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What you should know already?

Imperial College
London

EE1 Analogue Electronics

C-E Amplifier Revisited Quiescent Analysis
« KVL on nput si(

Imperial College EE1 Analogue Electronics

- London
VBIAS B IBRB +

BJT Current Mirror
and Vge # 0.7V, Iy =

Y
INPUT SIDE N Imperial College EE1 Analogue Electroni
— | alogue tElectronics
= L. ~ (Vy 4 London
E R. | Qriv |
[Rg -~ The Differential Pair — large signal v
CcC
* As before: « For transistors identical apart fi Vour Vour2

VN1 Ve

Ve = IgRg I~ Iy

« If transistors are matched, then:
where we have used I @ A, ang

I I
Iey _ I,

= 1+ exp(—Vp/Vy) = 1+ exp(Vp/Vr)

Vp, = (Vin1 — Vino) is the DIFFERENTIAL INPUT VOLTAGE

—
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Rules of thumb — Bipolar Junction Transistor (BJT)

X5 VBE <0.7V
Transistor OFF

Near zero Ig and I¢
(except leakage)

Good for digital circuits

* Vge20.7V

BC junction diode
reverse biased

Transistor in
linear/active region
lc = B |g applies
Good for analogue
circuits

* Vge20.7V

BC junction diode
NOT reverse biased

Transistor in

saturation region

lc<Bls
Good for dig
circuits

ital
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NPN Transistor in Linear Region

Common-emitter amp Quiescent (DC) condition — biasing

(Class A) Ensures transistor in linear region
Operating condition determined by I
Use large signal model

lg=1c/B

Saturation j Diit'iad E
Ic Begion _ _ W
| —(mA) / Active Region //
VBEZ 0.7V ""Ez - A / 1/ Ig = 120uUA
— L 4 / Ig = 100uA
% BE junction diode forward biased (ON) o / Is = 80U
. . . . 50 =
« BC junction diode reverse biased (OFF) Q-point . S
. . . . . 40 4 I
« |¢ is often determined by DC bias circuit N , . S
. J 1 B= LA 5
« |g then fixed by 3 '
20 ! Ig = 20UA
+ Vg can take on any value between " | =
3VandV : ;I- B
0.3V and cC 0 " Cut-off Region le=0
o 2 1 & s w0 1z =V
Ve = - 1 Vi '-.:"n”"l&l'l le=0
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Small signal behaviour of NPN transistor
VAN

e

Sl

l

ls=1c/B 8 : ‘ SIC/B

TVCE >0.7V "
O
Vge2 0.7V T<<9 SVBET lll]
Quiescent I determine % Olg = 0Vge / I'gg
operatlr)g point | o Oi c=0nm SVBE
Small signal model — 2 resistors . .
e and ro, and a current source % Olg = olg * Ol
r, large - can be omitted # ourrent gain: p=dic/dig
< transconductance: gm = Oic/dvge = Ic/V+
<+ Input resistance: = 0V / dig = BV+/lc
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Inside a typical op-amp

< Three stages architecture:
1. Differential input stage — long-tail pair (Yr 1 Circuits part 2, adc_9, slides 8-14)
2. Voltage gain stage — common emitter amp (adc_6, slides 3-7)
3. Output drive stage — push-pull circuit

“Wee
R2
R3

Q4
Q1 Q2 & 9 OVout
IN <O OIN -- Qs
V
NQ3
R1
&+ + o Vss

PYKC 17 Oct 2023 EE2 - Circuits & Systems Lecture 3 Slide 6



Differential Input Stage — differential gain

- Consider Vi, =0, IN - is grounded
» Ve=0.7V
2 lr=(Vee—0.7) /Ry

v =l =Yl =% (Voo - 0.7) R,

s — *
@ Vi =Ry % lgq + Vgg

v, Apply small input signal 8V;,

< OVE = /2 0V,

“ dir="20v,,/Ry,=0

“* dip=-3i,=-g," 20V,

Avgiff = OV4/ 8Vin = -2 gy * R4 & 8V =R, *8i=-R,*g.* ¥ oV,

(Nss
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Differential Input Stage — common mode gain

Apply vep to both inputs

Wee

o SVE ~VcMm
o 8|T ~ - 6VE/R2 - - VCM /R2
’:‘8iC1z8iCZ=%8iT='%VCM/R2

X 8 Vout ~ - R1/2R2 * VCM

Rt Avem = 0 Vout / Vom = - R4/2R;
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Small Signal Gain stage

<« Common Emitter amplifier (Yr 15t ADC part
2 Lecture 6, S7)

° — *

% OVout= - 9m OVin~ R3
Ay = dVoyt/ 8Vin = - 9m R3
< Increase g,, and Rj

< Most of the voltage gain produced by this
stage
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Gain stage is not suitable to drive output load

Ve < Common-emitter amplifer is also called a
i Class A amplifer (hame does not matter)

» R3 is the load (e.g. speaker)

R3
< Transistor Q3 works throughout the entire
cycle of a sine signal (360°)
0 .
T < Very poor power efficiency:
Vout - eppiciencyy = Jlomerieen < o5
-

Vi 1
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Efficiency of a class A amplifier

« Assume Vout at quiescent (i.e. no input) is biased to

be at Vcc/2
Vee + Quiescent collector current loq = (Vcc/2)*R3
« Average power drawn from supply vzoltage iS:
R3 P;(dc) = Ve Ieq= %
« AC power delivered to load R3 is:
L0 Vo (rms)?

F,(ac) =

R3
+ B, Is maximum when V,,; pk—pk) = Ve, 1.€. maximum

O K —L— output voltage swing
Q3 g

V T X Or Vout (T'mS) - Vcc/ZX/E
. 2
" + Therefore max F,(ac) = %
#
L + Hence max y = meximum Po(ac) _ Vec/3R3 _ 1

E— P;(dc) " Vec?/2R3 4

PYKC 17 Oct 2023 EE2 - Circuits & Systems Lecture 3 Slide 11



Output Stage

CROSSOVER
DISTORTION

\/
0’0

Yr 18t ADC part 2 Lecture 6, S3-5

Q4 is emitter follower (Common-Emitter) for
sourcing current to Vout (PUSH)

Q5 is another emitter follower for sinking current
from Vout (PULL)

This is known as a PUSH-PULL or class B
amplifer circuit

8Vout = §Vj, I.e. its gain is 1

Each transistor only operate for half cycle or
180° of a sinewave signal

Further, Q4 and Q5 requires VBE > 0.7V to start
conducting, therefore this amplifier has
distortion.
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Push-pull (Class B) amplifier efficiency

“Wcee

CROSSOVER
DISTORTION

\/
0’0

Assume Vss = -Vcc for simplicity, output swing
is =V, and V, = Vcc.

Q4 and Q5 conduct only for half cycle, hence
DC supply power P;(dc) = V¢ Ipc

Average current is that of a full-wave rectified
signal: Ip-= %ka where I, is the peak output
current.

Hence Ip.= —( ) and P;(dc) = = V;C )
L

Output AC power is (from before)
Vout(pk—pk)2 _ (zvpk)z . VCCZ

P,(ac) = = =
o(ac) 8R; 8R; 2R;
_ _Polac) _ Vec?/2R, _ m _ 0
Hence n = P (o) Z(Vccz) == 78.5%
T RL
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Driving 8Q2 speaker with LM386

LM386
Low Voltage Audio Power Amplifier

Amplifier with Gain = 20 Features

Minimum Parts Battery operation
Minimum external parts

Wide supply voltage range: 4V-12V or 5V-18V

Low quiescent current drain: 4mA

Voltage gains from 20 to 200

Ground referenced input

Self-centering output quiescent voltage

Low distortion: 0.2% (A, = 20, Vg = 6V, R, = 8Q, P, =
125mW, f = 1kHz)

Available in 8 pin MSOP package
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LM386 as a practical x20 amplifier (Lab 1)

C4 1u

V.. 1 3
G A

60 p
50 Cyg = 10aF
= a 7L
-
.é. a0 “ ol
S
w 30 Cis=0 .
- 0
z ) ‘
s 20 M
> %
10
0 ol
100 1k 10k 100k ™

FREQUENCY (Hz)

LM386 provides x20 gain
Drives 8 ohm speaker
C4 and C8 — blocking DC

C6, R6, compensate for series
inductance in 8 ohm speaker
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