The Common-Base Amplifier

Basic Circuit

Fig. 1 shows the circuit diagram of a single stage common-base amplifier. The object is to solve
for the small-signal voltage gain, input resistance, and output resistance.
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Figure 1: Common-base 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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Van = Rpp = R1||R
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Ve =V~ Ripe = REg Voe=VT Rce = Re

(b) Make an “educated guess” for Vpg. Write the loop equation between the Vpp and the Vg
nodes. To solve for I, this equation is

Ic

Vep —VErg = IpRpp + Ve + IEREE = 3

I
Rpp + VBE + ECREE

(c) Solve the loop equation for the currents.

Ve — VEE — VBE

I = ole — BIn —
¢ =oalp=plp Rpp/B+ Rpp/«

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

Ve =Veo — Ve = (Voo — IcRec) — (VB — IBRBB) = Voo — Ve — Ic (Rec — Rer/fB)
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Figure 2: DC bias circuit.

Small-Signal or AC Solutions

(a) Redraw the circuit with V' =V~ = 0 and all capacitors replaced with short circuits as shown

in Fig. 3.

Figure 3: Signal circuit.

(b) Calculate gm, 7, re, and 79 from the DC solution..

Ic _Vr _Vr  Va+ Ve
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(c) Replace the circuits looking out of the base and emitter with Thévenin equivalent circuits
as shown in Fig. 4.
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Figure 4: Signal circuit with Thévenin emitter circuit.

Exact Solution

(a) Replace the BJT in Fig. 4 with the Thévenin emitter circuit and the Norton collector circuit
as shown in Fig. 5.
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Figure 5: Emitter and collector equivalent circuits.

(b) Solve for i)
REg
meUs 75— 5
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" Rie+rillro ro+l T 1+

ic(sc) = —Gmevte = -G

(C) Solve for v,.
v Rg
Gme sR Ry

To +Te“Rte
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Vo = —ic(sc)Tic||RC||RL = 7"chRCHRL

Tic =
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(d) Solve for the voltage gain.

) Rg
Av:_O:—GmeicR R
o~ Tt Ry meriel ol R
(e) Solve for 7.
ro + Ry
Tin = R1||Ra2||74e Tie =T, 0 :

" ¥ 1o+ Reo/ (1+ B)

(f) Solve for ryys.
Tout = ricHRC

Example 1 For the CB amplifier in Fig. 1, it is given that Rs = 1000, Ry = 120k2, Ry = 100k2,
Rc = 4.3kQ, R = 5.6kQ, R3 = 10090, Ry, = 20k, VT =15V, V- = —15V, Vg = 0.65V,
6=99, a=0.99, r, =209, V4 =100V and V7 = 0.025V. Solve for A,, Tin, and Toyt.

Solution. Because the dc bias circuit is the same as for the common-emitter amplifier example,
the dc bias values, re, gm, 7z, and g are the same.
In the signal circuit, the Thévenin voltage and resistance seen looking out of the emitter are

given by
REg

~ R.+ Rp

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

v = 0.98250, Ry = Ro||Rp = 98.25Q

Vte

Ry =0 Ry = Re|Rp = 3.539kQ

/
Next, we calculate 7, Gpe, Tic, and 7.

Ry + 7 1 arg + 1 1

/ tb x 0 e

ST 212030 G = =

Te 1+ +Te " Rye +1l|ro o + 7 111.4
70 + 70| Rie ro + Ryc

= 442.3 k) Tie = T =12.83Q2

" ¥ 1o+ Reo/ (L+ B)

Tic =
e 1-— OéRte/ (7“(/2 + Rte)
The output voltage is given by

R
Vo = Gme (Tz'cHth) Vte = Gme (Tz’cHth) rERE'Us = 30.97v;

Thus the voltage gain is
A, =30.97

The input and output resistances are

Tin = Ry||Ra|lrip = 12.81Q  rour = 1ic||Ro = 4.259 k)

Approximate Solutions

. . . . . y y .
These solutions assume that ro = oo except in calculating r;.. In this case, iy(se) = i, = ai, = Bip.



Figure 6: Simplified T model circuit.

Simplified T Model Solution

(a) After making the Thévenin equivalent circuits looking out of the base and emitter, replace the
BJT with the simplified T model as shown in Fig. 6.
(b) Solve for i, and 7.

!
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(c) Solve for v,.
vo = —i'riel Rell Ry, = v ric| Re | By, = v @ RO|IR
o — clic C L — teré_i_Rtezc C L — SR5+RETé+RteZC C L
(d) Solve for the voltage gain.
Vo R, o
Y Us Rs + RE ré+RteTZC|’ CH L
(e) Solve for 7. and 7.
0—ve = ilrl, = i, = ——2
Te
oz Ve
e —Z’e e
Tin = 1e||RE

(f) Solve for ryy;.
Tout = ricHRC

Example 2 For Example 1, use the simplified T-model solutions to calculate the values of Ay, Tin,

and 7oyt -



A, =0.9825 x (8.978 x 107%) x (3.511 x 10°) = 30.97
Tin = 120 Tout = 4.259 kQ)

7 Model Solution

(a) After making the Thévenin equivalent circuits looking out of the base and emitter, replace the
BJT with the m model as shown in Fig. 7.
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Figure 7: Hybrid-m model circuit.

(b) Solve for i/, and 7.
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(¢) Solve for v,.
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(d) Solve for the voltage gain.
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(e) Solve for 7oyz.
Tout = ricHRC



(f) Solve for r;e and r4,.
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Example 3 For Example 1, use the w-model solutions to calculate the values of Ay, Tin, and royt

A, =0.9825 x (8.978 x 107%) x (3.539 x 10°) = 30.97
Tin = 120 Tout = 4.259k)
T Model Solution

(a) After making the Thévenin equivalent circuits looking out of the base and emitter, replace the
BJT with the T model as shown in Fig.??.

Figure 8: T model circuit.

(b) Solve for i, and 7.

0 — Ve = Ty + iy, (Te + Rie) = Sra +
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(c) Solve for v,.
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(d) Solve for the voltage gain.

(e) Solve for 7;e and 7,.
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(f) Solve for ryy;.
Tout = 7nicHRC

Example 4 For Example 1, use the T-model solutions to calculate the values of Ay, Tin, and Toyut.

A, =0.9825 x (8.978 x 107%) x (3.539 x 10°) = 30.97
Tin = 120 Tout = 4.259k)



