Penn ESE319 Introduction to Microelectronics

NNNNNNNNNN f PENNSYLVANIA

Class B Output Stage

e Class B Operation
* Multisim Simulations
« Class B Power Efficiency

2008 Kenneth R. Laker (based on P. V. Lopresti 2006) updated 05Nov08 KRL



T

NNNNNNNNNNNNNNNNNNNNN

Penn ESE319 Introduction to Microelectronics

Class B Amplifier Operation
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Class B — Amplifier BJT conducts
for positive-half of v, cycle.

Amp conducts for all v, s.t.:
v, =0V=V,=07V

o v >07V=V,=0V

o Usually assume

} Class B operation
if Vo=0V.

Transistor cut off (i.= 0) if: :

v,+V <07V

NOTE: 1. when v = 0, :C = ()

2.a 2" class B BJT is needed to
conduct for the negative v, cycle.
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The Class B Output Stage

Forv,>0.7V

tVee  Vpen=v,—V,
vo=v,—0.7V
Forv,<-0.7V

4 Viggp=vo—V,

ign vo=v,+0.7V

O in

vyo—o IEP¢ 3 l

R,

Op

—Fee

0.Forv =0V, 0, and O, cutoff.
v, = oV

l. Forv, > Vow = 0.7V, Q, = ON, Qp = OFF.
. [ =iy iy

b. O, saturates ifv, > V_..-V_. .

c. Q,is cutoff forv, > -0.7 V.

The output voltage v, follows the input v,, less
the 9, V,,. drop, up to Q, saturation.

. Forv,<V_ =-07V,Q,=0ON, Q, = OFF.
A. [, =—1pp~—lcp

b. 0, saturates ifv, <-V .+V.

c. Q,iscutoffforv,<0.7V.

The output voltage v, follows the input v, plus
the 0, V,, drop, down to O, saturation.
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Class B Amplifier VTC Plot

Yo ) v, =v.—0.7V
saturated
Qv For:

0.7V <v.<(V o=V cpnea) + 0.7V

( V{.‘{.‘ - VCENsat]

0.7V
(—Vee T Vecpsas — Vegp) i e 0 V
: '\ (Vee = Vegvsa T Vaen) Uy ¢
: 0.7V For:
i —0.7V<v,<0.7V
: Slope = 1
Qp saturated (ZVee + Vecew) VOZVi+O.7 V
For:

—(V o=V gepey) =07V <v,<=0.7V
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Class B Crossover Distortion
Yok E-‘u+
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Crossover distortion in audio pow-
er amps produces unpleasant
sounds.

Y
!
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Multisim Simulation Class B VTC

¥S8C1l
x| ~ .
— Waveforms - G_
I Signal Options 0l A B
Fregquency |1 kHz XFG1 i O O
Dty Cyrcle | 50 1 1 4K — 1z W
Ampiitude | 14] = v — £ T —
oifsst |0 V|| 5 2N3904 g4
Set Rise/Fall Time. | Sy
+ Comman _ QE J.':":' D..".II['. J_;
= i [ va
= —{ — 12 v
2N3906
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Multisim Simulation Class B VTC - cont.

Oscilloscope-XsC1

Fun x|
— Waveforms
- Signal Options ————————— |

Freguency |1 kHz

Darty Cycle | 50

Amplitede | 74

Offsat

Set Rize/Fall Time. |
+ Comman =
g o T

— Timebase ———— Channel A
Scale| 10 ms/T Scale| 5 V/Div

X position I— ‘r’pnrs'rtinnl-l— M vel |0 -
Y| AddfE7A aB|| Ac] o |[DC ¢ | Ac| o JOC -| ¢ |SingNor Bute [ B|Ext
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Multisim Simulation Class B VTC - cont.

Oscilloscope-XSC1

Fun |

— Wawveforms

o | |

I Signal Options

Freguency |1 kHz

Dty Cyocle | 50

Amplitude | 2

Offsat

Set Fize/Fall Time |

+ Ciomninmeoin -

« « 8

Save

GMD {*

— Chann=l A — Chann=l B Trigger

Scale[ 10 m=/C Seale| 500 mVIDiv || seale [ 500 mviDi =l Ede [T €
X |position I— i p:-aiti:-rl-:— " position | © Level I:_I—
| asafei AB|| ac] o | [BC +)| Ac| o JOC |- | ¥ |Sing| Nor JRuic [ EB|Ex
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Multisim Simulation Class B Crossover Distortion

— Waveforms

| Signal Options ———————————————————
Freguency |1 kHz
Dty Cyche | 50

Amplitude | 2 _

Offsat

Set Rize/Fall Time |

Cimmnimacin -

Trigger

cale [ 200 p=/Div gige |£ x| O
X position [ 2 ¥ position] & vposion |0 |Level o [ v
[¥77 add| mia| & |[F o | joc] & |[FT o |oc| | |sglnerffie [F6]Exn

The “dead band” from V__ =0.7V<v <V __=0.7V causes crossover
distortion. This distortion is severe, particularly for low voltage signals.
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Class B Power Analysis
Simplifying Assumptions:
1. Ignore the dead-zone in v .

2. Let vy = Vecpsw = 0V => maximumv_swingis —V .<v <V ..

+¥ec
The average power to the load resistor: fo|
Ve v, |
PL—av:Vo—rmslo—rmS: T =——" u O
R, 2 R, vl
s I'EP¢
The average power delivered by the positive +V'__ power

O
supply over the positive half-cycle (current is zero from 7/2 to T): f.:pln

T T T ~Fec

2 2 2
1 . 1 . 1 Vo— eak - 27T
PDP—av:?f VCCZCth:?f VcclLdt:?fVcc -
0 0 0

sin(—1¢)dt
R, T

t]l—‘vw—<ﬂ - 1
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Class B Power Analysis - cont.

1 Vo— eak 0 . 27T
PDP—av:?VCC Rj f81n(7t)dt

0

Recalling from calculus fsin(ax)dx:_—lcos(ax)
a

1 Vi =T 27T t=1/2
PDP—av:/?‘VCC RP k( COS(—t))

1 Vo— eak
PDP_aV:—21T Ri Ve cos% & cos ( 7T0

v
PDP_W:—211T (’RpeakV {cos( COS(O)}

. 1 Vo—peak 1%

PDP—av_ cC
™ R,
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Class B Power Analysis - cont.

Power delivered by the negative -V __ power source is equal to that

for +V :
cC 1 V

. . o— peak
PDN—av_ DP—av ™~ VCC
™ R,
2V
Hence: PD—av:PDP—av+PDN—av: o_pek V

cC
RL

The power conversion efficiency of the class B amplifier (accurate for
v _ 1>07V)is:

1V o peat
. P,_, . 2 R, _ Vo—peak
n_PD—av_ 2 Vo—peak 4 Ve
T R, cc
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Class B Power Analysis - cont.

Maximum Class B power conversion efficiency:
Since we assume —V  .<v <V .

,
= opek )y =2 0785 or 78.5 %

Recall for Class A: 1,,,,=0.25 or 25 %

n

Power Dissipation:
Class B power dissipated in the transistors:

2 Vo—peak _1 Vi—peak

P -
™ R, “ 2 R,

PD—av_PL:

Disp —
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Class B Power Analysis - cont.
Note that the power dissipation goes to zero as V, ea approaches
zero ( More precisely, it's zero if V, ea is less than 0.7 V).
1V,

o— peak

P

_ . _ 0 — peak
Disp_PD—av PL—av_ V

R, 2 R,

To estimate maximum PDl_s . set derivative of PDisp w.rt. V . to zero, i.e.

. o-pea
dPoy 2 Vee Vo

Disp — cC_"o-p k:O => VO_ eakngCC<VCC
dV, w ™R, R, S

P 4 Ve 14 Ve 27V

Disp(max)__n_z RL 9) 7T2 RL 7T2 RL

7 P ispmas) is dissipated in 0, and 7 P ispma is dissipated in Q.

(m (m
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Class B Power Analysis Summary

2V V2
Power from sources: P, = sl P _ £ _cC
D—av T RL cC D—av(max) T RL
1 V2 1 Ve
Power outputto load: p, =— o peak P == cc
2 R, 2 R,
P C I Tt Vo—peak TT
ower Conversion n= N =—r0.785
Efficiency: 4 Ve 4
. L V Ve |4
Transistor dissipation P, = 2 0_peak 1 L o pew p _2 M
Disp R ccC 2 R Disp (max) 2 R
QN + QP: Tt L L T L
2
Max dissipation at: Vo_peaﬁ; Vee Mmas - pisp = 0.5

2008 Kenneth R. Laker (based on P. V. Lopresti 2006) updated 05Nov08 KRL 15



s

UNIVERSITY 0 f PENNSYLVANIA

Pe[] 1 ESE319 Introduction to Microelectronics

Power Dissipation Function Plot

Ppih LetV..=12Vand R, =100
; 2
Disp(max)— 2 CC:O.29W P :2 Vo—peak l Vo—peak
I Disp ccC
m™ R, 2 R,

Disp(max)
029 W

020 W N = 78.5%

h—.

Vee Vo_peak

0
7>J 0.7V Ve =763V

Not accurate for small vV .

a

=
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Power Conversion Efficiency vs.
Output Voltage Amplitude

0.8

0.7 |
0.6 .

0.5-
Efficiency(n) o 4 |

0.3-
0.2

--------------------------------------------------------------------------

0.0

| Let V.CC =12 Vand Yo:Vi—Q-7V

--------------------------------------------------------------------------
_________________________________________________________________________
"""""""""""""""""""""""""""""""""""""""""""

e O S

0.1

V (Volts)

o— peak

', =0.785
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Class B Audio Amplifier Example
It is required to design a Class B output stage
to deliver an average power of 20 W to an

8 2 speaker load.

tVec

To avoid saturation of the transistors and non-
Ov linear distortion, the power supply V.. is to be

5V greater than peak output voltage.

Ujo——¢ .- 0 Vg

K 1. Determine the V. required.

B 2. Determine peak current drawn from each
power supply.
- 3. Determine the total power drawn from the
=" power supplies.
4. Determine the power conversion efficiency.
5. Determine the max power each transistor

must be able to dissipate safely.
2008 Kenneth R. Laker (based on P. V. Lopresti 2006) updated 05Nov08 KRL
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Class B Audio Amplifier Example - cont.

SOLUTION:
1. Determine the V.. required.

P, .,=20W and R,=8Q
_1 Vi—peak_ — — —
Prw=5"5% =20W =V, w=V2P, R, =V2%20%8=17.9V
L
Vee=V oy 3V =179V +5V =23V

2. Determine peak current drawn from each power supply.

v,
= LTIV B
P R, 8.0

I
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Class B Audio Amplifier Example - cont.

SOLUTION cont.:

3. Determine the total power drawn from the power supplies.

2V ek 2 1791V
P _ o— pea V=
D—av T RL cc T 8.(2

23V =32.8W

4. Determine the power conversion efficiency.

TV o peas _TT 179V
4 Vo 4 23V

5. Determine the max power each transistor must dissipate safely.

1 1 Vie 1 (237)?
PDispN(max):PDiSpP(max):EPDisp(max): Tl'2 RL _1T2 8.(2 _67W

0.61 or6l %

n
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Multisim Simulation — Max Power Dissipation

VOZV[_0.7 V PDP—av UMD
1 Vo— eak : EI Ao
Prp_w=— =V e s s
TT RL |
=0265W =
o1
b
HFG1 M
— ENSEI-'_']—‘: =T
Ay
4 =763V § 9 & Q2 100 Chm
i-peak _|| | I_
m x
Waveforms __|:
||| | = EEEL L —
- SignalNQptions ———————————————|
Freque 1 kHz >'{‘-\ r’?‘i\
Dty Cycle | 25 * 3“5 ;l 5
Ampitude 7628 | ¥ 1
Offzat : '
Set RisefFall Tme. | =
+ ‘Cominmon =
) v i
P 0.2198 P
N .= = = =0.45
P, +P,. . 0.2429+0.2449

) _ 0240 _
Niheory PDP—av+PDN—aV 0.2654+0.265

L—av

=0.45
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Multisim Simulation — Max Power
Conversion Efficiency

PDP—av M2 W1
X o P -
432 103 mW Ve s

V - ]2 7 V 1w
i-peak — 12 ¥
—Wa'.lel’orrr;\ -".,‘.-".,‘.-".,.,
m Mlml 'T_ 'T U 0z 100 Chm

L Signal Opticns 1
ooy | — Wattme x
Duty Cycle | 50 W - -

| ;' — ZN3306 3 | vz 1

ampitesz [12.7 [ — 1z 7
Offset ) v PRy T
Set Fizelra Time. | Vs s
+ Coommaon - - = . =
: m - ® & &
= PDN—av
P, . 0.6772

=0.79

Tan = p P 0.4231+0.4239
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Anticipating Class AB — Eliminating
Crossover Distortion

If we bias the bases of the emitter follower pair, we can
set both transistors on the verge of conduction — or have
them conduct a small bias current with zero signal input:

VBB
~0.7 V.
2

.. Class AB is a compromise
%RL between Class and Class B

i Vcc
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Summary

Class B advantages:
1. Much higher power conversion efficiency than class A
for large signal amplitudes.
2. Zero power dissipation with zero input.

Class B disadvantage:
Higher distortion than class A, especially at low input
amplitudes.

Class AB operation is a compromise mode:
1. Delivering better linearity than class B, with reduced
efficiency.
2. Delivering better efficiency than class A, with reduced
linearity.
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