____________ J
Rg RL., l‘
Ay — 1
l. v
. l R, =—"—= A =+g R.
Cve 45, &,
~R Ao =0
- out |y >>R c

UC3M 2009 CCE - Sesion 15 26




Comparacion

EC X
R /v, =r, R. /v,  —g (/IR/R) —-gR =-f
EC-RE = R t IBO(RC //RL) _ﬂ _ﬁ
R, //r,+(1+B)R,] ; r +(1+ B )R, Rb
CC * x (1+ B )-R R, +R
v, +\R, // R o/ EM 1 (1 b T L
R, /[, +(1+B,) Ry, | 1(+bﬁ ) (s8R (1+5,) R
BC r, 1 % B, _
1+IB - g RC +g,(R.//R;) (1+:Bo)_
Rin max VA max
Gv = Av Rg +Rm Gv B = —g.7, —_7T Gv co =]
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{

Ejemplo: Circuito practico

4+
)
— RZ
%_
Cin
|+ . hqnan .
o
¢ — o *
R RE RL Vo
1 —
0 Jy':l
—\eoo

* [ndicar que tipo de amplificador es
» Calcular la ganancia Vo/Vg
» Calcular la impedancia de entrada

= Calcular la impedancia de salida

UC3M 2009
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EJEMPLO
=Vcc=12V
"o =1mA
V=0V (DC)
» R,=R,=180KQ
" Re=?

= R = 1KQ

= R, = 50Q

» C,, = 10uF

= C,=100uF

.Q1 = BC547B
(Br = Bo = 300)
(Veeon=0,7 V)

(VCE—sat =0,2 V)
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ANEXOQO 1: Caracteristicas EC

Rg ii ___________ c io Rib — rﬂ'
My T :b_+ T _i T T +
@ Vg TRIJ IVpi §|'|:ri él/) gm*Vpi % m: ch HL% Vo Roc — rO
o | ]
< S S T — = =
A=Yo o G IR IR)
R =R,/ o, =T p o S TR
A =- // R
R,=RJ/r, R, _ =R o =8 (1, 1K)
ou c o out | >>R, c
” R AVO r,>>R =~ _ngc
G =—=-g (r//R //R)—=
Vg Rg +Rin i0 Rom
ﬂ Az .~ _gm in
| === /IR /IR,) L R, +R,
b>>T7 Rg +7"ﬂ. Az(sc) = _ngm
R, <<ry —
VIR, >>r, - gm(ro //Rc //RL) Ai(sc) R, >> :—ﬁo
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ANEXO 2. Caracteristicas EC con Re

V.+V,
R, =—= =r +(+ )R,
ib — V/ V ( IB)
R, =R, //|r, +(1+ B)R,]
RO“[ ¥, >>R = RC
y v, B.(R//R)) A = LR ___8.R
' Vl 7"7[+(1+,80)'Re rﬂ+(1+lgo)Re 1+nge
G, = V, __ BRIR) R, ot __(RIR) R R
Voo ntU+B)R R 4R, <<k, Re R, R.+R,
lO Rc R +Rz Rg<<R,,
A, - = _,BO 2 . l(SC) IBO Ai(sc) R SR, =
I R, +R. R, R, SR,

_:80
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ANEXOQO 3: Caracteristicas CC

%b -

Fg li Wi e ]

b C

AP I |

| * |

| . |

@ W ;Rb |Vpi grm C\l/ gr™/pl g ro |
1 1l - |

Fout
r

4 (1+ 8 )-R,, R

R [ . mn zl

"V, r,+(+B) R, R,+R,

g in

Vo (1+/Bo)'REM

V, rz+(1+ﬂo)'REM

l
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VP,
R, =R, //[rﬂ' +(1+:Bo)'REM]

=r,+(+5)) Ry,

r.+(R,//R,) 7, +(R,/IR,)

Rout:ro// =
1+, 1+ 5
3 (l—i—ﬂo)-ro B
Yo+ (148,
A=t (14p) e Kt
I, r+R, R,
Az‘(sc) = (1+ﬂ0)Rb +Rlb
Rb
Rg<<R,,
i(sc) Rj>>Rib ~1+IBO
31
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ANEXOQO 4: Caracteristicas BC

<Lfout |
h T S N R =11~
|+ I } + 1+IBO gm
- IVpi = pi gm*Vpi I Re RLE vo
I _ Ve | _ t ~
R J| al . out|y >>R c
Rg Rin
AA——— .
li Ve _
@Vg AV_I/Z _+gm(Rc//RL)
N Avo :+ngc
4 R
G, =-—2=+g (R //R)—™" 4 =to b, R, _ R
v, R,+R, " i (+B)R +R, R +R,
V 1 I
G, =-=g,(R/IR,) Aoy =08
V, 1+g,R,
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