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The Common-Emitter Amplifier

Basic Circuit

Fig. 1 shows the circuit diagram of a single stage common-emitter amplifier. The object is to solve
for the small-signal voltage gain, input resistance, and output resistance.

Figure 1: Single-stage common-emitter amplifier.

DC Solution

(a) Replace the capacitors with open circuits. Look out of the 3 BJT terminals and make Thévenin
equivalent circuits as shown in Fig. 2.
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(b) Make an “educated guess” for Vpg. Write the loop equation between the Vpp and the Vgg

nodes.
Ic

I
Rps + Vee + —Rgp
8 a

Vs — Ve = IpRpp + Ve + IgRpE =
(c) Solve the loop equation for the currents.

Ve — VEE — VBE
Rpp/B+ Rpp/«

Ic =alp =plp =

(d) Verify that Vop > 0 for the active mode.

Ve =Veo — Ve = (Vec — IcRce) — (Ve — IBRBB) = Voo — Vee — 1o (Rcc — ReB/B)
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Figure 2: Bias circuit.

Small-Signal Solution

It will be assumed that the base spreading resistance r, is non zero. This is a resistance in series

with the base lead in the small signal models.
(a) Redraw the circuit with V™ = V=~ = 0 and all capacitors replaced with short circuits as

shown in Fig. 3.
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Figure 3: Signal circuit.
(b) Calculate g, 7z, 7e, and rg from the DC solution.
_ Tr = Vr Te = Vr ro = VatVer
gm—VT ﬂ—IB e—IE 0— IC

(c) Replace the circuits looking out of the base and emitter with Thévenin equivalent circuits

as shown in Fig. 4.

Ry||Ry
Rs + R1||R2

(a) Replace the BJT in Fig. 4 with the Thévenin base circuit and the Norton collector circuit

Ry = Rs||Ri|R2 ve=0 R = Rg|Rs

Uth = Us

as shown in Fig. 5.
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Figure 4: Signal circuit with Thévenin base circuit.

Figure 5: Base and collector equivalent circuits.



(b) Solve for G,. '
G = Lelo0) ox b !
m Vth Vth Ry + 1y 1 Rie
B 9m &

(c) Solve for the voltage gain A, = v,/vs. A flow graph is shown in Figure 6.
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Figure 6: Flow graph for the voltage gain.
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(d) Solve for 7yy;.

+ BRte
Rtb + 7+ + Rte

Tout = TicHRC Tic =To <1 > + (Rtb + 71y + Tﬂ') ||Rt€

(e) Solve for 7;,.

Tin = Ri1||Ra||Ti rib =Tz +rr + (1 + B) (Re||Rs)

Second Small-Signal Solution for A,

The voltage gain can be written

. .,
v v Gy 4 Vo Ry|| Ry 1
Ay =2=2x L x Etx 2= X X B x — (ric||R
Ywg ws o wy iy il Rs+ Ri||Re T Ry +ra b (Tiell )
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Third Small-Signal Solution for A,

The voltage gain can be written

. .
Vo Uty le ? Vo R1HR2 1
Ay=—==-"=X—= X=X = X X a X — (ric|| R
! Vs Vs (%) le ’1,2 RS + R1||R2 Tie + Rte ( ZCH tc)

Example 1 For the CE amplifier of Fig. 1, it is given that Ry = 5kS), R1 = 120k2, Ry = 100kS2,
Rc = 43kQ, R = 5.6k, R3 = 1009, R, = 20k, VT =15V, V- = —15V, Vg = 0.65V,
ry =209, =99, a =0.99, V4 =100V and Vp = 0.025V. Solve for the gain A, = v,/vs, the
mput resistance ri,, and the output resistance rou. The capacitors can be assumed to be ac short
circuits at the operating frequency.

Solution. For the dc bias solution, replace all capacitors with open circuits. The Thévenin
voltage and resistance seen looking out of the base are
VIR +V Ry

Vgp = ——————— = —1.364V Rpp = Ri||R2 = 54.55k2
BB R1+R2 BB IH 2



The Thévenin voltage and resistance seen looking out of the emitter are Vg =V~ and Rggp = Rg.
The bias equation for Ig is

Vs — VeE — VBE Ig
Ip = =2.113mA Ic = alg = 2.092mA Ip = =21.13 uA
¥ Rpp/(1+B) + Rep " T BT1¥8 :
To test for the active mode, we calculate the collector-base voltage
I
Vep =Vo— Ve = (VT —alpRe) — <VBB - ﬁ333> = 8.521V

Because this is positive, the BJT is biased in its active mode.
For the small-signal ac analysis, we need r9 and r.. To calculate rg, we first calculate the

collector-emitter voltage
Ver =Vop + Ve =9.171V

It follows that rg, gm, 7x, and 7. have the values

 Va+Ver I 2092 1
ro= o, R gm = pr = —em = e
Ve Ve 99x25 W

=L _PT —1.183kQ 7o = L =11.830Q
Ty T I 2113 83 T Iy

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

R1||R2

M2 = 09160, Ry = Ry|[Ry|| Ry = 4.58k02
"R+ Ril[ R, ! o = B[ B[ Rz

Uth =
The Thévenin resistances seen looking out of the emitter and the collector are
Rie = Rg||Rs = 98.25Q Ric = Re||Rr, = 3.539k2

Note that the base spreading resistance 7, is not zero for this problem. Next, we calculate Gy,
Tic, and 7.

1 1 1
G = = = S
m= R ¥r. 1 R. 1580120 9825 ~ 157.7

Rptre 1 o T 111834 22
5 Tt 99 TH T Tog
BRte
(1 R ) | Ree = 138.6 kO
e TO( +Rtb+rl‘+rﬂ'+Rt€ +< tb+r$+r)|| e

rib =Tz +rr + (1 4+ B) Ree = 11.03 k2
The voltage is

Uo R1||Ro
Ay, = — = ———— X Gy X — (1ic|| Rie) = 0.916
o Rt Ry < Cm ¢ el te) X

e % — (138.6K][3.530K) = —20.05

The input and output resistances are

Tin = R1||R2||Tib = 0.173k2 Tout = TZ‘CHRC =4.17kQ)



