BJT Amplifier & Small-Signal Concept
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Notation

Any time-varying signal can be written as a sum of sinusoidal
signals of dltterent trequenues & flmphtudes (I'ourier series)
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Variable Meaning
I3, Vs Total mnstantaneous values
4 Ve 3
Ip, Vpp DC values
ip, V. [nstantaneous ac values
1, V., Phasor values
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Basic characteristics of an amplifier
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Basic BJT amplifier

A BJT needs to be biased by a dc
voltage source (},,) at a suitable
Q-point to ensure that 1t 1s
operating m forward-active mode
— the precondition for configuring
a BJIT as an amplifier.

A BJ1 amplifier has a time-

varying signal source (v,) in series
: L] L) i) e /,-

with the de¢ voltage source (Fp).

A change 1n v, causes a change 1n
ip which, i turn, causes a larger
change 1 i (i = p ip) & leads to
an inverted & amplified signal (v,)
compared to the origmal v,_.
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Graphical analysis of BJT amplifiers
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Graphical analysis of BJT amplifiers
(Cont’d)
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Analysis of BJT amplifiers

Function of each component:

' Capacitors: Acting as an open
circuit for a dc operation but a
short circuit for an ac operation
(If f=10kHz & C =10 uF, then
Zd = 2 n fC)y! =8 Q, which 15
usually smaller than R,,, = R,//R,)

'R,, R,, R- & Ry Setting dc
biasing Q-point

R.: Converting 7, variation 1nto
v, (or v) variation (signal

CONnversion)



dc analysis and equivalent circuit

Reduce all signa

Open all capacitors

- Draw & analyze tl
cireuit



ac analysis and equivalent circuit
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To determine the ac characteristics (e.g., small-signal voltage
gain, mput & output impedances, frequency response, etc.)
Reduce all de voltage sources to zero
Short all capacitors

Draw & analyze the ac equivalent circuit
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Small-signal hybrid-mt equivalent circuit

i, (13,) L ()

BJT as a small-signal, Small-signal hybrid-n
two-port network equivalent circuit

p =1i1.li,=1./1I,=common-emitter current gain

Fe= Vool 1y = Vo ! Iy = V¢ Iyp = V1 / I o = small-signal resistance,
where V= k1 / e = thermal voltage
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Small-signal hybrid-mt equivalent circuit
(Cont’d)
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&n =P/ 1,=1Icy/ Vy=transconductance

1. is assumed to be independent of v,,, which is not the case in
practice & the assumption will be released later to include the
“Early Effect”.
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Small-signal voltage gain
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Input and output resistances
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[nput resistance: R =R,+r,

Output resistance: R = R,
[Setting V.= 0 (short), then V. =0 & g V_=0 (open)]
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Example: dc circuit analysis

Calculate the small-signal voltage gain, mput resistance & output
resistance of the BJT amplifier circuit at 300 K. Assume that the BJT
& circuit parameters are: f= 100, V-= 12V, V5= 0.7 V, R-= 6 kQ,
R,=50kQ & V3= 12V

Step 1: Perform dc analysis to determine the dc biasing Q-point:
B Vs — Ve (0n) _ 1.2-0.7

g iR 50k

I =PI, =0100)(104)=1mA

Vero =Vee = LcoRe =12 —(1Im)(6k) =6V

Since Iny > 0 A, Vag > Vpglon) & Vg > ® <—/
Vge(on), the BIT amplifier 1s biased in
forward-active mode about the Q-point (Vopp= -
OV by = 1 00 15— TR JE);

1 —

=10uA

1?0
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Example: dc circuit analysis (Cont’d)

Step 2: Perform ac analysis using small-signal hybrid-z equiv. cct:

__BVe _BGIIe) _(100)[86x10°e)300) fe]

- ICQ [C'Q Im - B |
I‘_R[J
&n = ﬁ = }Ur{'} =38 5mA/V :
- r, 2.0k '
y g ® el
A =_0:_( R ) a: 7 RCIVI.{.J
L V gu C ; R |
s .+ I i - |® : : '
- I .

A |
]:—11.4 L
2 6k + 50k |

The BIT amplifier 1s capable of amplifying the input signal amplitude by
1 1.4 times. The —ve sign indicates a phase reversal of 180°.

R =R, +7. =50k+2.6k=52.6kQ R =R.=6kQ

— —(38.51’11)(61{)(
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Example: dc circuit analysis (Cont’d)

Further Discussion:
Letv,=025smmwr V
i ¥ 0.25sm 1

> R,1r 50k 2.6k

B

=4.75sinmt pA = iy =1y, +i, =10+ 4.75sin o1 uA

i, = A1, =100)4.75usinmr) =0475smot mA => i.=1.,+i, =1+0.475sinmt mA

v, =—1.R. =—(0475m)(6K)sin@r =-2.85smar V. => v, =V, +v,=06-285sinwrV

o

v,=v,, =—2.85smw!(V i (mA)

1.475
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Small-signal hybrid-mt equivalent circuit
W|th Early effect
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Example: determine BJT amplifier
parameters

 Determine the small-signal voltage gain, input resistance, and
output resistance of the BJT amplifier circuit in previous

example with the early effect. Assume that the early voltage is
50V.

:RCJ
r=ta 2V 5o o Vo
[, 1m g i

C h
L?
Ar - f ==& (Po // R() L l : | RC:—
IT/J, \ i RB | : : _T_ n o
: | — : :

{206k =
= _(38.5m)(50k//6k) J= 102
2.6k + 50Kk

R =R,+r. =50k+2.6k=52.6kQ
R =r//R. =50k//6k=54kQ

r_ reduces both |4 | from 11.4 to 10.2 & R_from 6 to 5.4 k€.



Common-emitter amplifiers (with voltage-
divider biasing & coupling capacitor)

]
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' R R, I + R,
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R, /R, r,

If = _gm:[/:r(ra ’/’; ‘R() = _gF” I/S[ ] (f'o ’/’/ ‘RL)

R /IR, !/ r, +R,

r |'/
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Small-signal voltage gain: 4, = 2+ =-g Ltz

V. R,/ R, !/ T, + R

](rc /IR,
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Common-emitter amplifiers (with voltage-
divider biasing & coupling capacitor)- Cont’d

| ® Il
Rg - 0.5 kGl —AMA— o—
—'V‘M—Hl—' Ry = 0.5k, g
| R R
C) : = 5.9 kO V’T§ a
| | E
T .
Signal : '=L
source | Amplitier
Input resistance: R =R/ R, ilr,
Output resistance: =14 Ra
|Setting V= 0 (short), then V.=0 & g,V,=0 (open)]
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iy =
56 kQ)
RS 0.5 kQ
| ’/—"‘

Common-emitter amplifiers (with voltage-divider
biasing & coupling capacitor & emitter resistor)
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K. =R I Rs /I Ry
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DC & AC load lines

* DCload line is used to find Q-point

 ACload line is used to determine graphically
the operation of a BJT amplifier

 DCand AC load lines are essentially different
since capacitors appear as an open circuit for
a de operation but a short circuit for an ac

operation



DC load line

The DC load line 1s found by writing VE=+5V

a de KVL equation for the C-E loop

as follows: Re

V= IR +Vep + 1 (R, + Ry )+ V™ Re=05kQ Cc Yo
: 11

+

MAA— |
Noting that 7 —[ (1 + )/ B 11, v C) fﬁ.:;gé
Vow =07 =V) L 1
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AC load line

I'he ac load line 1s found by writing an ac KVL equation for
the C-E loop as follows: T

I.CRC it IGREL =)

Assuming (i =i) L v i [HL .
v, =—i (R.+Ry) v, (D f(!}fﬂzm g
The slope ol the ac load line 1s = =
—1
RC + REI
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Maximum output symmetrical swing

I (mA) _

'\ = i o A

de load ling] /,.?[ ac load line J 15 (HA)
i (mA) N

éQ-p oint

vge (V)
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Saturation

J 1f the Q-point is not set properly, the BJ 1 may get into saturation
or cutotl, resulting in nonlinear distortion.
J If the Q-point is set too ic(mA)
high, the BJT gets into

I (mA)

saturation, & a reduction

1n /p, 1s required.

J Even with a proper

Q-poml setting, 1[ the

signal amplitude 18 (oo vep (V)
large, distortion will also vep (V)

result, & a reduction of
signal amplitude 1

required.
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ic (mA)

Cutoff

ip (UA)

If the Q-point is
too low, the BJT
gets 1nto cutoff,
& an icrease 1n

I 18 Tequired.

vge (V)

ve (V)
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Example: Calculate BJT circuit parameters

* Determine the small-signal voltage gain, input
resistance, and output resistance of the circuit
shown in attached Figure. Assume the transistor
parameters are: =100, Vg, =0.7V, and V,=100V




AC Solution: The small-signal hybrid-w parameters for the equivalent circuit are

L VB _ (0026)(100)
" Teg | (0.95)

I@Q _ 0.95
T Ve T 0026

= 2. 74 kQ2

= 36.5mA/V

Assuming that C¢ acts as a short circuit, Figure 6.29 shows the small-signal equiva-
lent circuit. The small-signal output voltage is

Vo = — (g Vi X (ro| Re)

The dﬁnﬂnﬂﬁm current g, 1.-‘_ fawe threnah tha narallal ¢

P
HE%" ¥ B bk R e ‘-1'@*4- LLE S l_.-.amm-u-n T

but in a direction that prsduccs a negative output voltage. We ca
voltage V, to the input voltage V, by a voltage divider. We have

e (Y

=
g
=2
o
g
= o
o
o
o
=
= s
2B

Ri||Rzllrye + Rs
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Signal =
source - Amiplilier

Figure 29 The small-signal equivalent circuit, assuming the coupling capacitor is a short
cireuit
We can then write the small-signal voltage gain as

Va Rl"R?;"r?F ) ,
A = T = —gn {Fa R )
! Vs' g (R1|IR2I|?",;+RS ” ¥
or
5.9]2.74
A, = —(36.5 (105]|6) = =163
"’ ( )(5.9n2.74+0.5) 6

We can also calculate R;, which is the resistance to the amplifier. From Figure 29,
we see that

Ri = R\||Rylirn = 5.9]2.74 = 1.87 k2

The output resistance R, is found by setting the independent source V; equal to zero,
In this case, there is no excitation to the input portion of the circuit se V., = 0, which
implies that g, V; = 0 (an open circuit). The output resistance looking back into the
output terminals is then

R, = #,||Rc = 1056 = 5.68 kQ
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