MULTISTAGE AMPLIFIERS
PART | - BJT AMPLIFIERS

DR. CHANDRIMA MONDAL
JADAVPUR UNIVERSITY



» Many applications cannot be handled with single-
transistor amplifiers In order to meet the
specification of a given amplification factor, input
resistance and output resistance

» As a solution — transistor amplifier circuits can be
connected in series or cascaded amplifiers



Introduction

Typical spec for a general purpose operational amplifier
e — Input resistance ~ 1MQ

e — Qutput resistance ~ 100Q

e —\oltage gain ~ 100,000

No single transistor amplifier can satisfy the spec

As a solution — multiple transistor amplifier circuits can
be connected in series to meet the spec

Usually

e — An input stage to provide required input resistance

e — A middle stage(s) to provide gain

e — An output stage to provide required output resistance

It is Important to note that the input resistance of the next
stage becomes the load of the previous stage



Multistage Amplifiers

Multi-stage amplifiers are amplifier circuits cascaded to
Increased gain. We can express gain in decibels(dB).

Two or more amplifiers can be connected to increase the gain of
an ac signal. The overall gain can be calculated by simply
multiplying each gain together.

Ayror= Ay A Az Ay

[nputo— A, Output




Multistage Amplifier Cutoff Frequencies
and Bandwidth

 When amplifiers having equal cutoff frequencies are cascaded, the

cutoff frequencies and bandwidth of the multistage circuit are found
using

fC2(T) — fcz\/zlln -1
_ fc1

CiT) \/len —l

BW = fCZ(T) — fCl(T)
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Summary of Single stage BJT Amplifiers

Characteristics of BJT Amplifiers
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Setting 8 = oo (@ = 1) and replacing r, with 1/g,,, Rc with Rp, and R, with Ry results in the corresponding formulas for MOSFET ampliﬁcrs




Multistage amplifier configuration

Cascade RC coupling




Multistage amplifier configuration
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Multistage amplifier configuration

Cascade Direct coupling
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Multistage amplifier configuration

Darlington -
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Multistage amplifier configuration

Transformer coupling
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1

0]
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Cascade connection

The most widely used method

Coupling a signal from one stage to the
another stage and block dc voltage from one
stage to the another stage

The signal developed across the collector
resistor of each stage is coupled into the
base of the next stage

The overall gain = product of gains of the
Individual stages (ideally)
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Load
Second F Impedance

= SO e - —a—- 1 wo Stage Cascade Amplifier ————e- -lf—[Load —

Figure 1:- Block Diagram of Two Stage Cascade Amplifiier
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Example 1

B1= B, =200

Fo1=Fg2=

R
C.
15 kQ T
n
C
mI : l <— R
]| : .
Ri—>i
+
:Csz

Draw the AC equivalent circuit and calculate A,,
R, and R,.

14



Solution

DC analysis

The circuit under DC
condition (stage 1 and
stage 2 are identical)

R1
15 kQ2

Ve j+20V

§ Rei
2.2 kQ)
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Applying Thevenin’s theorem, the
circuit becomes;




AC analysis

The small-signal equivalent circuit (mid-band);

Vi B, C B,
oO—= s o

R RO JE I PR (Y -

gmlvﬂ'l

= T =

[ONe)

(@]
3
N
<
N
(V)
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ZL
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Vo = _ngVﬂZ RC2

VO
AZ — :_ngRCZ

V7z2

V2 = _gmlvﬂl(RC1 /I Ry If r”Z)

=—0mV, (R01 I R, I r”Z)

Vv
A = \/L2 - _gml(RC1 IR, I r”Z)

[V,zl =V, ]
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The small-signal voltage gain;

A= A1A2 — gmlngRCZ(RC1 /I RBZ Il rﬂZ)

Substituting values;
Ra; =Rs, =R, /IR, =15//4.7 =3.579 kQ2
Ro, I/ Rg, Y, =2.2//3.579//1.307 =667 Q

A=0.153x0.153x 2200 x667 = 34350 V/V

20



The input resistance;

R, =R, /T, =3579//1.307 = 0.957 kQ

The output resistance,

R =R., =2.2kQ

21



Example:

R1=47 k, R2=10k Rc=4.7k, RE=1k, VCC=10V
VB=1.7V, IE=1mA,

re=25 Q2, Av=-Rc/re=-188, Avtot=12400

22



Example 2 ‘

Assuming B, =170, B, = 150 and Vgg oy = 0.7V,
calculate the voltage gain A, where;

V

A\/:_

V 23

S



DC analysis Vee j +5V

24



The base-emitter loop of Q,
VBB T RBBI Bl +VBE1 + RElI El +VEE — O

Roglo + (8, + DRyl oy =Viag —Ver —Vig
Substituting values;

33.3x10° I 5, + (170 +1)2x10°l ;, =—1.667 +5—0.7

lg, =7 LA l., = B, =1.19 mA

I, = (8, +1)l,, =1.197 mA

25



RBBI81:_1'9V VCC j+5v

__ Iy
o +Vo =—2.606 V Res S2ke
2 R, — collector of Q, — base of Q, — Rg, loop R, §5 kQ ug|
|Bz E?2 E2
Verg < *
| . | |\Q2
B1 BB C1
_>'VV\( Va1 KQl Veo l, lc2
Reole, +Veg =Ry l Ve, l' RC2§15I
VBB E1l

L=l —lg, and |, =(8,+1),, ReiZ2ko
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Substituting values;

(150 +1)2x10° I, +0.7 =5x10*(1.19x10° — I ., )
|, =17 pA le, = Byl 5, = 2.565 MA
I, =(8, +1)I,, = 2.582 mA

l,=1.—1,,=119-0.017 =1.173mA
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V., =V.. —R,l, =5-5x1.173 =—0.865 V

V., =V —R.,l, =5-2x2.582 =-0.164 V

V., =R.,l.,+Ve =1.5x2.565-5=-1.175V
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AC analysis

R; R
ut © O
AN o o o o - ——oV,
Rg i _
Vs R IR, 1 SV <~} Rey rpnS Vo, <f §Rcz §RL
~ 8m1Vri N 8m2V 2
O L O . &
® T ®
'A1 — _V7Z'2 'A‘2 — VO
VS _V7Z'2
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B V7z 2
V7z1

V., = gmlvﬂ'l(RC]. Il r7r2) = :_gml(RCI Il rﬂz)

T

R' V7Z'1 Rin
V_ =V, = — =
R +R. V. R;+R,

-V, -V, V, R
— YA — L e 7L — R //r- In
Al V V V gml( C1 72'2{ RS n Rin j

S 7l S

V
Vo = gmzvyzz(Rcz I RL) —> A= _VO :_ng(RCZ I RL)
72
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R.
A=AA =-g_ (R, /I rﬁ{R —|1nR ][_ Oy (R, //R)]
S in

R.
A — gmlng( R —IinR ](RC1 // r7z2 )(RCZ // I:QL)
S in

Substituting values;

= 1.197 =45.77 mAIV

— IEl
gml_VT 26

V 26
=8 -1 =170x—— =3714 O
G 'Bll 1.19

C1
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g, =gz 2955 _gg 65 many

V, 26

V 26
oo =B, - =150x =

IC2

=1520 Q

R =R /IR, /I, =100//50//3.714 = 3.342 kQ

R.
A: gmlng[ R -IinR j(RCl // rﬂZ)(RCZ // RL)
S in

3.342
0.5+3.342

= 45.77><98.65( j(5//1.52)(1.5// 5)

A =5286
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A Cascade of Two Amplifiers with a Source Resistor

Voltage gain:

R, Rinz
V = V; = Vi
out = ByaVin2 Y Ay Au 4V in Roues + Rz Roors + Ry
Rjﬂ 'EL

" Rour1 +Rinz Routz + Ry For the CS FET stages:
Rin Rinz R,
5
Rs +Rint Rout1 + Rinz Rourz + Ry
v R; R R
= —0Ul = A A, g ——I0] in L
Vs Ry +Ring Routt +Rinz Rourz + Ry
~ B '

nput voltage divider Inter-stage voltage divider  Qutput voltage divide

=Ay2A,1V¥in

= A, A,V Rjpy = Rjpg meo
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1) Cascode connection

- A cascode connection has one transistor on top of (in
series with) another- current through two stages are
equal

- The i/p applied to a C-E amp. (Q,) whose output IS
used to drive a C-B amp. (Q,)

- The o/p signal current of Q, Is the i/p signal of Q,

- The advantage: provides a high i/p impedance with
high voltage gain to ensure the i/p Miller capacitance
IS at a min. with the C-B stage providing good high

freq. operation an



R
R1§ C§ Ceo
[ | l s 0
Vo
C'F 1 I/Qz R §
L N
R L
te b F o ’
1 % |§ 1
Vs@ R3§ RE :I:CE
] L

Cascode amplifier
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DC analysis

ﬁlIBl ch ﬂ ﬂlIBl
. 1+ 5, /‘l’ ? 1+ B,
,B1|Bl % — Q
1+ﬂzjl ol
E,
R2§ |Bl \l/ﬂllBl
Q ¢ — KQl

36



The equations are (assuming Vg = 0.7 V for both BJT's);

Applying KVL in the loop VCC, P, Q, Gnd

Rlll T RZ( 1

I . ﬂlIBl

P+

Applying KVL in the loop Q, E,, Gnd

R

o

b
S, +1

j.

]+ R, Il—£1+ijlBl
1 I B, +1

=Veer+ R (B, +1)l 5,

= Vcc

The above equations may solved for the two unknown
currents namely I, and Ig;.
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AC analysis

Q, .
}J N / v
v W L\ Q1
R,
RBB
8 J__ 8
Ry, =R, /IR, = R '=R. /IR,

The equivalent circuit under AC condition
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!
o B, C, B \/gmv 2 Ry
T 1.
RBB .1 \-/72'1 <l\mvﬂrl7r2 \-/7r2 -
El BZ
Res =R, /IR, - R ‘=R /IR,

The ac equivalent circuit using hybrid-r model for BJT

39



Vo — _gmzvﬂz RL | (1)

At node E,;

V g,V
_ 2 ] . 1"72"% 7l
gmlvﬂ'l o L+ ngVﬂZ Or’ V7T2 o 1 T

Substituting in (1);

40



The small-signal voltage gain;

Ve _ j22
A\/ o VS gml[]__l_ﬁz
When g, >> 1

41



VCC 3+15V

Example 3 ‘ Compute the
Re approximate small-
R, § 5 KO c., signal voltage gain
76 kQ I 1 o)
C B Vo
I 1 |&Q2 R L 5 kQ
. R, E28kO L
c _
ICl ] KQl IB]_:IBZ :150
. Vg, =Vge, =0.7V
. R, V; =26mV
Vs (V) 37k§2§ 3RkEQ§ =C¢

42



SOLUTION |

DC analysis

Il
R; 276 kO Rc Z5kQ
ﬂlIBl ‘l’ ﬂlIBl
1+ P,
2 1+
ﬂlIBl @ — I/ 2 ?
s ) 2
R2§28|<QIBl | Al
* — KQl
|, [ﬂllBlj_lm\L
1+ 5, ‘l' (1+ﬂ1)| B1
R3 237 kQ Re $3kO
1

The circuit under DC condition

43



5 T

P

Substituting values;

76KI, +28k(|1 —150|81j+37k(I1
150 +1

1411, -101.541,, =15x10"°

IBl

R1I1+R2(I1— ﬂ1'81]+ R3[I1—'Bl—— |51]=
B, +1 +1

1501,
150 +1

(1)

VCC

|m):15

44



B
R{Il— 1f11— I, |=0.7+R. (B, +1)lg,

2

Or;

_,Bllsl_ _ _
R{Il B, +1 IBlj RE(:Bl"'l)IBl 0.7

Substituting values;

1501 ]
37(|1 _Ffll_ |Blj—3(15o +1)l,, =0.7x1073

371,-526.751,, =0.7x10°

45



|, =0.0189 x107% +14.241 , (2)

Substituting for I, in (1)

141(0.0189 102 +14.241 , )-101.541 ;; =15x10°2

12335 x107
i 1906.3

= 6.47 LA
loos = Al =150 x6.47 LA = 0.97 mA

e, = 1oy =0.97 MA

46



., 0097

|, = ~ =6.42
" p+1 151 HA

loos = Blg, =150 % 6.42 LA = 0.964 MA

a7



AC analysis

C,
& L
B, C, E; \/ng”Z Ro
aunyunt
RBB M1V -

Small-signal equivalent circuit using hybrid-r model

48



Vo =—0m2V2 RLl (1)

V
At node E2, gmlvﬁl — rLZ + gm2v7r2
T2
Omilz2Va
Hence: V,, ===
1+ rﬂ2gm2

Substituting for v_, in (1);

Vo — _( gmlrzrzgmz jRLIan

1+ r7r29m2

49



Or; Vo:_gml( P ]RL'Vi
_I_

The voltage gain;

When g, > > 1;

A\/ z_gmlRLl

50



Substituting values;

ICQ1 _ 0.97
V. 26

=37.3mA/V

gml =

R '=R. /IR =5k/I5K = 2.5k

A, ~—0.0373(2500)

A =-93.25V/V

51



111) Darlington connection C

Darlington pair

Internal connection;
» Collectors of Q, and

Q,;

« Emitter of Q, and
base of Q,.

Provides high current
gain: I = f#l;

52



Currents in darlington pair

ﬂ(iBl l]m"‘lczz[ﬂl + fo(1+5 1)) 51
) lfczzﬁlez =f(1+f 1)1 5
— "o,
Ip ﬁ_} KQZ

/ | 72 = 4815, =(1+B8)(1+8 ) 5,

Ie\=(+B)Ip,=1p,

53



If p, = B, = Fand assuming gis large;

/g1

<«
|

—>

/g1

o
a

/_>|&

Ie =(+p)Ip=1p,

| .

llcz =P lp, =p(1+f)p,

Q.

l lg,=+p)1p; :(1+IB)2[B1

54



Hybrid-t model (assuming ry; = 1y, = );

55



Darlington configuration provides;

* |ncreased current;

« High input resistance.
* Low output impedance

56



& O ©

&)

Y

8ml vﬂ' 1

el

2 Fro

0

Y
N

Small-signal equivalent circuit

oV

<*>gmzvf[2 gRC
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Input voltage source OmaVr1 = Ol = A1
IS transformed into
current source

I0 — gmlvﬂ'l + gm2v7z2

:/Blli +,32(1+131)|i

§RC

\ gm2V7Z2

N T gm2(1+ﬂl)lir7[2
— 182(1+181)|i

58



V. =lr, => OV = Omlali = A1

=L Bl =g, = V=l =1+ I,
OV = Ono (L+ BT, = B (L4 B,
ly = GV + GV = Bili + B+ AN
The current gain is;

A== At B+ A= A5,

59



Vi :V7Z'1 +V7r2 — Iirﬂ1+(1+IBl)Iirﬂ2

The input resistance is;

V.
I__I = r-7z1 +(1+181)r7r2

R, =

EXERCISE 1 \

Show that the approximate expression for the input
resistance of the darlington configuration above is;

R =20r, " _& &l =~ l oz
Hints: use the relationships: -

ol0) 2

== :Blr;zz
60



‘ Example 4‘

VCC =+10V

B =, =100

AssumeV, =V,, =

Voo =V, =0.7V

Determine the;

(@) Q-point for Q; and Q,;
(b) voltage gain V,/V;

(c) input resistance Ry;

(d) output resistance R,

61



Ve j +10V

(a) Determination of Q-points } ‘

Re §2.2 kO

Using Thevenin’'s theorem,; R, §335 kQ

R, | 1

Vo, =Vo| —2— |=2.72V
R, +R, :
| o,
R R
Res =~~~ =91k R, $125 kO }j
- R1+R2 ’ § REZ %1KQ

DC equivalent circuit
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The circuit becomes:

Veec g 410V
R 2.2 kQ)
Vgg 0 +2.72 V | C§
<ﬁ ,6’12,32 =100
RBB IBl V :V = 00
/M — I/Q \l/ICZ Al A2
1
o1kQ ™ o, Voo, =V, =0.7V
%
52 \l, ey
Re, <1kQ
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RBB | B1 T 2VBE + REZ(IB_I_]')Z IBl :VBB

Substituting values;

91kl +2x0.7 +1k(100 +1)° I 5, = 2.72

132
" 10292

x107° =0.128 pA

I, =12.8pA g =1y, =12.93pA
l.,=1.293mA |_,=13mA

V., =13x1=13V  V=13+07=2V
V., =V,, =10-2.2(1.293+0.0128)=7.127 VV
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Vo =V, V., =7.127-2=5.127V

V.., =V., -V, =7.127-13=5.827V

(a) The Q-points are;

Q: oy =12.8pA; Vo, =5.127 V
Q,: oy, =1.293MA; Vo, =5.827 V

65



(b) The small-signal voltage gain (mid-band);

¥

V. 1 qu ]K_VO
. [Q: ReZ
R

The equivalent circuit under AC condition

66



Using the hybrid-t model of transistor, the equivalent
circuit becomes;

67



|
0, =—>= 1281 _ 492 mANV

V.  26mV
|
g, =-cez _L2BMA_ g 00 marv
(/A 26 mV
A 10 g3 a5k0
g.. 0.492x10
e 10 5o

9., 49.73x10°
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Vo = _(g Va1 T OmaVeo )Rc

V 1 r 2
V7[2 — [ﬂ + gmlvﬂ'l r7[2 =| == + gm1r7Z2 rl
r72'1 rﬂ'l

r
V., = (1+181)L2V 1

T
r7r1

Substituting for V _, in the expression for v, and
simplifying;

y :_{ﬂﬁ(ﬂﬁl)ﬁz

rﬂ'l

:| RCV7rl

69



VS :Vﬂl +V7r2 V7T2
Substituting for V ,;
VO
v,=V_, + (14‘,31)@\/7;1
r7r1
{ﬂﬁ(ﬂﬁl)ﬁz}R v
C'rl
A\/ _ VO _ rﬂ'l
Vv 72 \/
S V (1+ﬁl)r— 7l

Simplifying;

A _V_o__[ﬂ1+(1+/81) Z]RC
- V, - rn1+(1+:81)r7z2

70



Substituting values;

~ 100+100 +1002 p.2

A= (203.25+2+100x2)

A =-55.4

71



Rip=
Ris . 1 i,
—> b —
O ) :
& |+
— rﬁl%Vﬂl
RBB§VS

Ris — RBB Il Rib
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Vg :V;zl +V7z2

V7Z'l — Ibr7rl

V7Z2 = (ib + gmlvzl )rﬂZ = (ib + gmlrﬂlib )rﬂZ
= (1"‘ By )rﬂZib
VS — r7rlib +(1+181)r7r2ib

V
R, =—"=r,+ (1"' ﬂl)rEZ

Ib
Substituting values;

R, =203 +(1+100)2 = 405 kQ
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Rie =Rgg // Rip =

91+ 405

R, =73.6 kO

R =R. =2.2kQ

74



Vout

sill—o0

75



3. Consider the Darlington emitter follower pictured below.

Vcc= 15V

!

— 1S "
5600 20Q

a) Determine the input impedance, output impedance, the loaded voltage
gain, and the current gain for the amplifier circuit.
b) Find the approximate lower cutoff frequency for the amplifier.



47 kQ% 3.3k
Q;
Q;
* + Q
680 —

10 kQ |
Vs # 9100 * 479# RL=1°°9$ =
=

"l
-
il
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High Input Resistance circuits:

The ideal voltage amplifier should have infinite input impedance and zero output impedance.
The CC and CE with Rg basic amplifiers have these properties.
- The Input impedance of these amplifiers is
- Ri = hie+(1+hfe)Rg using the simplified model (assuming that hoeRg<< 0.1)
- As Rg increases this equation suggests that Ri increases more
However, as Rc—« the assumption hoeRg >>1 is no longer valid. And the more accurate equation is
Ri = hie + (1+hfe)R¢ / (1+hoeRg) which Ri — hfe/hoe  —theoretical limitation on Ri.
There are other practical limitations also.
1. As Rgincreases the bias current causes a larger voltage drop across it. For middle of operating range
Ve = Vge = VCC/2. We thus require larger power supply voltage
2. Inintegrated circuits R occupies chip area. Larger the value, greater is the chip area occupied, leaving
less for other components.
3. Bias resistance appear in parallel with the Ri and with typical values of a few 100K the parallel
combination is now decided by the bias resistance, and is hence lower.
Solutions:
The DARLINGTON PAIR circuit increases the input resistance but biasing of 2" stage is difficult and should
be a power transistor .

The bias resistance problem (3) may be solved by the BOOTSTRAPPING technique. 78



Cancelling the effect of the bias resistance by Bootstrapping:

o— Ve
R,
c, 100 K
0.1uF
in 1' ll Q; he-100
R
50 K out
|(_
+I\
! R:
100 K 10uF 5K

79



» Here R; and R, are the bias resistances.
» Base bias through R3. C, short-circuits the output to point Y at the
junction of the bias resistance.
» Thus signal voltage at Y =V, and at Base signal voltage is V,,.
» Then igs = (Vin-Vout) /R,
» So effective resistance of the combination seen by the source is
Rett = Vi, firs= Vi, R3/(Vi, - Vour ) = Rs /(1 — Av) where Av = voltage gain
Vout/Vin
for the CC and Darlington circuits, Av< =1, 1 — Av and is a very small number.

This means effective resistance of the bias combination is increased greatly.

If Avis 0.95 and R3 is 50K , R1 = 100K and R2 = 100K then without bootstrapping,

bias combination would give

R= (hie + A,R,,) || (R1]|R2) =(1+hfe)? R-/(1+hoehfeRg) || 50 K = 50 M [|50K=50K
(1+100)%x 5K / (1+ 25%10° x100x5K) = 50M

With Bootstrapping, the resistance is 50K / (1 — 0.95) = 50K *20 = 1000K = 1M.
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Find; (a) lcop and I,

(b) A, =Vvlvs (c) Ry andR,

VCC = 9 V
(o]
l co1
< 9
|/£ I 1co2
|
181 — 182 =100
KQz V=V, =
0.5 kQ L
|
|
7 0o Answers:
(a) 2.08 mMA & 69.9 mA
Al (b) 0.99 V/V

(C) 480 kQ & 0.469 Q
81



Thus, the ratio of the transformer input and output resistances varies directly as the square of the transformer turn ratio:

2

It Lp (J'-'\"p )H 2
R\ )"
I L]
R VxR
= | n X
Lp ( ) L

« nis the ratio of primary to secondary tums of the step-down transformer

Giving us the equation finding the reflected impedance,

where

* Ry is the reflected impedance in the primary
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Advantages of Transformer Coupled Amplifier

» The following are the advantages of a transformer coupled amplifier —
» An excellent impedance matching is provided.

» Gain achieved is higher.

» There will be no power loss in collector and base resistors.

> Efficient in operation.

Disadvantages of Transformer Coupled Amplifier

*The following are the disadvantages of a transformer coupled amplifier —
*Though the gain is high, it varies considerably with frequency. Hence a poor
frequency response.

*Frequency distortion is higher.

*Transformers tend to produce hum noise.

*Transformers are bulky and costly.

Applications

v'The following are the applications of a transformer coupled amplifier -
v'"Mostly used for impedance matching purposes.

v'Used for Power amplification.

v'Used in applications where maximum power transfer is needed.
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CE - CC Amplifier Example

For the circuits in the figure, it is given that V7 =10V, V™ = —10V, R, = 5k, B = 100k$2,
By = 120k8), Rpp = 2Kk}, Ry = 5190, Rg = 24k, Rgs = 2k}, Ry = 1k, Vg = 065V,
Ve =0025V, a =099, 8 =99, r, = 2002, and ry = 50kf). The capacitors are ac short circuits
and de open circuits.

DC Solution

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

ViR: + V™ R 120 k2 100 k2 10
Veg: = =10 — 10 = —
R, + R, 100k + 120k~ 100k + 120k 11

Rpp1 = Ri||Rz2 = 100kQ|120k() = 54.55 k()

VeEpr = V7 =-10



Rep1r = Rg =2k
The emitter current in §J 18 given by

Vegr — Vg1 — Vegr  10/11 —0.65 — (—10)

- - = 4.031 mA
Rpp/ (1 + ) + Regr  54.65k8) (1 + 99) + 2K B

I,

The ac emitter intrinsic resistance of {Jy 18

Vi 2mVy

L — 6.2020
el = T T T031mA

Look out of the base and ematter of ¢Jo and form Thévemn equivalent circuits. We have

Vage = V' —algRer =10 —0.99 x 4.031 mA x 2.4k = 0.4223V
Rpgs = 2.4k0

Vigs = V- =—10V

Rppa = Rpgy=2Kk0)

The emtter current in (Jo 18 given by

. Vegz — Vee2 — Vegr 04223 —0.65 — (—10)
" Rppa/(1+8)+ Repz 2.4kQ/ (14 99) + 2k0

Ipo = 4. 828 mA
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The ac emitter intrinsic resistance of (s is

Vr  25mV
Tes dl 828 m_ﬁ!.

517840

Fe2 =

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

. iR 10KOINKD v
1 "R, + R1[R;  °5K+ 100KQ120k  1.092
Ryp = R,||Ri||Rz = 5kQ100kQ|120k = 4.580 k2

= 0.9160v,

The Thévenin equivalent circuit looking into the il; branch is v in series with rl;, where

o =Rtb-1+'i"‘_-;:1 - =4.53ﬂkﬂ+?ﬂ
R el 1+99

+ 6.202 = 52.2042

The resistance looking out of the emitter of ¢ is
Rie1 = Rg|| Rz = 2k}||51 = 49.73 1)

The resistance looking into the collector of () is

?‘ul 1 ”R'tel EIIJ ]:'iﬂ + 52.2{]”49.73
1— a1 Ree1/ (g + Ree1) 11— 0.99 x 49.73/ (49.73 + 52.20)

= 97.76 k(2

Tiel =

The short circuit collector output current from () is

r¥] ro1 — Rielj'r.ﬂ]_t
iy + Rie1 ro1 + 18, || Riea

0.99 50kQ) — 49.73/99 vay Vs
52.20 + 49.73 50 KL + 522014973 ®1 T 1030 1124

1.1:1{ se) = Gmb1Usb1 =




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

given by
s By +re - 2.342k0 + 20

et T Ty, T T 1109

The resistance seen looking out of the emitter of (Je 1s

+ 5178 = 28.8()

Ries = Rpz|| Ry = 666.7 82
By voltage division, v, 15 given by

Tz Reea 50 k02| 666.7
T Ty — T —2“8.1 —_ —19_9? P
. Y3880 1 50K 666.7 e

Thus the voltage gain is |
2 — _19.97



The output resistance is
Tout = Rea||rozlris = 2kQ||50 k€2||28.80 = 28.38 (2

To solve for the input resistance, we need ry,. To calculate this, we need R;.;, which requires us
to know r;;,. For the latter, we have

(14 8y) ro2 + R
ro2 + Riez + Rico

. ) (1+ 99) 50k
20+ (1+99) 5,178 + 666.7 =
66.33 kS

Ty = Tz2+ (1 + d}) re2 + Rie2

Thus the resistance seen looking out of the collector of Q) is
Ry = Rellrips = 2.4kQ|[66.33 k2 = 2.316 k2
The resistance looking into the base of 0 is

(14 B1)ro1 + Rea
ro1 + Rie1 + Rial

rim = rm+(1+ 4'31)7‘31 + Ria
5.391 k2

The input resistance is
rin = Ri||Ra||ripn = 100k2||120k€2||5.613 kQ = 5.089 k2
If ()2 and Rp» 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

_'Lls

1124

Yo = —ig(seyReIrica || Re = x 2.4kQ97.76 k1 kQ = —6.2350,
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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 cirenit when it 15 used to drive the load
resistor.
AC Solution - Method 2

For this solution, we use the ry approximations for ¢Jy. That is, we neglect the current through
rpy in caleulating i, but not in caleulating rie. The short circuit collector output current of ¢
= ; e O = fat - 0,991 _ Ul Val

else) = Bml b T T Ry ™ 5220+ 4973 1030 1113

Look out of the base of (Jo and make a Thévenin equivalent eircuit. We have

_'f_|ﬂ

1113 x 2.4 Kk2|97.76 k() = —21.05v,
Rus = Relria = 2.4k0|97.76 k2 = 2.342 k0

Uz = —ia(se)Be||Tiel =

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

Rupp + 122 2,342k + 20
st tTen 0 ZORR A L 5178 = 28.80
T2 =71 g5, e Troo ' °

By voltage division, v, is given by

oo “REEZ S0 kS !”ﬁﬁﬂ.?
1 T ey — = ] ()5 = —MATv
Yo = b o [ Reez s 3880 + S0 KLL|666.7 e
Thus the voltage gain is
11
— = 2017
1'3

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