ELECTRONICS 3 EXERCISE

Ips, DRAIN TO SOURCE CURRENT

16

POWER AMPLIFIERS

Explain what are classes A, B, AB and C amplifiers in terms of DC biasing using a MOSFET drain
characteristic.

Refer to the graphs of page 2 and the table at the top of page 3 of the theory notes to answer the
following questions:

How does efficiency vary with signal level?

In classes B and AB, does efficiency vary with the type of waveform used? Explain.

What waveform produces the worst case power dissipation of the power transistors? Explain.

For what signal level is the power supply stressed the most? Explain

For what signal level are the power transistors stressed the most? Explain

Explain what crossover distortion is and what causes it in class B amplifiers?
How does class AB biasing reduce crossover distortion?
Explain what harmonic distortion is.

When feedback is used with an op amp, explain how crossover distortion is reduced and how the op
amp frequency response will affect the amount of distortion.

Explain why diodes or a Vg multiplier are better than a simple resistor to bias a (BJT) push-pull
stage in class AB.

Refer to the circuit diagram on the next page and the MOSFET transfer curves shown below.

Assuming that the MOSFET's have a |VG5(TH)| that ranges from 1V to 2V, determine the values of R1,

P1, R2 and P2 that are appropriate — allow for safety margin, say Vgs adjustment range of 0.5V to
2.5V. Assume 1W pots are used

If Rps (ony = 0,3Q for the MOSFET's when V,, is maximum, determine the peak AC values of V,, Voa,
Vgs3 and vgssand loa . Assume MOSFET's heat up to 125°C — use 125°C MOSFET curve.

From values obtained in part B, calculate P, max and the maximum efficiency of this amplifier and
P..x of each MOSFET assuming a sinewave input. ~ Specify at what input signal level the power

transistors will dissipate maximum power.
Repeat question C for a square wave input.

What is the effect of the 2.2 uF capacitor on the gain response of the amplifier?

14

12

Vps = 10V
PULSE DURATION = 80us 1/ ,/
DUTY CYCLE < 0.5% MAX // / 125°C

10

-40°C

4 5
Vgs, GATE TO SOURCE VOLTAGE (V)
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9. Sketch a bridge power amplifier, explain how it works and also explain why it quadruples the

maximum O/P power.

10.

over the simple bridge amplifier.
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Sketch a bridge-parallel power amplifier, explain how it works and explain what the advantage is
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11.

+35V +35V
0.1
LM3886 VW LM3886
“ -35V
RE1 RF1 Vout RF2 RE2
+35V 8 a +35V
LM3886 I
RE1 RF1
A) From the clipping voltage graph in the data sheets, determine the maximum unclipped O/P voltage

across the load and then compute the maximum O/P power (assume sinewave input) and compare it against
the typical value specified in the data sheets.

B) What is the power consumption of the above amplifier at the maximum power level found above?
Assume sinewave input. Determine the maximum heat sink resistance required at To = 30°C assuming that
the four amplifiers are mounted on a single heat sink with 0.2°C/W insulators.

C) If the input signal ranges from 0 to 1V, determine all resistors required to provide maximum O/P
power to the speaker. Assume sinewave input and allow for 10% more gain than required minimum to ensure
maximum power is achieved.

D) If all Rg’s and Rg's have 0.1% tolerance, what is the maximum current imbalance between two parallel
amplifiers?

E) What is the maximum current imbalance caused by DC offsets of the LM3886’s between two parallel
amplifiers?

F) To solve the current imbalance caused by DC offsets, add an AC coupling capacitor to the input and
also insert a capacitor in series with all Rg’s. Calculate proper values for an audio signal and explain how that
reduces the DC current imbalance in parallel amplifiers.

G) Sketch the gain response of the inverting amplifiers and that of the non-inverting amplifier. Include the
effect of the AC coupling capacitor used with the front-end buffer in both gain responses.
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EXERCISE

49

To calculate P4 and Ry assume matched MOSFET’s, equal Vgs values, this entails I = Iz and Izr, = 0 and a
range of current of 0.4212 mA to 1.088 mA through P, and R;.

28.6V

=26.29k ~ 67.9k

R, +

Let R, =24k then P, +R, =

17 0.4212 mA  1.088 mA

24k - 74k

P, [67.9k —26.29k =

41.61k P, =50k

When MOSFET’s are mismatched, Vgs values are different, R, has to absorb the difference between I, and Ig
that is I - Is = Iro. R» should be selected such as not to set P, too close to +35V and not too close to 0V, the
worst case being 0V. Let Vg, max = 10V, therefore Vrap, = 14.3 £10 = 4.3V to 24.3V which is a safe range.

= ]'O—V =15k
0.666 mA

2

Let P, = 20k and verify that maximum current is not excessive.

PmaleﬁaxRﬂImax:W/R“—aX:X/ﬂ:ZO?mAfoer and Imaxzw/ﬂz4.47mAforP1
R 20k 50k

24k
VW@ -14.3V

+35V
3.13 1.19
15k mA mA 50k
+143V @—MN—<—— 1143V @ >4
1.38 20k
mA
1.75 mA
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Worst case scenarios
are shown beside. One
must ensure | t0 be
below maximum values
calculated above. Any
part of the pot that
carries more than limit
becomes a hot spot that
may be damaged.
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8 C) For sinewave input see equations and graph on page 2 of theory notes.

2 2 \
Vs :Ex£:194_ggw dri :ﬂ:@:o,ggo:;

P 2
R, m 4 V, 35

max

2
=—X
T

e T -2 T 2
P_max =Py x P, = xdri* xPy,, =~ x0.9303 x194.96 =132.52W

P, max =Pq xP,,, = 1 %194.96=62.06W _ 31.03W per MOSFET
T

P, max occurs atV, = £x35 =22.28V, andV, =2.228V,
m

nmax = %x dri = gxo.gsos =0.7306  73.06%

8 D) For squarewave input see equations and graph on page 2 of theory notes.

2 2 \Vi
_Vs _35 _30g05w  dri= ek = 3296 _ g g5

L 4 S
P max=P.xP_ =dri’?xP,_ =0.9303% x306.25 = 265W

P, max =Pgq xP,,, =0.25x306.25=76.56W — 38.3W per MOSFET
P, max occurs atV, =0.5x35=17.5V, andV, =175V,

nmax =dri =0.9303 - 93.03%

8 E) 20 dB
A, =-Re__ Re _ SCRe 20 dBidec
" Ze g 1 I4SCR
SCe 3.62 Hz
Fo=— L =362H
21C. R,

9A) Use lower saturation voltage, that is Vsat min = Vsup — VcLP max

40 T T 1 322Vp 3975 Y w
CLIPPING VOLTAGE (-V r : .
35| (Vee)\ y m 32.2Vp
= CLIPPING VOLTAGE {‘f\"cc)\ \
- |
i A s s s V),
gw"é e m -32.2Vp
27v-TT | '
g 20 == The load voltage is Vi oap = 64.4*8/(8+0.1) = 63.6 Vp . The load
] Vsar =35-2.8=32.2Vp seen by each amplifier O/P is a grounded 8.1Q load.
1.5 2 2
V 32.2 V 63.6
o =-0=22 =g p=—p =20 _o58y
10 |, 3.975 2R, 2x8

10 15 20 25 30 35 40
SUPPLY VOLTAGE (V)

This corresponds to 63.2W per amplifier delivered to the load.
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The data sheets state 50W typical O/P power for an 8Q
load with 35V supplies for THD < 0.1%. We calculated
P. max = 63.2W (for sinewave signal) per amplifier at
the lowest clipping level which produces a THD higher
than 0.1%.

\Y
P =—X——=—%x——=06.28W dri = VA = —5 =0.92 at max O/P or drive level

"m R m 81

P, max = P,. max = Pq xP,,, = % x96.28 = 30.65W per LM 3886 occurs at V, = % x35=22.28V,

P, max = PsxP_ =drixP,_ =0.92x96.28 =88.58W per LM 3886 occurs at max O/ P or drive level
The total power consumption is therefore Ps max =4 * 88.58 = 354.3W

150°5C 30.65W 1ocv c¢ 0200w
J . o 20 s . . . .
T max AN . AR . The maximum heat sink resistance is
INSULATOR 113.22 oC
max 83.22
30.65W 1 ocyw 0.2 °C/W 6, =———=0.68 °C/W
[ VWA——— /AN ® 122.6
30.65W 1 ociw 0.2 °C/W The above value was obtained
VA ’ VAN ® assuming a sinewave input, therefore
in practice the power dissipation may
30.65W1 oCIW 0.2 °C/W exceed the value we have calculated.
To be safe, we should use a heat that
has less than half of the above
+ calculated thermal resistance.
<® C/P N %83.22 oC
max
30°C )
A v ‘
A
11 B)
A :V_o :ﬂx]ﬂl:Z&OS\//\/ The gain value itself is not critical, but
Vi, W, x\/E matching of the inverting and non-
R R inverting gains is very critical, therefore
s : _ F F_ let us use a gain of 25 V/V and 0.1%
Non —inverting amp A, _1+R_ b —==24.05 tolerance resistors for Rg and Rr. The
E balancing resistors are not critical, they
. . R R are there just to minimize the O/P DC
inverting amp A = —R—F 0 —F=25.05 offset. :
E E
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+35V
x 2 +35V
%
0.1 0.1
LM3886 A YV 13886 ‘
|
2k 0.1% 48k 0.1% 50k 0.1% 2k 0.1%
Vin @—e ‘%
8 Q
+35V
. +35V
2k 2% 2k 2%
' LM3886 > —/\N\—
0.1
"V —e
2k 0.1% 48k 0.1% 50k 0.1% 2K 0.1%
D) Using the formula from the notes, we have
4><TOL xV, nominal
0 4x0.001x32.2 64.4V
Al =—100 = =1.288A, =1, -1, +1, =P =7 95A,
0.1 0.1 8.1

Solving for the above two equations we have |1 =4.62 Ap and I, = 3.33 Ap . Mismatch of the gain setting
resistors - Rg and Rr - causes AC current imbalance between parallel amplifiers.

E) V., max= iVio%+&Et IR,
RE

V,, max = ilOmB,+
0O 2k

Non-inverting amp

Inverting amp  V,, max = ilOmB.+

%Eto.zuxsok = +0.27V

48k

for balanced inputs

0.1
—/\W—— -0.27V

ov

0.1
+0.2596V —AA—
2.596A 2.7A
0A 0A
ov
2.596A 2.7A

-0.2596V —/\\V—
0.1

C. Sauriol

Power Amplifier Exercise

—/\WV——+0.27V
0.1

Rev. 5/5/03

EtO.ZHX48k — +0.2596V

As you can see, DC offsets can
cause a large DC current to flow
between two parallel amplifiers.
To reduce the maximum DC
current one can increse the 0.1W
resistors or resort to the scheme
used in step F.
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11 F) Let's use a cutoff frequency of 5 Hz so we do not attenuate LF audio signals. All of the Cg’s will
introduce a cutoff frequency

o 1 _ 1 _ 1
© 2mR.C. ° 2mF.R. 2mx5x2k

=15.9 uF - 15 uF std

+35V

2k 2% K 2%

0.1 1%
n_‘/\/W

15uF 2%

15uF 2%
20k 2%

2k 0.1% 48k 0.1%

50k 0.1% 2k 0.1%
o] | v7 |
—@

15uF 80
2%
° +35V Vout

+35V

M3886

-35v

2k 2%

0.1 1%

15uF 2% 15uF 2%

2k 0.1% 48k 0.1% 50k 0.1% 2k 0.1%

48k

Non-inverting amp V,, max = ilOmB.+
0 o

EtO.Z/JX48 = +19.6mV max

50k
Inverting amp  V_, max = ilOmB.+ —Hi 0.2u x50k =+20mV max
0 o [
A picture is worth a 1000
0.1 01 words ...
+19.6mV —ANV— — ANV -20mV
0.196A 0.2A Now worst case DC currents
0A - 0A are reasonable.
ov ov

I NOTE: One needs the input
0.196A 0.2A DC blocking capacitor shown
above to remove any DC
component from the signal,
otherwise the load may have
to absorb a large DC current.

-19.60mV —AN— —/\V— +20mV
0.1 0.1

11F) Gain Response of input amplifier
> ¥ 0dB
V, ) _ Ri, _ SC,R, 1666\@& :
X '
Vi, ) R, +L SC,R,+t1 —» 0dB ~, >~ .
SCin E \8/‘7@0
5.3Hz

| 1 _ 1
RinCin P RinCin 15” x 20k

SC,R,+1=0 S, =-

=333 r/s F.=53Hz
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Gain Response of inverting amplifiers Re = 2k, R =50k, Cg = 15 pF
i p inverting amplifi E F E H ZOXLOGE&FE
2666“560 Z
x 27.96 dB
Vo) _  —R: -SC.R, ——»

1 - ENE 1066\(5‘60 :
Vin(S) R+ SCE RE +1 — 0dB 2 x !
= sC NS 5.3 Hz
E : er
5.3 Hz

The HF frequency gain will start dropping off because of the GBW of the LM3886’s.

Fy =B, 5 XGBW = — E_ xGBW = — 2K xgM =307.7 kHz
+R 2k +50k

E F

27.96 dB

~ 2 0
o/ /O'e
c

307.7 kHz

with input amplifier response combined

Gain Response of non-inverting amplifiers Rg = 2k, Rg = 48k, Cg =15 pF

Vo® g, Re _., SCeRe _ SC.(R. +R.)+1
Voo g o4 1 SC.R.+1  SC.R. +1
£ sc,
0212Hz 0 R
SC, (R, +R.)+1 . | ﬂgoﬁ\/‘) 20xLOGE+REE S 276dB
. :
0212 Hz oo :
1 0dB R 5.3 Hz

P — N0
+ - 95
SC.R. +1 | ot —
5.3 Hz

The HF frequency gain will start dropping off because of the GBW of the LM3886’s.

F, =B, e XxGBW =— E__xGBW =— 2K __xgM =320 kHz

e tRe

2k + 48k

27.6dB

320 kHz
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