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Aula Experimental:

Amplificador Discreto
Emissor Comum
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Circuito

Amplificador inversor na configuragéo emissor comum com polarizagéo via
divisor resistivo e resistor de degeneracdo de emissor
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- BC547C
B]JT empregado - BC5488B

BC546B, BC547A, B, C,
BC548B, C

Amplifier Transistors
NPN Silicon

ON Semiconductor®

Featurez http://onzemi.com
® Ph-Free Packages are Available®

COLLECTOR
1
MAXIMUM RATINGS 5
Rating Symbol | Value Unit BASE
Ciollector - Emitter Voltage Vioeo Vdc
BC546 65 3
BCE47 45
BC548 20 EMITTER
Collector - Base Voltage VceD Vdc
BCE46 a0
BC547 50
BC548 30
TO-92
Emitter - Base Voltage VEED 6.0 Vde CASE 20
Collector Current — Continuous Ig 100 mAdc STYLE1T7
Total Device Dissipation @ Ty = 25°C Fo 625 miY

' Derate above 25°C 5.0 mW/°C 15 3
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- BC547C
B]JT empregado - BC5488B

Parametros hibridos — “h” (quadripolos):

Encontrando _ _ )
1 32
o 8 do BIT: - — hy —>Q
= hg I TRANSISTOR I Vi=hyli+h,v, [h,»>Viv
e i l " %Rﬂ I, =h,l; +hy,Vv, N > ATA
-1
Characteristic Symbol Min Typ Max Unit
DC Current Gain hre -
(lo = 10 uA, Ve = 5.0 V) BC547A - 90 -
BC546B/5476/5488 - 150
BC548C - 270
(lc=20mA Vee=5.0V) BC546 110 - 450
————————— BC547 110 - 800
BC548 110 - 800
BC547A 110 180 220
BC546B/5476/5488 200 290 450
BC547G/BC548C 420 520 800
(lc =100 mA, Ve =50V) BC54TA/548A - 120 -
BC546B/5476/5488 - 180 -
BC548C - 300 -

‘ﬁjf ereenein Na config. emissor comum:
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B]JT empregado

- BC547C

Encontrando o V, do BJT:
Characteristic Symbol Min Typ Max Unit
Base - Emitter On Voltage VeE(on) V
(lo=20mA, Vce=5.0V) 0.55 - 07
(lc =10mA, Ve =5.0V) - - 0.77
0T T 7 FTT
090 | Ta=25C a
0.8 .--""'f;
' VaE(sa) @ Ip/la =10 | L4 __,,_..---""'
VBE =0,6V c'.-_’-':i‘ 0.7 | jﬁlﬁ L
@ I.=500 pA E 0.6 pmm & VaEjon) @ Ve = 10
G 05
5 f
0.4
S
= 03 1
0.2
0 V(s @ lcls =10
A
: Tt
ﬁjf 01 0203 050710 2030 507010 20 30 5070100
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- BC547C
B]JT empregado - BC548B

Encontrandoo V- ., do BJT:

Characteristic Symbol Min Typ Max Unit
Collector — Emitter Saturation Violtage Ve (san V
(lo =10 mA, Ig = 0.5 mA) - 0.09 0.25
(lc =100 mA, Iz = 5.0 mA) - 02 0.6
(lo =10 mA, |g = See Note 1) - 03 0.6
2.0
11 1
= \ Ty = 25°C \
g ML
) 51 TR ERRAL
Vee sat < 0,25V (mdx.) g o= 200mA M
@ I.>> 500 uA o . | || ||
@ I;>> 5 uA E o= | lg= |e=50ma |||\ c=100ma
(pior caso de f3) | 10 mA | 20 mA \L‘
S 08 N
: N
§ ——
= i
mERiii

Aﬁjf Uxivessionns ﬂn.m 0.1 1.0 10 20
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Rotina de projeto

Dadosdo transistor: ~ BC547C - B ~ 500 cte.  Tg=20+273=293

fisicas

It.. BC547B - 3 ~ 350 (70% —
2 (70%)] ke = 1.3806488-10 °°
K- T _ 18
VT = B K 5249 107 tens&o térmica G = 16021765710
e
VCE_sat =0.25 max. @IC=10mA/IB = 0.5mA
Vgg =06 obtido a partir do grafico VBE(on), p/ IC =500 pA
he = 600 @IC=500pA/VCE =10V
fe (small-signal hfe = 600, 1 kHz, 2 mA)
B =500 --> beta considerado pra projeto
Pto operacao desejado aprox.: VCEQ =5 'CQ =500-10 °
Alimentacao e fonte de sinal: Vee =15 Vg := 50- 10 3 (pk-pk)

‘ﬁjf UniveRsiDADE ganho tensé&o desejado: ~ 200 --> 10 V pk-pk saida
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Rotina de projeto

Itera-se nos valores dos componentes até o projeto desejado:
(segundo as egs. de analise = sintese)

Selecdo dos componentes do circuito: Ve =15 Vg = 0.05
3 3 3 3
Rg1 = 150-10 Rgy = 12-10 Rc=1810 Rg =110
3 3
R =47-10 Rg:=22-10
C;=4710 ° C,=10-10 ° Cp=4710 °
Observa-se:

ﬁjf IC' VCEI A, Aeffl etc.
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Rotina de projeto

Equacbes da analise CC:

equiv. de Théwvenin:

V, V, RBZ 1.111 Vin >V, 1
th = VCC -+ th BE ~
Rg1 + R
Rp1-R
B1 B2
Ry = ————— = 11111 x 10°
Rp1 + R

analise de estabilidade: conferirse da >> 1

V, R

Vih _ 1852 E - = 45.00x 10°

BE Rin-(B + 1)
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Rotina de projeto

pto de operacgao:

Vi — V, conferido se esta
o= —m BE  _490024x 107° préximo do
Rih R ([3 + 1) desejado:
— + E. _
B B oo =500 10 °
Equacdes da analise CC: | Vi Vee I
C_aprox — Re -V
Vih — VBE _
= — ~ 998,047 x 10 °
Rin + Re(B + 1)
] 1
VCE = VCC - IC RC + RE 1+ E =5518 VCE > VCE_Sat =1

VCe aprox = Vee ~ Ic(Re + Re) = 5519

1
ﬁjf UNIVERSIDADE VE: |C(1+ BjRE:O.S
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Rotina de projeto

Equacdes da analise CA:

V- | r
T C
r_=—-p =25.298 x 103 = — =0.02 — =2277
T V. R
C T th

Ganho em malha aberta e impedancias do amplificador:

—Re 1 r_-R
A = cc = —355.757 Zin = n—th =7.72 x 103 Z

MW In

VT 7+ Rin
~(9pyRe) = —385.757

4
out = Rc = 1.8 10

Ganho efetivo: Zin RL

(com carregamento) A

=—-200.192

ff = A. :
Zin + Rg Zgyt + RL

R~R Z;
C™L in
‘ﬁ { S - — -200.192
J UNIVERSIDADE RC + RL Zln + RS
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Rotina de projeto

Amplitude (pk-pk) da tensdo de saida: Vg = 0.05 Vec=15 Vg gat =025

excursao do sinal:
s/ carga & s/ impedancia de sinal: =V, := |VS-A| =17.788 Ve + 05V, = 14911
grampeia sup. & inf. Ve — 05V = 2876
(corte & sat.)

R
c/ carga & s/ impedancia de sinal: V. = |V .A.—L =12862 V~+ 0.5V, = 12.449
grampeia sé inf. Ve~ 05V, =-0413
(so sat.)
¢/ carga & c/ impedancia de sinal:  V, = |VS'Aeff| =10.01 Ve + 05V, = 11.022
~ linear Ve - 05V, =1013
Conferindo dimensionamento dos capacitores de acoplamento: frin = 100
conferir se da >> 1
Ci Co Ce
=22.799 =81.778 = 29.531

-1 -1 -1
(27 fin Zin) ReRL (27 frjn'Re)
f Zn'fmin'—
J UNIVERSIDADE RC+ RL
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Rotina de projeto

o B =500
Solucao grafica: L e AN v S e S s s s s v, E AT
. ot |o -A-VSI
-6
VCE_saI IC(VCE ,1.50-10 -, B)
RCE sat = = 500978 6 ) 8x10 K ]
c IC(VCE, 1.25:10" ,[3) N\
pto de operacéo: ic\ VeE: 1.00-10_6, B) \
N il n
9 ] 6x10
Ig = 998.047 x 10 'C(VCE’O 75.107 ,;3) o
— 6 . -6
|~ =499.024 x 1 ( ,0.50-10 -, ) -
C 99.024 x 10 |C VCE 0.50-10 B 4510 4)) |
Veg = 5518 ic(vCE,o.zs-lo‘G, [3)
IC_R(VCE) 2)(10_4 % !
reta de carga: % \
O¥ | | | | | | | | | | | | | | | |
0

c rlveD): Ve~ Vee 123 45 6 7 8 9 1011 12 13 14 15 16 17 18
R\Veg) = ———— .
CRUC Rc+Rg eq. do BJT: CE

VCE

iclveeis-B) = |5 it Veg < Ree satiBB
ﬁ f CE_sat
J UNIVERSIDADE (14]
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Placa de circuito

Circuito construido em placa ilhada perfurada (perfboard):

Alimentagao

AMPLIFICADOR EMISSOR COMUM

Fonte de sinal




Medicao do ganho de corrente
dos BJTs

Dao LI (uA. mA
%03 \_BATT

classe B (BC548B)

LV (VP

ACV RANGE | 10 50 250 1000

| ADD db

01428 40
—

h,; = B =500

classe C (BC547C)
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Metodologia de medicao das
impedancias de entrada & saida

- AMPLIFICADOR

S

FONTE . WL CARGA
SINAL n Zowt | + RL

<i>A.\7i i ;

o

Para obter Z, : Para obter Z ,:
1. Mega v, ¢/ Rgnominal = v, 1. Megav, ¢/ R nominal 2 v,
2. Megav,c/Rs=2.Rg 2 v, 2. Megav,c/R =R /2> v,
3. Use arelagcdao entre as tensdes: 3. Use arelagao entre as tensodes:
Ri RL1
Vit > Vip Vit RitRgy Vo1> Vo2 Vo1 RurtRo

J EDER}\JLNII)\:E EEEEEEEE ) R|+ RSZ RL2+ RO




