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Bipolar Junction Transistors

The BJT as an Amplifier

= Objectives

Biasing

DC equations

Transconductance

Input resistance looking into the base
Input resistance looking into the emitter
Voltage gain

Gummel plots

No bk owbdRE

= Lesson
1. Biasing
1) For our amplifiers, the BJT must be biased in the FORWARD-ACTIVE
2) However, it’s a difficult challenge to establish a CONSTANT DC CURRENT
3) Our goal: A Q point insensitive to TEMPERATURE, B , Vg..
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Bipolar Junction Transistors

The BJT as an Amplifier

2. DC Equations (learn ‘em now)

Io = 1ge/=
) le=ls a=-L_~099
) le =lc/a L +1

(04
_ [ = ~100
4) Ve =V —IcRe o _|_1

3. Transconductance (remember the small-signal approximation from before?)

- Valid only for vge< 10 mV

- Defined as the incremental change in output current for an incremental change in input
voltage at a DC operating point
Si.

Ve

On =
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Bipolar Junction Transistors

The BJT as an Amplifier

T Ve Vr (Vg +pe) V7 _ Ve IV QN7 _ Vpe !V
. =1.e*" =1|¢e =|.e™= e =18

2 3
If v, << V; (eX:1+x+X—|+%+ ....... )
V V I
P e _ be r _ C _
ICNIC(:L-I__)_IC-I_IC_:HC__Vbe_gmvbe
V. V, V,
eS| I
L V
BE io=le  1LT_J
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Bipolar Junction Transistors

The BJT as an Amplifier

Input Resistance “ looking into “ the Base ( highlight thisin your text & on this page!)

+ Defined as the incremental change input voltage for an incremental change in base
current at a DC operating point...

. N g

T éiB

oV
— ,3_5]

BE

B

s Other important relationships ( be prepared to use any of these!)

F =

7T

Ve

I g
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Bipolar Junction Transistors

The BJT as an Amplifier

Input Resistance “looking into “ the Emitter (hightlight this in your text & on this page)

+ Define as the incremental change in input voltage for an incremental change in
emitter current at DC operating point.....

1

Nge b [ A+l -V

r=—°E& o

b |, A ) I

ICZIC ICZIC

s Other important relationship ( be prepared to use either of them!)
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Bipolar Junction Transistors

The BJT as an Amplifier

Relationship betweenr_andr,

- The same input resistance . . . just “viewed from two different places ! “
VT
r=-T r =(f+Dr
| 5 r e
1 =(B+D)1,
Vs -5
e~ 4§ e
e | ﬁ +1
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Bipolar Junction Transistors

The BJT as an Amplifier

Lets look at Voltage Gain again

s A BJT senses v,, andcauses aproportional current g, be

% Thisisa_ VOLTAGE - CONTROLED CURRENT SOURCE

< So ... How do we obtain an output voltage so that we get a voltage gain?

r
IC‘C‘

=

RS él“:

AN

R - Out of phase with
ﬁi@ VBE _ the input
- _V_?BE_: _____ | _ COMMON NODE _
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Bipolar Junction Transistors

Voltage Gain
Vi
R, éiu N Ve =Vee —IcRe |
U/ :Vcc_(lc""c)Rc
Pq:i Vee - :(VCC_ICRC)_iCRC
_____KBE:_::_______4::'2'31'""_'351”95___0 :VC_iCRC
Signal voltage: \Voltage gain:
- _ ] V
Ve ==lcRe = =0,V Re Voltage gain = —< =—-g,_R.
V
— (_ On RC )Vbe be
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Bipolar Junction Transistors

Small-signal equivalent circurt models

= Every current and voltage in the amplifier circuit is composed of two components: a dc

component and a signal component.

» The dc components are determined from the dc circuit below on the left.

= By eliminating the dc voltages, we are left with the signal components (on the right). The
resulting circuit is equivalent to the transistor as far as small-signal operation is

concerned.

|
'cl% R
IB_> +
VCE
Vb

e

Ve l I E_

L

Amplifier circuit with dc sources

Amplifier circuit with dc sources eliminated
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Bipolar Junction Transistors

The Hybrid-IT Moadel

voltage-controlled current-controlled
current source current source

Ic - gmvbe and Ib =Vbe/rH

\Y
be
=—+ gmvbe =

I

e

\" .
ﬁ(:I'_‘_gmrl‘l) :(gmrl‘[)lb

gmvbe = gm(ier)

9 Vee = By

0.V, :/_ é M, <l IBIB
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Bipolar Junction Transistors

The T Model

= These models explicitly show the emitter resistance r, rather than the base resistancer,
featured in the hybrid-mr model.

] \" Y
I, = %_ O mVpe :%(1_ gmre)
:Vﬁ(l—a)zvbe (1_ ﬁ j
r, r, p+1

gmvbe = gm(iere)

=(gnr. e
_ gmvbe = ale
I, l -
¢}
E E
voltage-controlled current-controlled
current source current source
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Bipolar Junction Transistors

Application of the Small-Signal Equivalent Circuits

The availability of the small-signal BJT circuit models makes the analysis of transistor
amplifier circuits a systematic process consisting of the following steps:

+» Determine the dc operating point of the BJT and in particular the dc collector current IC.
+ Calculate the values of the small-signal model parameters:

! B v, 1

Op=c-, b=, and r,=—"T~—
VT ! gm IE gm

+ Eliminate the dc sources by replacing each dc voltage source with a short circuit and
each dc current source with an open circuit.

+ Replace the BJT with one of its small-signal equivalent circuit models. Although any one
of the models can be used, one might be more convenient than the others for the
particular circuit being analyzed. This point will be made clearer later in this chapter.

+ Analyze the resulting circuit to determine the required quantities (e.g., voltage gain, input
resistance).
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Bipolar Junction Transistors

Example 4.9

= We wish to analyze the transistor amplifier shown below to determine its voltage gain.
Assume B = 100.

VCC =+10V @ 10V
! 23mA|f
% R, =3kQ =30
3V |
kQ|/ 100kO 31V
——— > AN
~ 0.023mA | ™ ®
(1) owv
1o l 2.323mA
L —_— ——
Assume v, =0 to find the dc base current @ The dc collectorcurrent will be
Vs — Ve = fl; =100x0.023=2.3mA

IB
R
3 OB; The dc wvoltage at the collector will be

l, ~ 22 _0.023mA
®~ 7100 @V =Ves = el
D0t a2y
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Bipolar Junction Transistors

Example 4.9, cont’d

Having determined the operating point, we now proceed to determine the small-signal
model parameters

Ry =100kQ

—0- —o0——
. + - |
r _
V; ? Vee 0.V, jRC =3kQ
= l E =)

' 25mV I
r=—= =108Q Ve =V, .
* 1. (2.3/0.99)mA ® T, + Ry Voltage gain :
VO
_le _23MA g malv =V, ﬁzo.onvi V—=—3-04V IV
"V, 25mV 101.09 i
B 100
S = g = :109 kQ VO z_gmvbeRC

v, =-92x0.011v, x3=—3.04v,
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Bipolar Junction Transistors

A note about Output Signal Swing

= The collector voltage (and vo) can have a maximum value of zero volts before the
transistor goes from forward active mode to saturation mode since the base is
grounded.

= When no input (ac) voltage is applied the output (collector) was found to be at a DC level
of -5.4V.

» |f we desire a symmetric output signal (about the -5.4V DC level) the signal would have
to goto-5.4-5.4 or -10.8 Volts (this is a large output signal swing).

» This causes a problem, since our lower voltage supply is only -10V.

= |norder to avoid possibly producing a distorted output signal the input signal range
must be limited so that the output is not clipped as shown below. Limiting the input
signal to smaller values to limit clipping is not the same as using a small signal to
invoke the linear approximation as indicated in the next bullet item.

= Another important point to be made about the output signal is that it is shown to be
linear in the figure below but in fact the i.-v,, characteristic is not linear for a large
output signal swing.

“clipping *
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Bipolar Junction Transistors

Modifying the Hybrid-r Model to Include the Early
Effect

» The Early effect causes the collector current to depend on vBE as well as vCE.

» The dependence on vCE is modeled by assigning a finite output resistance to the
controlled current-source.

= By includingro in the equivalent circuit shown below, the gain will be somewhat

reduced.
voltage-controlled current-controlled
current source current source
—
Bo—+ » o C Bo——h ©

VH§ Iy <l>ngﬂ§ r é 'n <l> i § F

E r0:|:aic :| :\i E
aVCE IC

Vbezo

Vo = _gmvbe(RC I ro)
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Bipolar Junction Transistors

Summary of the BJT Small-Signal Model Parameters

» Keep these at your fingertips (I.e. formula sheet for an exam or homework or in lab)

% See Table 4.3
» Model parameters in terms of DC bias currents

gm :I—C re :\i = \i
V; I I
rﬂ_ :\i:ﬂ \i rO :\Q
IB IC IC
= Model parameters in terms of the transconductance, g,
re :i r;;- :ﬁ
O I

* Model parameters in terms of r,

0,=%  n=(prlr  guro=c
re rﬂ re

» Relationships between the common-emitter current gain and the common-base gain

__a __B __1
F=i"a ““3a P,
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