CE - CC Amplifier Example

For the circuits in the figure, it is given that V™ =10V, V~ = —10V, R, = 5kQ, R; = 100k,
Ry = 120k, Rp1 = 2kQ, R3 = 51Q, Ro = 2.4kQ, Rgs = 2kQ, Ry, = 1kQ, Vgg = 0.65V,
Vi =0.025V, a =0.99, 8 =99, r, =208, and rg = 50k{). The capacitors are ac short circuits
and dc open circuits.

DC Solution

The dc solution for @)q is the same as for the CE amplifier and is repeated. To solve for Ig1,
replace the capacitors with open circuits. Look out the base and form a Thévenin equivalent circuit.
We have

Vi — VIRy+V Ry _ 120k B 100k _ 10
R+ Ry 100k + 120 k2 100 k2 + 120 k2 11

Rpp1 = Ri||Re =100kQ|120kQ = 54.55 k(2

Vepr = V- =-10

Rgp1 = Rg =2kQ

The emitter current in ()7 is given by

V1 — Vel — VEE1 10/11—0.65— (—10)
I = = = 4.031 mA
B Repi/ L+ B) + Repp 54.55kQ/ (1 + 99) + 2k o

The ac emitter intrinsic resistance of ()1 is

Vr 25mV

— = —-=6.202Q
IEl 4.031 mA

Tel =

Look out of the base and emitter of ()2 and form Thévenin equivalent circuits. We have

Veps = VT —alpiRcr =10 —0.99 x 4.031 mA x 2.4k = 0.4223 V
Rpps = 2.4KkQ

VeEpa = V7 =-10V

Rep2 = Rpg2 =2kQ

The emitter current in ()2 is given by

Vees — VBE2 — VEE2 . 0.4223 — 0.65 — (—10)

Ty — _ — 4.828 mA
B2 = Repa/ U+ B) + Reme  24KkQ/ (11 99) + 2k m




The ac emitter intrinsic resistance of ()9 is

Vr 2bmV

Tpy  4.828mA 51784}

Te2 =

AC Solution - Method 1
Zero the dc supplies and short the capacitors. Look out the base of ()1 and make a Thévenin
equivalent circuit. We have

o BBy 100kQ[I20KD v ol
"Rs+ Ri||R2 °5kQ+100kQ(120kQ  1.092 B
Ry = R||Ri||R2 = 5kQ[|100kQ||120 k2 = 4.580 k(2

The Thévenin equivalent circuit looking into the i, branch is vy in series with 77;, where

y_ R +rm1 ~ 4.580k + 20

- - 6.202 = 52.20 0
T =T, e Tr99

The resistance looking out of the emitter of )y is
Rie1 = RE||R3s = 2kQ||51 = 49.73Q

The resistance looking into the collector of @) is

ro1 + e[| Reer B 50 kQ + 52.20|49.73
1 — a1 Reer/ (r'y + Rie1)  1—0.99 x 49.73/ (49.73 + 52.20)

e

= 97.76 kQ

Ticl =

The short circuit collector output current from Q7 is

aq ro1 — Rie1/B4
11+ Rie1 ro1 + 7y || Reer Vv

0.99 50 kQ — 49.73/99 Cug v
52.20 + 49.73 50kQ + 52.20[[49.73 1 T 103.0 _ 1124

7;cl(sc) = Gup1vw1 =

Look out of the base of Q2 and make a Thévenin equivalent circuit. We have

viy = i Rellre = T35 % 24KQ97.76 k0 = —20.840,

Rwz = Rel|rier = 2.4kQ97.76 k2 = 2.342 k0

Replace Q2 with its simplified T model. Looking into the 7., branch, we see vy in series with 77,
given by
; Rupo +ra2 _ 2.342kQ + 20

T Ty, T T 1499

The resistance seen looking out of the emitter of Qs is

+5.178 = 28.80

Riea = Rpo|| Ry = 666.72
By voltage division, v, is given by

702 || Ree2 50k2||666.7

— g 22 90 84 — 19.97
o o] Ries #2880 + 50 k[[666.7 o
Thus the voltage gain is
% = -19.97



The output resistance is
Tout = REQHTOQHTéz = 2]&9”50 kQ||2880 = 28.38 Q)

To solve for the input resistance, we need r;1. To calculate this, we need Ry.;, which requires us
to know 7;9. For the latter, we have

(14 B3) o2 + Rica
702 + Rtz + Ric2
(1 + 99) 50kQ
50k + 666.7

Tiwa = Ta2+ (1 + ,32) Tes + Rieo

= 20+ (1499)5.178 + 666.7
= 66.33k2

Thus the resistance seen looking out of the collector of Q)1 is
Ric1 = Re||rive = 2.4kQ|66.33 k2 = 2.316 k2

The resistance looking into the base of Q)1 is

(1+ 1) ro1 + Rica

. = 1 R
Tib1 Tzl +( + 51)T61 + Hie1 oL + Rtel T th

= 5.391kQ2

The input resistance is
Tin = Ri||Ra|rin = 100k 120k€2|5.613kQ = 5.089 kO

If Q2 and Rpo are omitted from the circuit and the left node of Cs is connected to the collector
of 1, we have a common-emitter amplifier. In this case, the output voltage is

Vo = —ie1(se) R ||Tict | Re, = 11534 % 2.4kQ97.76 kQ| 1 kQ = —6.2350,
Thus the voltage gain drops to
Zo— 6235
Us

This is lower than with the CC stage by a factor of 3.25 or by 10.2 dB. This illustrates how a stage
that has a gain less than unity can increase the gain of a circuit when it is used to drive the load
resistor.
AC Solution - Method 2

For this solution, we use the rg approximations for Q1. That is, we neglect the current through
ro1 in calculating 4.1 (s) but not in calculating 7c1. The short circuit collector output current of Q1

1S
« 0991 w1 va

Pt Reer T 522044973 103.0 1113

Look out of the base of ()2 and make a Thévenin equivalent circuit. We have

7;cl(sc) = Gr1vw1 =

Us

%13 X 2.4kQ97.76 kQ = —21.050,
Rz = Re||rie = 2.4kQ|97.76 k2 = 2.342kQ

V2 = _icl(sc)RCHTicl:

Replace Q2 with its simplified T model. Looking into the r., branch, we see vy in series with .,

given by
r_ Rup 4722 ~2.342kQ 4+ 20

- - 5.178 = 28.80
T =Ty e 799



By voltage division, v, is given by

o — rel[Beez o 050 50 k€2[|666.7
R T2 Reea V558,80 + 50 KQ666.7
Thus the voltage gain is
Vo
— = —20.17
Vs 0

This differs from the answer by Method 1 by 0.99%.
The solutions for ry, and rj, are the same as for Method 1.

20.17v,



