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Common-emitter amplifier

Rcé coupling Rc éRc
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* We have already analysed the DC (bias) circuit of this amplifier and found that Vg =1.8 V, Vg = 1.1 V,
Ve =6V, and Ic = 1.1 mA.
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Common-emitter amplifier

coupling é
2 Ry Rcé capacitor é Ry 3F_{gk 2 R1 e
coupm.wg 3 _”_ 110k 6V 3 _”_
capacitor Ce Vee 18V 10V Ce
— O = P ve® Ao —F1+—C
Ce 11V Ce

J é Re J é RL
@VS § R Re T load §§22 K 2 Re @ Vs § Ry Re
/TCE resistor 1k TCE

DC circuit AC circuit

bypass
capacitor

* We have already analysed the DC (bias) circuit of this amplifier and found that Vg =1.8 V, Vg = 1.1 V,
Ve =6V, and Ic = 1.1 mA.

* We now analyse the AC (small-signal) circuit to obtain v, ve, ve, ic.
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Common-emitter amplifier

Rcé coupling Rc éRc
2 Ry capacitor é R, 3.6k é Ry
coupling 3 _“_ J10k 6V ] _H_
Cc

capacitor 10V

— L O = T we® o
8 . SR Y Co J SR

/TCE resistor 1k

bypass DC circuit AC circuit
Capacnor

* We have already analysed the DC (bias) circuit of this amplifier and found that Vg =1.8 V, Vg = 1.1 V,
Ve =6V, and Ic = 1.1 mA.
* We now analyse the AC (small-signal) circuit to obtain v, ve, ve, ic.

* We will then get the complete solution by simply adding the DC and AC results, e.g., ic(t) = Ic + ic(t).
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Common-emitter amplifier

coupling

| é R Re capacitor é Ry ;gk 2 Ry e
coupling 9 4 < < ]
capgcitgr _|C|_ Ve v kv ov 10V _|C|_

— 1 O = HHD v® a0 L
Ce 11V Ce
J é Re J é RL
é R, Re ] oad §§22 ; é Re @ Vs § R, Re

v

<

/TCE resistor 1k TCE

bypass DC circuit AC circuit
capacnor

We have already analysed the DC (bias) circuit of this amplifier and found that Vg =1.8 V, Vg = 1.1 V,
Ve =6V, and Ic = 1.1 mA.

We now analyse the AC (small-signal) circuit to obtain v, ve, ve, ic.
We will then get the complete solution by simply adding the DC and AC results, e.g., ic(t) = Ic + ic(t).

We will assume that Cg, C¢, Cg are large enough so that, at the signal frequency (say, 1 kHz), they can
be replaced by short circuits.
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Common-emitter amplifier

;

v IR, 2R,

Reg Rig




Common-emitter amplifier

C
B ,J B " c
1T

Rc2 RU C, Vbe 1y ro

@VS R: >R2 ) |:> 6"5 SR SRy . — BmVbe Reg Rig




Common-emitter amplifier

T
Rc< RU

@VS R: >R2 ) |:> 6"5 SR SRy . — ‘ BmVbe Reg Rig

* The parasitic capacitances C; and C, are in the pF range. At a signal frequency of 1kHz, the impedance
corresponding to these capacitances is

—j — .
z~0 2 i00MQ
wC 2rx103x10-12

— Cr and Cy, can be replaced by open circuits.



Common-emitter amplifier

T
Rc< RU

v IR, 2R, T 70D @uwsingr | T Envee T RS RS

* The parasitic capacitances C; and C, are in the pF range. At a signal frequency of 1kHz, the impedance
corresponding to these capacitances is

—J —J .

Z~n —=——-—— ~ —j100MQ
wC 2rx103x10-2 7

— Cr and Cy, can be replaced by open circuits.

* For simplicity, we will assume rj, to be small and r, to be large (this assumption will only slightly affect the
gain computation).



Common-emitter amplifier

Rc2 Re

v IR, 2R, T 70D @uwsingr | T Envee T RS RS

* The parasitic capacitances C; and C, are in the pF range. At a signal frequency of 1kHz, the impedance
corresponding to these capacitances is

—J —J .

Z~n —=——-—— ~ —j100MQ
wC 2rx103x10-2 7

— Cr and Cy, can be replaced by open circuits.

* For simplicity, we will assume rj, to be small and r, to be large (this assumption will only slightly affect the
gain computation).

* The above considerations significantly simplify the AC circuit.



Common-emitter amplifier

Rc2 Re

v IR, 2R, T 70D @uwsingr | T e T RS RS D (D) RS RS e S P RS RS

Vs _ EmVbe

* The parasitic capacitances C; and C, are in the pF range. At a signal frequency of 1kHz, the impedance
corresponding to these capacitances is

—J —J .

Z~n —=——-—— ~ —j100MQ
wC 2rx103x10-2 7

— Cr and Cy, can be replaced by open circuits.

* For simplicity, we will assume rj, to be small and r, to be large (this assumption will only slightly affect the
gain computation).

* The above considerations significantly simplify the AC circuit.
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Common-emitter amplifier

w@® SR, észkérw | §BC§RL Vo

vo = —(8m vbe) X (Rc || RL) = —(gm vs) x (Rc || Ru)
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Common-emitter amplifier

vo = —(gm Vse) X (Rc || RL) = —(&gm vs) x (Re || Ru)
— AL = voltage gain = Y —&m (Rc || Re)
Vs

(superscript L is used because the gain includes the effect of R;.)

M. B. Patil, IIT Bombay



Common-emitter amplifier

w@® SR, észkérw | §BC§RL Vo

Vo = —(&m vbe) X (Rc || Rt) = —(gm vs) x (Rc || Ry)
Vo
— AL = voltage gain = = = —g,, (Rc || RL)
Vs
(superscript L is used because the gain includes the effect of R;.)

Since I¢ (bias current) = 1.1 mA, gm = Ic/VT = 1.1mA/25.9mV = 42.5mU.
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Common-emitter amplifier

w@® SR, észkérw | §BC§RL Vo

Vo = —(&m Vbe) X (Rc || R.) = —(gm vs) X (Rc || RL)
— AL = voltage gain = % = —gm (Rc || RL)
s
(superscript L is used because the gain includes the effect of R;.)
Since I¢ (bias current) = 1.1 mA, gm = Ic/VT = 1.1mA/25.9mV = 42.5mU.
— Af/ = —425mU X (3.6k || 10k) = —112.5
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Common-emitter amplifier

w@® SR, észkérw | §BC§RL Vo

Vo = —(&m Vbe) X (Rc || R.) = —(gm vs) X (Rc || RL)
— AL = voltage gain = % = —gm (Rc || RL)
s
(superscript L is used because the gain includes the effect of R;.)
Since I¢ (bias current) = 1.1 mA, gm = Ic/VT = 1.1mA/25.9mV = 42.5mU.
— Af/ = —425mU X (3.6k || 10k) = —112.5

For vs(t) = (2mV) sinwt, the AC output voltage is,

M. B. Patil, IIT Bombay



Common-emitter amplifier

w@® SR, észkérw | §BC§RL Vo

Vo = —(&m vbe) X (Rc || Rt) = —(gm vs) x (Rc || Ry)
Vo
— AL = voltage gain = = = —g,, (Rc || RL)
Vs
(superscript L is used because the gain includes the effect of R;.)

Since I¢ (bias current) = 1.1 mA, gm = Ic/VT = 1.1mA/25.9mV = 42.5mU.
— AL = 22 5m0 x (3.6k || 10k) = —112.5

For vs(t) = (2mV) sinwt, the AC output voltage is,
vo = AL vs = —(112.5) (2mV) sinwt = —(225mV) sinwt
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Common-emitter amplifier

w@® SR, észkérw | §BC§RL Vo

Vo = —(&m Vbe) X (Rc || R.) = —(gm vs) X (Rc || RL)
— AL = voltage gain = % = —gm (Rc || RL)
s
(superscript L is used because the gain includes the effect of R;.)
Since I¢ (bias current) = 1.1 mA, gm = Ic/VT = 1.1mA/25.9mV = 42.5mU.
— Af/ = —425mU X (3.6k || 10k) = —112.5

For vs(t) = (2mV) sinwt, the AC output voltage is,
vo = AL vs = —(112.5) (2mV) sinwt = —(225mV) sinwt

The AC collector current is,

ic = gm Vbe = 8m Vs = 42.5mU X (2mV) sinwt = 85 sinwt pA.
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Common-emitter amplifier

Ru

For vs(t) = (2mV) sinwt, we can now obtain expressions for the instantaneous currents and voltages:
ve(t) = Ve + ve(t) = Ve + vo(t) =6 V — (225 mV) sinwt .
ic(t) = Ic +ic(t) =1.1mA + 0.085 sinwt mA.
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Common-emitter amplifier

Ru

For vs(t) = (2mV) sinwt, we can now obtain expressions for the instantaneous currents and voltages:
ve(t) = Ve + ve(t) = Ve + vo(t) =6 V — (225 mV) sinwt .
ic(t) = Ic +ic(t) =1.1mA + 0.085 sinwt mA.

Note that the above procedure (DC + AC analysis) can be used only if the small-signal approximation (i.e., |vpe| < V7) is
valid. In the above example, the amplitude of vy is 2 mV/, which is much smaller than V1 (about 25 mV).

M. B. Patil, IIT Bombay



Common-emitter amplifier

Ru

For vs(t) = (2mV) sinwt, we can now obtain expressions for the instantaneous currents and voltages:
ve(t) = Ve + ve(t) = Ve + vo(t) =6 V — (225 mV) sinwt .
ic(t) = Ic +ic(t) =1.1mA + 0.085 sinwt mA.

Note that the above procedure (DC + AC analysis) can be used only if the small-signal approximation (i.e., |vpe| < V7) is
valid. In the above example, the amplitude of vy is 2 mV/, which is much smaller than V1 (about 25 mV).

For vs(t) = (20mV) sinwt, for example, the small-signal approximation will not hold, and a numerical simulation will be
required to obtain the currents and voltages of interest.
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Common-emitter amplifier

Ru

For vs(t) = (2mV) sinwt, we can now obtain expressions for the instantaneous currents and voltages:
ve(t) = Ve + ve(t) = Ve + vo(t) =6 V — (225 mV) sinwt .
ic(t) = Ic +ic(t) =1.1mA + 0.085 sinwt mA.

Note that the above procedure (DC + AC analysis) can be used only if the small-signal approximation (i.e., |vpe| < V7) is
valid. In the above example, the amplitude of vy is 2 mV/, which is much smaller than V1 (about 25 mV).

For vs(t) = (20mV) sinwt, for example, the small-signal approximation will not hold, and a numerical simulation will be
required to obtain the currents and voltages of interest.

In practice, such a situation is anyway not prevalent (because it gives rise to distortion in the output voltage) except in special
types of amplifiers.
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Frequency response of common-emitter amplifier

Cg, Cc, Cg: short circuit

Cx, C,.: open circuit
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Frequency response of common-emitter amplifier

Cg, Cc, Cg: short circuit

Cx, C,.: open circuit
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Frequency response of common-emitter amplifier

Cg, Cc, Cg: short circuit

Cx, C,.: open circuit
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Frequency response of common-emitter amplifier

Cg, Cc, Cg: short circuit

Cx, C,.: open circuit

_” 103 T T T
Ce
c
 10° J
Qv ©
101 Il Il Il Il Il Il
10! 10? 10° 10* 10° 108 107 108
Frequency (Hz)
108
* Cp, Cg, Cc are large capacitances — 1/wC is negligibly | |
small (short circuit) except at low frequencies. . C—1pF
. . 10°
* Cr, C, are small capacitances — 1/wC is very large (open
circuit) except at high frequencies. s r 7]
* In the “mid-band” range (which we have considered so far), E 10%r 1
the large capacitances behave like short circuits, and the TN h
small capacitances like open circuits. In this range, the gain 1021 C=10uF |
is independent of frequency.
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General representation of an amplifier

source
resistance
24
RS b Ro —+
source ve v; §Rin Ve §
(signal) Ay Vi
‘ amplifier

load
resistance

Re

* An amplifier is represented by a voltage gain, an input resistance Ri,, and an output resistance R,. For a
voltage-to-voltage amplifier, a large Ri, and a small R, are desirable.
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General representation of an amplifier

source
resistance
M
RS b Ro —+
load
squ;ctla Ve v §Rin *_' Vo § resistance
(signal) Av Vi Ry
amplifier

* An amplifier is represented by a voltage gain, an input resistance Ri,, and an output resistance R,. For a
voltage-to-voltage amplifier, a large Ri, and a small R, are desirable.

* The above representation involves AC quantities only, i.e., it describes the AC equivalent circuit of the
amplifier.
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General representation of an amplifier

source
resistance N
24
R5 b Ro —+
source ve v; §Rin Ve §
(signal) Ay Vi
amplifier

load
resistance

Re

* An amplifier is represented by a voltage gain, an input resistance Ri,, and an output resistance R,. For a
voltage-to-voltage amplifier, a large Ri, and a small R, are desirable.

* The above representation involves AC quantities only, i.e., it describes the AC equivalent circuit of the

amplifier.

* The DC bias of the circuit can affect parameter values in the AC equivalent circuit (Ay, Rin, Ro). For
example, for the common-emitter amplifier, Ay o« gm = Ic/ V7, Ic being the DC (bias) value of the

collector current.
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General representation of an amplifier

source
resistance \
M
R5 b Ro —+
load
squ;ctla Ve v §Rin *_' Vo § resistance
(signal) Av Vi Ry
L J
amplifier

* An amplifier is represented by a voltage gain, an input resistance Ri,, and an output resistance R,. For a
voltage-to-voltage amplifier, a large Ri, and a small R, are desirable.

* The above representation involves AC quantities only, i.e., it describes the AC equivalent circuit of the
amplifier.

* The DC bias of the circuit can affect parameter values in the AC equivalent circuit (Ay, Rin, Ro). For
example, for the common-emitter amplifier, Ay o« gm = Ic/ V7, Ic being the DC (bias) value of the
collector current.

* Suppose we are given an amplifier as a “black box” and asked to find Ay, Ri,, and R,. What experiments
would give us this information?
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Voltage gain Ay

source
resistance Ve
AWV
RS + Ro +
source . v; §R- + Ve §
(signal) n YAy v
‘ amplifier

If R — o0, ij — 0, and vo — Ay v;.

Ji
load
resistance

R
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Voltage gain Ay

source
resistance
N .
Rs n Ro | |
source Vi + \ loa'dt
(signal) s i <Rn < o resistance
Ay vi Ry
amplifier

If R — o0, ij — 0, and vo — Ay v;.

We can remove R, (i.e., replace it with an

open circuit), measure v; and vo, then use Ay = v, /v;.
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Input resistance R,

source
resistance
— MV
Re w4 Ro 1o
source
Vi ) v,
(signal) s ! §R'" Ay v; ° §
amplifier

Measurement of v; and i; yields Ry, = v;/i;.

load
resistance

R
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Output resistance R,

Vs Vi §Rin t Ay,

+

Vo §RL —>

Method 1:

|fV5—>O,A\/V,‘—>O.

Now, connect a test source v, and measure ip, — Ro = Vo /io.

Vi §Rin

(This method works fine on paper, but it is difficult to use experimentally.)
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Output resistance R,

Vs Vi §Rin : Ay, Vo /§/RL

Method 2:

R
=—Ayv.
TR tR VY
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Output resistance R,

Vs Vi §Rin : Ay, Vo /§/RL

Method 2:

R
=—Ayv.
TR tR VY

If RL — 00, Vo1 = A\/ Vi.
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Output resistance R,

Vs Vi §Rin : Ay, Vo /§/RL

Method 2:

R
=—Ayv.
TR tR VY

If RL — 00, Vo1 = A\/ Vi.

1 1
If RL = Ro, Vo2 = EAVV:': 5 Vet-
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Output resistance R,

Vs Vi §Rin : Ay, Vo /§/RL

Method 2:

R
=—Ayv.
TR tR VY

If RL — 00, Vo1 = A\/ Vi.

1 1
If RL = Ro, Vo2 = EAVV:': 5 Vet-

Procedure:

Measure vo1 with R, — oo (i.e., Ry removed).
Vary R, and observe v,.
When v, is equal to v,1/2, measure R, (after removing it).

R, is the same as the measured resistance.
M. B. Patil, IIT Bombay



Common-emitter amplifier

Re coupling ( )
3.6k capacitor 2 ¢
coupling
capacitor + L L L +
— (.) Vec |:> Vs @ vi ; Ry é Rz ; I Rc? Vo é Re
Ca " 0V 8mVbe

. _ _

Vs é Rz T load : )

. Ce resistor anwphﬁér

bypass
capacitor
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Common-emitter amplifier

s gi coupling ( B c )
. capacitor
coupling
capacitor + L L L +
|— C.)Vcc |:> Vs@ Vi ;Rl éRz ;Tw Rc? Vo éRL
Cs 10V 8mVbe
RL — -
E
Vs éRZ T load k )
. Ce resistor amplifier
bypass
capacitor
Vo .
Ay = —, with Rf — oo.
Vi
—8mVpe R
Ay = —EmeTC _ o Re = —42.5m0 x 3.6 k= 153.

Vi
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Common-emitter amplifier

R n - N\
3 6& couph.mg B C
. capacitor
coupling
capacitor + L L L +
|— C.)Vcc |:> Vs @ Vi ; Ry é Ra ; I VRC§ Vo é Re
Ca " 0V 8mVbe
. _ _
E
Vs é Ra T load \ )
. Ce resistor amplifier
bypass
capacitor

Ay = 2 with R, — oo.

Vi

. R
Ay = _EmYbeTC _ o Re = —42.5m0 x 3.6k = 153.

Vi
The input resistance of the amplifier is, by inspection, Rin = (R1 || R2) || rx-

rx = B/gm = 100/42.5m0 = 2.35k — Ry, = L k.
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Common-emitter amplifier

R n - N\
3 6?( couph.ng B C
. capacitor
coupling
capacitor + L L L +
|— (.)Vcc |:> Vs @ Vi ; Ry é Ra ; I VRC§ Vo é Re
Ca " 0V 8mVbe
. _ _
E
Vs é Ra T load \ )
. Ce resistor amplifier
bypass
capacitor

Ay = 2 with R, — oo.

Vi

- R
Ay = —EmeTC _ o Re = —42.5m0 x 3.6 k= 153.

Vi
The input resistance of the amplifier is, by inspection, Rin = (R1 || R2) || rx-
e = B/gm=100/42.5m8 = 2.35k — Ry, = 1k.
The output resistance is R¢ (by “Method 1" seen previously).
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Common-emitter amplifier with partial bypass

Re coupling Rc
§R1 capacitor ; Ry
coupling
capacitor
+
Co — O Vee
Re
load R,
Vs resistor ‘2
bypass DC circuit

capacitor
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Common-emitter amplifier with partial bypass

Re coupling Rc
§R1 capacitor ; Ry
coupling
capacitor
+
Co — O Vee
Re
load R,
Vs resistor ‘2
bypass DC circuit

capacitor

* For DC computation, Cg is open, and the DC analysis is therefore identical to our earlier amplifier, with
Re < Re1 + Rez.
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Common-emitter amplifier with partial bypass

Re coupling Rc
§R1 capacitor ; Ry
coupling
capacitor
+
Co —> O Ve
Re
load R,
Vs resistor ‘2
bypass DC circuit

capacitor
* For DC computation, Cg is open, and the DC analysis is therefore identical to our earlier amplifier, with

Re < Re1 + Rea.

* Bypassing a part of Rg (as opposed to all of it) does have an impact on the voltage gain (see next slide).
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Common-emitter amplifier with partial bypass

coupling
capacitor
coupling
capacitor
Cs Vcc(i)

TCE

=

load
resistor

bypass
capacitor

ii" i,iib
ns
@vs SR SR .

&m Vbe

l(v“rl)ib
Re1

2r 2r

AC circuit

Again, assume that, at the frequency of operation, Cg, Cc, Cg can be replaced by short circuits, and the BJT

parasitic capacitances by open circuits.
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Common-emitter amplifier with partial bypass

coupling ) -
capacitor Jib W'b

3
VCCCD :> @Vs ;Rl ;Rz E i ;Rc §RL

J(B+1)ip

@ Vs ; Ra ‘r?zi\dslor Re:

C bypass )
£ capacitor AC circuit

Again, assume that, at the frequency of operation, Cg, Cc, Cg can be replaced by short circuits, and the BJT
parasitic capacitances by open circuits.

Vszibr‘,r-l-(ﬂ—‘rl)ibREl—)llb:

coupling
capacitor

—

Vs

re+(B+1)Re1’
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Common-emitter amplifier with partial bypass

coupling
capacitor
coupling
capacitor
Cs Vcc(i)

TCE

=

load
resistor

bypass
capacitor

ii" i,iib
ns
@vs SR SR .

&m Vbe

l(v“rl)ib
Re1

2r 2r

AC circuit

Again, assume that, at the frequency of operation, Cg, Cc, Cg can be replaced by short circuits, and the BJT

parasitic capacitances by open circuits.

Vszibr‘,r-l-(ﬂ—‘rl)ibREl—)llb:

Vs

re+(B+1)Rer
Vo B(Rc |l RL)

(Re |l Ru)

Vo=—Bipx(Rc||RL) = — =—

Vs re+ (8 +1) Rex

~ — Ifrﬂ<<(/B+1)RE1

Re1
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Common-emitter amplifier with partial bypass

coupling ) -
capacitor Jib W'b

3

coupling
capacitor

—| |— 8m Vbe
Cs Ve CD :> @ Vs ; R1 ; Ra E ; Rc § Re
RE [(B+1)is
@ Vs ; R ‘r?zi\dslor Rex
—IVCE :gggiior AC circuit

Again, assume that, at the frequency of operation, Cg, Cc, Cg can be replaced by short circuits, and the BJT
parasitic capacitances by open circuits.

Vs

= )ipRey = ip= ————.
Vs = iprr +(B+1)ip Rex — ip mt (1) Re

) Vo B(Rc |l RL) (Rc Il Ru) .
= - X (R, R) &> — = — - f 1) Res.
Vo Bip x (Re || RL) ” + (3 +1) Ren Re if rr < (6+1)Rex

Note: Ry gets multiplied by (8 + 1).
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Common-emitter amplifier with partial bypass

S
3R

coupling

capacitor

b

Ce

coupling
capacitor

Rc

Vee CD

TCE

Vbe Irip

I

Vs reip+Re(B+1)ip

rw+RE(B+1)

—

load
resistor

bypass
capacitor

r,rg
v TR IR, :

1B

8m Vbe

AC circuit
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Common-emitter amplifier with partial bypass

B C
L R coupling ) -
; R ‘ capacitor |ib |Aib
coupling
capacitor fw§
—| |— L L 8m Vbe L
Co Ve® 0 v SRR | L SRe IR
R . [(B+1)iy
oa
@ Vs § Re resistor Re1
bypa
—IVCE cgggiior AC circuit

vs  rrip+ReE(B+1)iy  rr+Re(B+1)

The small-signal condition, viz., |vpe(t)] < V7 now implies

r7r+RE(ﬁ+1)
TR VT o lel<vrx rr

Vbe Irlp I'm

I

[vs|

, which is much larger than V7.
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Common-emitter amplifier with partial bypass

B C
L R coupling -
§R1 ¢ capacitor |ib W'b
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The small-signal condition, viz., |vpe(t)] < V7 now implies
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— Although the gain is reduced, partial emitter bypass allows larger input voltages to be applied without

causing distortion in vo(t). (For comparison, we required |vs| < VT for the CE amplifier.)
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