BJT Single Stage Amplifier Circuits
ECE 3050 — Analog Electronics

The Common-Emitter Amplifier

The common-emitter amplifier is used to obtain a high voltage gain and a high input resis-
tance. The circuit in Fig. 1(a) shows the ac signal circuit. The input source is represented
by a Thévenin equivalent connected to the base. The output is taken from the collector. We
assume that the dc bias solution is known and that the BJT is biased in its active mode.
The small-signal parameters 7., 1/, and ry are given by
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Figure 1: (a) Ac signal circuit of the common-emitter amplifier. (b) Equivalent input and
output circuits.

The circuit in Fig. 1(b) shows the equivalent input and output circuits. The collector
output voltage is given by
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It follows that the voltage gain from vy, to v, is given by
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Note that the voltage gain is negative. This means that the CE amplifier is an inverting
amplifier.
The output resistance seen looking into the v. node is
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The input resistance seen looking into the v, node is
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When the ry approximations are used, G,,, and r;, are replaced with
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Example 1 Fig. 2 shows the circuit diagrams of NPN and PNP single-stage CE amplifiers.
For each circuit, it is given that Rg = 5k, Ry = 120k, Ry = 100kS2, Rc = 4.3k(),
Rp = 5.6k, R3 = 1009, Ry = 20kQ, VT =15V, V- = —-15V, Vg = 065V, 8 = 99,
a=0.99, r, =20Q, V4 =100V and V;r = 0.025V. Solve for the gain A, = v,/vs, the input
resistance r;,, and the output resistance r..:. The capacitors can be assumed to be ac short
circuits at the operating frequency.

Figure 2: Single-stage CE amplifiers.

Solution. For the dc bias solution, replace all capacitors with open circuits. For the NPN
circuit, the Thévenin voltage and resistance seen looking out of the base are
VTR, + V™ Ry
Vg =
Ry + Ry

=—1.364V  Rpp = Ri||Ry = 54.55k)



The Thévenin voltage and resistance seen looking out of the emitter are Vg = V'~ and

Rrr = Rg. The bias equation for I is

_ Vg — Veg — ViE
Rpp/(1+B) + Reg

To test for the active mode, we calculate the collector-base voltage

1
Ve =Vo — Vg = (VJr — OéIERC’) — <VBB — ﬁRBB) =8.521V

Ig = 2.113mA

Because this is positive, the BJT is biased in its active mode.
For the small-signal ac analysis, we need ry and r.. To calculate ry, we first calculate the

collector-emitter voltage
Vee =Veog + Ve =9.171V

It follows that ry and r, have the values

o = VatVes _ 1510 r, = Y _ 11830
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For the small-signal analysis, V™ and V'~ are zeroed and the three capacitors are replaced
with ac short circuits. The Thévenin voltage and resistance seen looking out of the base are
given by

Ry|| Ry
Rs + Ri|| R

The Thévenin resistances seen looking out of the emitter and the collector are

= 09160, Ry = Rg|Ri|| Ry = 4.58kQ

Utp = Vs

Rie = Rg||Rs = 98.25Q Ry = RoR|, = 3.539k

Next, we calculate 7, Gy, Tic, and 7.
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The output voltage is given by

Vo = =G (Tic|| Ric) vio = —Gp (Tic|| Rie) X 0.9160, = —20.04v;
Thus the voltage gain is A, = —20.04. The input and output resistances are given by
Tin = RlHRQH’f‘ib = 8.73 k2 Tout = th = 3.539 k()

The solutions for the PNP amplifier are the same as for the NPN circuit.
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Example 2 If the rq approximations are used, calculate the mew voltage gain and input
resistance for the CE amplifiers.

Solution. Only G,,;, and r; change. The approximate values are given by

GmbgGm_ c
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The new voltage gain and input resistance are given by
Av = —Gm (ricHth) x 0.916 = —20.05 Tin = RlHRQH’f’Z‘b = 9.173k2

Note that there is very little change in the value of A,,.

The Common-Base Amplifier

The common-base amplifier is used to obtain a high voltage gain and a low input resistance.
The circuit in Fig. 3(a) shows the ac signal circuit. The input source is represented by a
Thévenin equivalent connected to the emitter. The output is taken from the collector. We
assume that the dc bias solution is known and that the BJT is biased in its active mode.
The small-signal parameters 7., 1., and ry are given by
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Figure 3: (a) Ac signal circuit of the common-base amplifier. (b) Equivalent input and
output circuits.

The circuit in Fig. 1(b) shows the equivalent input and output circuits. The collector
output voltage is given by

Ve = _Z'c(sc) (TicHth) = Gmevte (TicHth)

It follows that the voltage gain is given by

Ve
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Note that the voltage gain is positive. This means that the CB amplifier is a non-inverting
amplifier.
The output resistance seen looking into the v, node is

Tout = /ricHth
The input resistance seen looking into the v, node is

/ To-'-th
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When the ry approximations are used, G, and ;. are replaced with

«

Gme = Gm P E—
Té—i-Rte

!/
Tieﬁ’f’e

Example 3 Fig. 4 shows the circuit diagrams of NPN and PNP single-stage CB amplifiers.
For each circuit, it is given that Rg = 10082, Ry = 120k, Ry = 100kS2, R = 4.3k(,
Rp = 5.6k, Ry = 1009, Ry, = 20k, VT =15V, V- = —-15V, Vg = 0.65V, 8 = 99,
a=0.99,r, =209, V4 =100V and V; = 0.025 V. Solve for the gain A, = v,/vs, the input
resistance r;,, and the output resistance r..;. The capacitors can be assumed to be ac short
circuits at the operating frequency.

Solution. Because the dc bias circuits are the same as for the common-emitter amplifiers,
the bias currents and voltages are the same. In addition, r. and ry are the same.

For the small-signal analysis, V™ and V'~ are zeroed and the three capacitors are replaced
with ac short circuits. The Thévenin voltage and resistance seen looking out of the emitter

are given by

Rg
Upe = Vs————— = 0.9825v;, Ry = Rg||Rg = 98.250
¢ Ret s te = Rs|| Re

The Thévenin resistances seen looking out of the base and the collector are
Rtb - O th - RCRHL - 3539 kQ
Next, we calculate 7., G e, Tic, and 7.
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Figure 4: Single-stage common-base amplifiers.



S o+ ’f’éHRte
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= 442.3 k2

=12.83Q2
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The output voltage is given by
Vo = Gume (Tic|| Ric) Ve = Gme (Tic]| Ree) X 0.9825v5 = 30.97v,
Thus the voltage gain is A, = 30.97. The input and output resistances are given by
Tin = Ri||Rz||rp = 12.81Q Tout = Rie = 4.259 k)
The solutions for the PNP amplifier are the same as for the NPN circuit.

Example 4 If the rq approximations are used, calculate the mew wvoltage gain and input
resistance for the CB amplifiers.

Solution. Only G,,. and r;. change. The approximate values are given by

« 1
v+ R 1114

Ge >~ G,y = S Tie = 1, = 12.03k2

The new voltage gain and input resistance are given by
AU = Gm (ricHth) x 0.9825 = 30.97 Tin = REHrie =120

To 4 significant places, there is no change in the value of A,.

The Common-Collector Amplifier

The common-collector amplifier is used to obtain a voltage gain that is approximately unity
and a high input resistance. The circuit in Fig. 5(a) shows the ac signal circuit. The input
source is represented by a Thévenin equivalent connected to the base. The output is taken
from the emitter. We assume that the dc bias solution is known and that the BJT is biased
in its active mode. The small-signal parameters 7, 1., and rq are given by

_ﬁ ,_Rtb+Tx+ _VA_'_VC'E

Te = r, = Te T
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The circuit in Fig. 1(b) shows the equivalent input and output circuits. The emitter

output voltage is given by
e — Ve(oc) Too + Rte
where
To + th/ (1 + 6)
"1 470+ Rie/ (14 5)

It follows that the voltage gain from vy, to v, is given by

A :E: Rte T0+Rt6/(1+6)
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Figure 5: (a) Ac signal circuit of the common-collector amplifier. (b) Equivalent input and
output circuits.

where
/ To + th

“re 1o+ Rie/ (14 5)
Note that the voltage gain is positive. This means that the CC amplifier is a non-inverting

amplifier.
The output resistance seen looking into the v, node is

Tie =T

Tout = /rieHRte
The input resistance seen looking into the v, node is

(]_ + 6) To + th
To + Rte + th

Tip =Te + (1 4+ 8) re + Ree
When the ro approximations are used, ve(o), Tie, and 7 are replaced with
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Example 5 Fig. 6 shows the circuit diagrams of NPN and PNP single-stage CC amplifiers.
For each circuit, it is given that Rg = 5k, Ry = 120kS), Ry = 100kS2, Rg = 5.6k(),
Ry = 1009, Ry, = 20k, Vt =15V, V- = =15V, Vgg = 0.65V, 8 = 99, a = 0.99,
ry =209, V4 =100V and Vi = 0.025 V. Solve for the gain A, = v,/vs, the input resistance
Tin, and the output resistance rq,:. The capacitors can be assumed to be ac short circuits at
the operating frequency.

Solution. Because the dc bias circuits are the same as for the common-emitter amplifiers,
the bias currents and voltages are the same. In addition, r. is the same. Because Vg is
different, a new value of ry must be calculated. The collector-to-emitter voltage is given by
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Figure 6: Single-stage common-collector amplifiers.

Thus r¢ has the value
B Va+Ver

= 55.93k2
O./IE

To

For the small-signal analysis, V™ and V'~ are zeroed and the three capacitors are replaced
with ac short circuits. The Thévenin voltage and resistance seen looking out of the base are

given by
Ry Ry

Rs+Rl||R2

The Thévenin resistances seen looking out of the emitter and the collector are

= 09160, Ry = Rg|Ri|| Ry = 4.58kQ

Utp = Vs

Ri. = Rp||R3 = 4.375kQ2 R, =0
Next, we calculate 77, Ve(oc), Tie, and 7.
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+r. =57.8312

= 0.999vy,
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The output voltage is given by

Rte o Rte
o) Tie + Rte B Tie + Rte

Vo = Vg( x 0.999 x 0.916v5 = 0.903v,

Thus the voltage gain is A, = 0.903. The input and output resistances are given by
Tin = RIHRQHTib =48.1 k2 Tout = TieHREHRL = 5702Q
The solutions for the PNP amplifier are the same as for the NPN circuit.

Example 6 If the rq approrimations are used, calculate the new voltage gain and input
resistance for the CB amplifiers.

Solution. In this case, ve(o), Tie, and ry change. The approximate values are given by
Ve(oc) = Vth = 0.916v, Tie =~ ’I“; = 57.831)

rip =1y + (L4 B) (re + Rie) = 438.7kQ
The new voltage gain, output resistance, and input resistance are given by

Rte
A, = —— x0.916 = 0.904 out = Tie|| Re||Rr = 57.08 Q2
Tie + Rte 8 Fout " H EH r

Tin = REHTie =48.51 k2

These answers are close to those for the exact solution.
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