designfeature By Robert LeBoeuf, National Semiconductor

PARALLELING AUDIO AMPLIFIER ICs ALLOWS FOR

LOW COST AND HIGH OUTPUT POWER.

Current-sharing IC audio-power
amplifiers drive heavier loads

UDIO-POWER AMPLIFIER ICs suit low-power 1

Aapplications because of their low cost,
parts count, and size. Applications de-

manding higher output power challenge designs
based on IC power amplifiers. The IC’s normally ap-
pealing size can become a disadvantage when you
factor in thermal considerations. The size of the IC
concentrates the heat flux on a small area on the heat
sink, generating large thermal gradients. These gra-
dients limit the power dissipation of the IC as the
case temperature rises and approaches the maxi-
mum junction temperature.

SUPPLIES AND SWINGS

Beyond thermal limitations, IC power amplifiers
must also operate within electrical bounds. The IC
power amplifier’s output current is limited by the
maximum current density that the internal bond
wires and silicon can accommodate. The amplifier
requires a minimum operating voltage to keep the
distortion levels to a minimum

One method of increasing the power from
IC amplifiers that overcomes these problems is
connecting amplifiers in parallel so that they
share the load current. This arrangement not only
relaxes the current requirement on each amplifier,
but it also spreads the heat flux on the heat sink by
introducing more heat sources, each having a small-
er heat flux.

Lowering the speaker’s impedance and maximiz-
ing the amplifier’s output swing increase output
power:

2
Pave = ‘—VOUT> 1
2R¢p
where P is the average output power delivered to
the speaker, V , ;. is the peak output voltage, and R

is the nominal speaker impedance.

Using Kirchhoff’s Voltage Law, the sum of the
voltages across the amplifier, V,, ., and the load,
V,p must equal the supply voltage:

Vs =[Vaue| +[Vour|- @)

Next, the IC amplifier’s data sheet usually
states what minimum average output power, P, ,
the amplifier will produce with a specified supply
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An amplifier's thermal model accounts for three primary
thermal-resistance terms.
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Multicell amplifiers create parallel branches in the thermal
model, but the heat-sink-to-ambient term remains fixed for
a given heat-sink size.

voltage, V., and speaker impedance, R;. Solving
Equation 2 for V., inserting the result into Equa-
tion 1, and using these specified values, the expres-
sion for V. . gives:

Vame = Vsseee) —v2PuwRy = (3)
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The average power, P, that the am-
plifier dissipates is:

Rs

Y
Pop =—AL 4V .~V ). @)
AVE ZT\TRSP( S OUT)

<
j Note that Equation 4 is parabolic. P,
VOUT

I .
out reaches a maximum when V=2V /7,

l so if the music listener sets the volume to
Zsp

this value, the amplifier will dissipate
maximum power. To find this value, sub-

stitute 2V /7 for V ;.. in Equation 4:
2
Paye (MAX) =2 ys : (3)
This transconductance amplifier cell forms the basis for a multicell compound amplifier. T Rep
where P, (MAX) is the maximum aver-
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An amplifier cell's phase margin (a) improves by about 307 with the addition of a 12-pF compensation capacitor (b).
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age power dissipation of the amplifier.
This value is the one to use in the
thermal model. Figure 1 shows a
thermal model of a single amplifier and
an equivalent schematic. Fourier’s Law of
Conduction gives the relationship be-
tween the power dissipation, P, and the
thermal model’s variables:

TI —Ty

=— 8 (6)
Oj¢ +0cg + 65,y

|

Figure 7

where T, is the junction temperature in |

degrees Celsius; T, is the ambient tem-
perature in degrees Celsius; GJC is the
thermal resistance from junction to case;
B, is the thermal resistance from case to
heat sink; and 0., is the thermal resist-
ance from the heat sink to ambient.
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You can see the compensation capacitor's effect in the amplifier's closed-loop response.
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Four current-sharing cells form the complete amplifier.
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Attaching multiple amplifiers to the
same heat sink provides additional
branches for the heat to flow (Figure 2).
Assuming identical thermal paths for
each device, Equation 7 models the net
behavior:

GIC + GCS + nOSA

Py (MAX) = ™

IC amplifiers’ data sheets state the
maximum allowable junction tempera-
ture. As a numerical example, assume
that 6, 41°C/W, 6,,40.4°C/W, the maxi-
mum allowable junction temperature is
120°C, and the ambient temperature is
20°C. A heat sink, such as a Wakefield En-
gineering’s (www.wakefield.com) 392-
180AB, which is 180 c¢m in length, has a
0,, of 0.43°C/W with natural convection
and 0.11°C/W with forced air. As you add
amplifiers to the heat sink, the benefit of
additional amplifiers decreases (Figure
3). The total output power versus n—the
number of amplifiers—is also of inter-
est (Figure 4). You can find this function
by substituting Equation 6 into Equa-
tion 5 and calculating R,,—the corre-
sponding speaker impedance. Find the fi-
nal answer by inserting the calculated
speaker impedance into Equation 1 with
the maximum output voltage from
Equation 5 to get:

Pave = (8)
2
nn? (VS(SPEC)_VS ‘\IZPMINRL) (T-T)
1A
440, +Bg +nbgy ) J

COMBINING AMPLIFIERS

As stated, you could parallel the IC
amplifiers together so that they share the
output current. One method of combin-
ing amplifiers in parallel to share the load
current uses the IC amplifier as a
transconductance gain cell (Figure 5).

The relationship between the input
signal, V,, the output current, I ., and
the output voltage, V.. is given by
loyr = 9
Rg—GZ

RoRg+ZRg+RRg+ZRg + RgR + GRR¢
Vi +aVours

1
og=—e
2

where G is the open loop gain of the am-
plifier; R=R =R,=R;; Z is the parallel
impedance formed by R,and C; R is the
amplifier’s output resistance; and R, is
the shunt resistance. :

You can examine the transconduc-
tance amplifier’s behavior at both high
and low frequencies. At lower frequen-
cies, your implementation should allow
you to assume a large open-loop gain, G,
and a large capacitor impedance, so that
Z is approximately equal to R, which is
equal to R. If these assumptions hold,
Equation 7 reduces to:

—Vin _ Vour
Rg 2R

Amplifiers may require a minimum
closed-loop gain, A (MIN), to ensure
stable operation. To obtain the value of
A (MIN) you must calculate the
transconductance amplifier’s feedback
factor, B. For amplifiers driving speaker
impedances of less than 1002,

-1 Zsp(R—Z)+2RRg

=" (Zsp + Rs + R)(R+Z)’

(11)

Ioyr =

(12)

For inband signals, C, essentially has
no effect, leaving Z equal to R. Therefore,
Equation 12 reduces to:

B:i. ERS

= (13
2 (Zgyp+Rg+Rp) (13)

The inverse of B is the closed-loop
gain, so you can use this equation to se-
lect the shunt resistor, R, to satisfy the in-
equality 1/8>A (MIN) for the range of
speaker impedances you expect to drive.

Given normal part-to-part variations
and differences in speaker inductance,
you should design for additional phase
margin. One simple method is to add a
capacitor, C, across R,, (Figure 5). You
can examine the feedback factor, B(f),
and, more important, the loop gain, T(f),
to see what effect C, has on the phase
margin. First, the Z in Equation 12 be-
comes the parallel combination of C,and
R Moreover, if you are going to employ
multiple transconductance amplifiers,
the real component of the speaker im-
pedance, R, that each amplifier sees is
bigger by a factor of the number of am-

(10)

252 '
—2R’—R’G—2RZ + RZG~RR5—3RoR~GRRs~ZRs~ZRo~RoRs

R(GRRg + RRg + RgR + ZR, + ZRg + RgRg)-
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plifiers used. In other words, if V.=
IoyrRs, With a single amplifier, then

our— lourRs, for n amplifiers. As a re-
sult, each amplifier sees a load of

nR,,+j27fL,. Substituting these values

into Equation 12 yields:
i (14)
169) 2

[n(Rgp +j2nfLgp) +2R; [jRfCeR + Rg
[n(Rgp +j2nfLgp) + Rg + Ro |iRfCeR +1)°

Calculating the loop-transfer function
requires knowledge of the IC amplifier’s
open-loop-transfer function. For exam-
ple, the data sheet for National Semi-
conductor’s LM3886 approximates the
open-loop transfer function as:

19
a6 = 6.63301(2) .
(2.6510° + jf)?(13.3 + jf)
It has an internally compensated pole
around 13 Hz and two poles near 2.65
MHz. Continuing with the example, as-

sume numerical values of: R;=0.4(},
R=10kQ, R;=0.250, R,=2(, n=4,

(15)

and L, =50 pH.
The loop-transfer function, T(f)=
B(f)G(f), expands to:
=1, (16)
()=~

[4(2 + j2nf(50 0107° )) +2e 0.25] fefCe10* +0.25

[4(2 + jan(SO . 10‘6)) +0.25+ 0.4] (jmfCe10* +1) )

6.33010"
(2.65010° +jf)2(133+jf)

Plots of Equation 16 with the associ-
ated phase curves demonstrate the effect
of feedback compensation (Figure 6).
Figure 7 depicts the closed-loop re-
sponse.

Finally, the composite amplifier’s in-
put impedance, R , is:

nRgp +2R (17)

Ry =RRg )
n(2RR + nRRgp + nRsRgp)

Figure 8 shows a complete schematic of
a four-cell amplifier.
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