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The Common-Collector Amplifier

Basic Circuit

Fig. 1 shows the circuit diagram of a single stage common-collector amplifier. The object is
to solve for the small-signal voltage gain, input resistance, and output resistance.
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Figure 1: Common-collector 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.
Ver VtRy+ V™ Ry
PP R+ Ry
VeEp =V~ Rer = Rp Voo =V™ Rece = Re

(b) Make an “educated guess” for Vgp. Write the loop equation between the Vzp and

the Vg nodes.

Rpp = Ri|| Ry

I I
Ve — Verg = IpRpp + Vg + IgRpEp = ECRBB + Ve + ECREE

(c) Solve the loop equation for the currents.
Ves — Ve — VBE
Rpp/B+ Rpp/a
(d) Verify that Vo > 0 for the active mode.

Ve =Ve — Ve = Voo — IcRec) — (Vee — IpReg) = Voo — Ve — Lo (Roc — Rei/ )

Ic = alp = BIp =
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Figure 2: 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.

Tib
RS l% r

out
Vs [~ R1IIR2}\\\ < v,
= Tin = RE RL
Figure 3: Signal circuit.
(b) Calculate g, 7r, re, and rq from the DC solution.
Io Vi Vr Va+Vor
DRSS L L

(c) Replace the circuits looking out of the base with a Thévenin equivalent circuit as
shown in Fig. 4.
Ry || R,

Up = Vg5
" "R, + Ri|| R

Ry = Ri[| Ry



b
Hﬁ) |9 r
out
"™ < .
0]
= RE RL

Figure 4: Signal circuit with Thévenin base circuit.

Exact Solution

(a) Replace the BJT in Fig. 4 with the Thévenin base emitter circuits as shown in Fig. 5.
Solve for ve(oc).

To + th/ (]- + ﬁ)
v rg+ R/ (14 )
Note that the Thévenin resistance R;. looking out of the collector is zero in the original
circuit. The exact solution gives the correct answer even if R;. # 0.

thz()

Ve(oc) = V

Figure 5: Base and emitter equivalent circuits.

(b) Solve for v,.

Vo = Ve(oo) REHRL — R1||R2 T0+th/ (1—1-5) REHRL
v+ Rp||RL CRs+ Ri||Ravl + 10+ Rie/ (14 B) rie + Ri|| Ry
ro = ro + Ry r,:Rtb+7’m+7’ﬂ:Rtb+T’m+T
g+ R/ (14 3) ‘ 145 1+ ‘

(c) Solve for the voltage gain.

v RillR ot Ru/(1+8)  Re|Rs
() Rs +R1||R2 7“:3 +7’0 —|—th/ (1 +6) Tie +RE||RL

A, =

(d) Solve for r,.

(1 + 6) To + th
To + Rte + th

Tin = Ri||Ra||ra Tib = Tg + Tr + Ry Ri. = Rg||RL



(e) Solve for 7,,.
Tout = rieHRE

(f) Special case for ry = oc.

/

Ve(oo) = Vi Tip =To+7r + (L+B)Rie  Tie =1,

Example 1 For the CC amplifier in Fig. 1, it is given that Rg = 5kQ, Ry = 120k,
Ry =100k, Rp = 5.6kQ, Ry, =20kQ, VTt =15V, V- = —-15V, Vg =0.65V, 8 =99,
a=0.99,r, =209, Va=100V and V;y = 0.025V. Solve for A,, rin, and 7yy;.

Solution. Because the dc bias circuits are the same as for the common-emitter amplifier
example, the bias values, r., g,,, and r, are the same. Because Vg is different, a new value
of rp must be calculated. The collector-to-emitter voltage is given by

Ip
1+

VCE = VC — VE = V+ — (VBB — RBB — VBE) =17.01V

Thus r¢ has the value
B Va+ Veg

= 55.93 k(2
OzIE

To

In the signal circuit, the Thévenin voltage and resistance seen looking out of the base are

given by
Ry|| R

~ Rs+ Ry||Ry
The Thévenin resistances seen looking out of the emitter and the collector are

Uy Vg = 0.916’05 Rtb = RS’”R]_HR2 = 4.58 k2

Rte - RE||R3 - 4375 kQ th - O

Next, we calculate 77, Ve(oc), Tie, and 3, where R, = 0.

Rtb+rx

/

= e — . Q

=g e =518
To—f—th/(].‘i‘ﬁ)

e(oc) — =0.999

o) S+ R/ (14 5) " o

Fie = 1" o+ Hee — 57.77Q)

Y g4 R/ (14 5)
(14 8)ro+ Ry

= 407 k2
To + Rte + th

Tip =Tz + (1 4+ B) e + Rye

The output voltage is given by

Ry

e
Vo = —————
Tie + Rte

Ve(oe) = 0.987 x 0.999 x 0.916v, = 0.903v;

Thus the voltage gain is
A, =0.903

The input and output resistances are given by

Tin = Rl”RQHT‘Z‘b =48.1 kO Tout — rieHRE”RL = 57029



Alternate Solutions

These solutions are exact because the Thévenin resistance R;. looking out of the collector is
zero. If R;. # 0, replace rg with an open circuit in all formulas, i.e. let 7 = oo In this case,
the solutions are no longer exact, they are approximate.

Emitter Equivalent Circuit Solution

(a) After making the Thévenin equivalent circuits looking out of the base, replace the BJT
with the emitter equivalent circuit as shown in Fig. 6.
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Figure 6: Simplified T model.

(b) Solve for 7.
I Rtb + Ty

re = 1—}—5

+ 7 Ry = Rgl||R1|| R

(c) Solve for v,.

nollBellRy B2 rof| Rell B
T’e+7“0|’REHRL SRS—FRlHRQTé—FToHREHRL

Vo = Vg

(d) Solve for the voltage gain.

gV _ MR ro| | Rel Ry
" vy Rs+ Ri|Rar’ +ro|[Re| Ry

(e) Solve for r;,. Because the base node is absorbed, use the formula for r;,.
Tin = Ri||Rallras Tip = o + (14 B) (re + 70| Ree) Ri. = Rgp|| Ry

(f) Solve for 7.
Tout = To||Te|| R

Example 2 Use the simplified T-model solutions to calculate the values of Ay, Tin, and 7oy
for Example 1.

A, =0.916 x 0.986 = 0.903
Tin = 48.51 k() Tout = D7.18 €2



7 Model Solution

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

(b) Solve for ..

!/
Ze

v = (R +7e+7r)+irol|Rel|RL = 1+5(Rtb+rx+r7r)+i/er()”REHRL
v Utp
= i, = Rtb+rm—|—rﬂ+r | Byl R
—1rg T rolfelf

(c) Solve for v,.

Uth

v = deroll Rill R = Ry +1o + 17 + 1ol Re| R rolfelfis
115 T lfElf
— Ry || Ry rol| Re|| R
N SRS+R1HR2 Rtb+7'z+7'7r
—_— Rp||R
155 + 7ol Rel| Ry
(d) Solve for the voltage gain.
g Vo MR rol| Rel Ry
v Vg N R5+R1HR2 Rtb+rx+r7r
_— Rp||R
15 5 + 7ol Rell R

(e) Solve for r; and r,.

vy = U (ry+ 1) +iurol|Rel||Re = iy (1p +72) + (14 B) iyrol| Re|| Re
iy [r2 +1r + (1 + 8) rol| Re|| R
U

Tip = Z_b =71 +7r:+ (1 +5) TOHREHRL
b



Tin = RlHRzHﬁ'b
(f) Solve for r,,.First, solve for the open-circuit output voltage. This is the output
voltage with R = oo.
v _ T OHRE
o(oc) Uth Ry + 7y +7r
1+
Next, solve for the short-circuit output current. This is the output current with R, = 0.
The output current is given by

+T0||RE

;Yo _ Vi rol|Re||Rp Vg 1ol Re
o = = =
RL Rtb+rx+rﬂ RL Rtb+T$+TTI' RL‘I—T()HRE
———— +rg||Re||R ———— + 19| Re|| R
155 ol RellRr 155 ol Rell Ry
Now, let R;, = 0 to obtain
. . Utp
0T Ry 4 F 1
1+
The output resistance is given by
Uo(oc) To ||RE Rtb + Ty + T'r Rtb + Ty + Tz
Tout = ~ = = HTOHRE
—l‘f'ﬁ ol L1k

Note this is simply 77||7o|| Rg, an answer that is obvious using the emitter equivalent circuit.

Example 3 Use the m-model solutions to calculate the values of A,, Tin, and oy for Example
1.

A, =0.916 x 0.986 = 0.903
Tin = 48.51 k() Tout = D7.18 €2

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. 8.
(b) Solve for ..

, . e ,
Uy = Zb(Rtb—FTx)+Zfa(7”e+7‘0||RE||RL):1+6(RthFTx)+Z;(T€+T0||REHRL)
. Uth
e ’L,:
¢ Ryt
th—i-Te—l—T()HREHRL
(c) Solve for v,.
‘ v
vo = iLrol|RpllRy = = rol Rel| Ry
Rtb+rx
T+T6+To|IRE||RL
_ Ry || Ry roll Rel|Rr
PR, + Ry||Ry Ry + 72
+ Bl » S r || R R
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Figure 8: T model circuit.

(d) Solve for the voltage gain.

gV _ TR rol| Re| Ry
° Us R3+R1||R2 Rtb""rx

g

+’f‘e +T0||REHRL

(e) Solve for 7y and 7,.

Vp = ibTI+iIe(Te+To|’RE"RL):ibTI+(1+ﬁ)ib(T6+Tg‘|RE||RL)
= Gp[re + (14 5) (re + ro||Re||RL)]

v
Ty = Z—: =71y + (14 ) (re + 70| Re||RL)

Tin = RlHR2HTib

(f) Solve for r,,. First, solve for the open-circuit output voltage. This is the output
voltage with R, = oo
v rol| R

Ry + 17y

B

Next, solve for the short-circuit output current. This is the output current with R;, = 0.
The output current is given by

Vo(oc) =
+re+710||RE

i _ Y Uth 0| Rel| Ry . Uth 1ol RE
o R; - Ry +rs R; - Ryt RL—FT()HRE
— =+ r. +1ol|Re||R ——— +rero||Re|| R
115 ol BellRr 113 ol BellRr
Now, let R;, = 0 to obtain
. _ Vtb
lo(sc) = Rtb +r, N
1+
The output resistance is given by
/UO oc R R R
Tout = ; (00 _ 7 +r7‘0|| E ( ib:;c —I—Te> = (—{b_:_gx —i—?“e) 7ol R
ofse) T T 4 4 olR
1+6 e 0|| E



This is the same answer obtained from the emitter equivalent circuit.
Example 4 Use the T-model solutions to calculate the values of Ay, Tin, and roy for Ex-

ample 1.

A, = 0.916 x 0.986 = 0.903
Fon = 48510 1oy = 57.18Q



