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Various BJT Circuilts

* MULTIPLE BJT NETWORKS
* CURRENT MIRRORS

* CURRENT SOURCE CIRCUITS
* Bipolar Transistor Constant-Current Source
* Transistor/Zener Constant-Current Source

* PNP TRANSISTORS
* TRANSISTOR SWITCHING NETWORKS



Multiple BJT Networks (1 of 6)

e R-Ccoupling

;

i

FIG. 4.64
R-C coupled BJT amplifiers.

FIG. 4.65
DC equivalent of Fig. 4.04.




Multiple BJT Networks (2 of 6)

* Darlington configuration
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Darlington amplifier. DC equivalent of Fig. 4.66,




Multiple BJT Networks (3 of 6)

* Cascode configuration
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Cascode amplifier.
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FIG. 4.69
DC equivalent of Fig. 4.68.

T E &
R3§ - 1 — oV
"
N

*—a Ilrr":'|
.

fﬁl = 'IH_? = !H.I el 'IH]'DI";H:
Ve = Rs v
BT R+ R+ Ry € Ve, = Vg, — Vi
(R, + Ry) Ve, = Voo — IeRe
lir"'rg_| - V{'{'
- R] + RE + R3
Ve, L ) Voo
- B = R TR T R A Ry + Ry
Ve, = Vg, — Vg,
Ic,
Ve, = Vi, = Vg, Iy, = ﬁ_
i :
Vg — Vg ]
fe, = lp, = e = e = | —
: = R; LBy




Multiple BJT Networks (4 of 6)

* Feedback Pair
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FIG. 4.70

Feedback Pair amplifier.

FIG. 4.71

DC eguivalent of Fig. 4.70,
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Multiple BJT Networks (5 of 6)

* Direct Coupled
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Direct-coupled amplifier. DC equivalent of Fig. 4.72.
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Multiple BJT Networks (6 of 6)

In this case,
Ry, = 33k0 [ 10k = 7.67k0
10 k(14 V)
and ™ oka £ 3kn Y
326V — 07V
so that I8 = 76750 + (100 + 1) 22k0)
256V
T 2202k0)
= 1117 pA
with Ie, = Blg,
= 100 (11.17 pA)
= 1.12mA
In Fig. 4.73 we find that
Ve, = Voo — IcRc

= 14V — (L.12 mA)6.8 ki})
= 4V — 762V
=638V

and Ve, = Ve, — Vig,
=638V - 07V
= 568V
resulting in
Ve,
Ig = —
_ 368V
1.2 ki}
= 4.73mA
Obviously,
Ve, = Vero
= 14V
and Veg, = Ve, — Vi,

Vee, = Voo — Vi

= 14V — 568V

= 832V



Current Mirrors (1 of 2)
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FIG. 4.74
Current mirror using back-to-back BJTs.
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Current Mirrors (2 of 2)
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FIG. 4.78
Current mirror circuit with higher output
impedance,
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Current Source
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FIG. 4.81

Discrete constant-current sonrce.
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Constant-current circuil using Zener
dicde.
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Current Source Circuits (2 of 2)

EXAMPLE 4.30 Calculate the constant current [ in the circuit of Fig. 4 84,

I”I

1.8 kf2

+
Iﬁ.ﬁ\r

2.2 kL)

a
-3V

FlG. 4.8
Constant-current circuil for Example 4.30.

Ve — Vg 62V — 07V
Eq. (483 1=——2E— = 306 mA = 3mA
Re 1.8k
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PNP Transistors (1 of 2)

* The analysis thus far has been limited totally to npn transistors.

-Vee
* Fortunately, the analysis of pnp transistors follows the same
pattern established for npn transistors. - ;E
* In fact, the only difference between the resulting equations for Ry +
a network in which an npn transistor has been replaced by a + i
pnp transistor is the sign associated with particular quantities. l_ *
+ —
~IeRg + Ve — IgRg + Ve = 0 Vir — _
Rg
Vee + Vig -
b= R F B+ R b,
B E -

FIG. 4.85
pPRp Lransistor in an eniiter-
stabilized configurarion.

Ver = —Viee + Ie(Re + RE)
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PNP Transistors (2 of 2)

EXAMPLE 4.31 Determine V¢ for the voltage-divider bias configuration of Fig. 4.86.

4T kil
10 uF 5 Write the
Vv o .
! equations
of solution

FlG. 4.86

pnp fransistor in a vollage-divider bias configuration.
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Transistor Switching Networks (1 of 3)
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Transistor Switching Networks (2 of 3)

EXAMPLEA.32 Determine Ry and R~ for the transistor inverter of Fig. 4 901f [ = 10mA.

v
10Ny
_lov 0v_
T
Solution: At saturation,
Vee
Ie = —
o R{'
10V
and 10 mA = ——
Re
10V
so th Ry = = | kil
%0 that r 10 mA
At saturation,
; Ie, 10mA 10 A
= —1 ==
B= Be 250 K
Choosing Iz = 60 pA to ensure saturation and using

A

I
E Rs

Vee= 10V

10 v 10w

0w

il

we obtain
_ Vi— 0TV 1OV - 09V

= 155k(}
& Ig 60 A
Choose Rz = 150 k{}, which is a standard value. Then
Vi— 07V 10V —0T7V
Ry 150 k(2
Ie
and Ig = 62 uA > — = 40 uA
Bac

Therefore, use Ry = 150k{} and R~ = 1 k{l.

1/



FIG. 4.88

Saturation conditions and the resulting

terminal resistance.

R ==>2 ‘/(.[.“N.’ll
sat —
I(ﬁxul
cy
", R=0Q
= |
4
K
E

Transistor Switching Networks (3 of 3)

FIG. 4.89

resistance.

Using a typical average value of Vg such as 0.15 'V gives

5 Vee, 0.15V SaiEs
. —— — — ._ . )
o Ie,  6.1mA
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cutoff fr'ﬁ'r} 0 mA
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Cutoff conditions and the resulting terminal
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Troubleshooting Techniqgues

* For an “on” transistor, the voltage V¢ should be in the neighborhood of 0.7 V.

* For the typical transistor amplifier in the active region, V is usually about 25%

to 75% of V.

= LTV S
= 03V Ge
= 1.2V GaAs
0.3 V = saturation
Cco = - 0 V = short-circuit state
@ Or poor connection
4+ - Normally a few volts
\’( s or more
E + -
Checki F;:qu? § ol of V, FIG. 4.93
teciing ife dc level of ¥ pE. Checking the dc level of V.

V(j(j = 20 V

+
Ic =0mA ‘ Re V=0V

“-\
Open
—
conncc/(ion ]
ﬁ/ > -
20 V|
|

FIG. 4.94
Effect of a poor connection or
damaged device.
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FIG. 4.95
Checking voltage levels with respect
to ground.
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