Philips Semiconductors TDA8920TH

2 x 80 W class-D audio amplitier

October 23, 2001 Objective specification
Version : 1.1

TDA8920TH

Class-D audio amplifier 2 x 80W
Single chip

1. General description

The TDA8920 is a high efficiency class-D audio power amplifier. Typical output power is 2 x 80 W and it operates with
high efficiency and very low dissipation. The device comes in a HSOP24 power package with a small internal heatsink.
Depending on supply voltage and load conditions a very small or even no external heatsink is required. The amplifier
operates over a wide supply voltage range from +12.5 up to =+30 V and consumes a very low quiescent current.

2. Features.
- High efficiency (~90%)
- Operating voltage from +12.5 V to + 30V
- Very low quiescent current
- Low distortion
- Usable as a stereo Single-Ended (SE) amplifier or
as a mono amplifier in Bridge-Tied Load (BTL)
- Fixed gain of 30 dB in Single Ended (SE) and 36 dB in Bridge-Tied-Load (BTL)
- High output power
- Good ripple rejection
- Internal switching frequency can be overruled by an external clock
- No switch-on or switch-off plop noise
- Short-circuit proof across the load
- Electrostatic discharge protection
- Thermally protected

3. Applications

- Television sets

- Home-sound sets

- Multimedia systems

- All mains fed audio systems
- Car audio (boosters)
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4. Quick reference data

2 x 80 W class-D audio amplitier

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

General, Vp =+ 25V

Vp operating supply voltage +125 [+25 \%

lg(tot) total quiescent current No load connected - 55 mA

n efficiency Py =30 W, SE: R =2x8Q - 90 %
fi:].kHZ

Stereo single-ended configuration

Po output power R =8Q, THD = 10%, Vp= + 25V |36 39 w
note 1
R =4Q, THD = 10%, Vp=+ 27V |74 80 W
note 1

Mono Bridge-Tied load configuration

Po output power R =4Q, THD = 10%, Vp=+ 17V |100 110 w
note 1
R =8Q, THD = 10%, Vp=+ 25V |128 140 w
note 1

Notes

1. See also section 15.2.5: “ heatsink requirements” in the test and application information

5. Ordering information

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
TDA8920TH HSOP24 plastic, heatsink small outline package; 24 leads; low stand-off SOT566-2
height

Objective specification / 10 october 2001 / version:1.1




T"T:UOISIBA / TOOZ 1900100 QT / uoneanynads aAndalqgo

H.10z68vAL jo weibelp 3o0|g :T ainbi4

VDDA2 ‘ ‘ VDDA1 STABI PROT VDDP2 | VDDP1
3 10 18 13 23| 14
Rfeedback 15§ BOOT1
IN1- §9 ‘ -
driver
input stage|—————— RELEASE1L high
PWM
IN1+ §8 modulator trol &
o SWITCH1 Eoncgoh ‘
mute andshake 6l our1
SGND1 g1 ENABLE1
driver _{
Shnd low
f stabi
OSCy 7 temp. sensor VSSP1
oscillator manager current prot. VDDP2
MODE |6
mode 22 BOOT2
I
Sgnd TDA8920TH ENABLE?2 driver
sGND2 |2 high
mute L control &
SWITCH2
IN2+ §5 r PWM handshake 21 OUT2
modulator .
input stage driver
ne- b RELEASE2 low
+ 1
N Rfeedback
|12 24| |:|-| 19 17 |20
VSSA2 VSSAL VSSD | | SUB/VSSD* VSSP1 VSSP2

Note(*): pin19 should be connected
to pin24 in the application

weJbeip 3o0jg 9

Jaidwe oipne a-ssejo M\ 08 X 2

HL10c68vdLl

sJojonpuodiwas sdijiyd



Philips Semiconductors TDA8920TH

2 x 80 W class-D audio amplitier

7. Pinning information

SYMBOL PIN DESCRIPTION
VSSA2 1 Negative analog supply channel 2
SGND2 2 Signal ground channel 2
VDDA2 3 Positive analog supply channel 2
IN2- 4 Negative audio input channel 2
IN2+ 5 Positive audio input channel 2
MODE 6 Mode select input (standby/mute/operating)
0oSsC 7 Oscillator frequency adjustment, or tracking input
IN1+ 8 Positive audio input channel 1
IN1- 9 Negative audio input channel 1
VDDAl 10 Positive analog supply channel 1
SGND1 11 Signal ground channel 1
VSSAl 12 Negative analog supply channel 1
PROT 13 Time constant capacitor for protection delay
VDDP1 14 Positive power supply channel 1
BOOT1 15 Bootstrap capacitor channel 1
OouT1 16 PWM output channel 1
VSSP1 17 Negative power supply channel 1
STABI 18 Decoupling internal stabilizer for logic supply
SUB/VSSD 19 Substrate, must be connected to negative supply VSSD (pin 24)
VSSP2 20 Negative power supply channel 2
ouT2 21 PWM output channel 2
BOOT2 22 Bootstrap capacitor channel 2
VDDP2 23 Positive power supply channel 2
VSSD 24 Negative digital supply
Notg ™*): pin 19 shoyld lbe connected
i J L. g Vssaz to pin 24 in the application
vopP2 [23] 2] senp2.
veooT2 [22] 5] vppa2
out2 [2] 4] N2
vssP2 [20] [5 ] N2+
suB/vssD* [1] asezotH | e MODE
sTABI [18] 7] osc
vssP1 [17] 6] N1+
out1 [1s] o] Nt
BOOTL [15] [10] vDDAL
vDDP1 [14] [11] senDi.
PROT |13 12 | VSSAl
1P

heatsink up

Figure 2 : Pin configuration of TDA8920TH
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2 x 80 W class-D audio amplitier

8. Functional description

8.1 General

The TDAB920TH is a two channel audio power amplifier using class-D technology. A typical application schematic
is given in figure 4. In section 15.2.8 a detailled application reference design is provided. Via an analog input stage
and PWM modulator the audio input signal is converted into a digital PWM signal. To drive the output power transistors
this digital PWM signal is applied to a control and handshake block and driver circuits for both highside and lowside.
In this way a level shift is performed from the low power digital PWM signal at logic levels to a high power PWM signal
switching between the main supply lines.

A second order low pass filter converts the PWM signal to an analog audio signal across the loudspeaker.

The TDA8920TH one-chip class-D amplifier contains high power D-MOS switches, drivers, timing and handshaking
between the power switches and some control logic. For protection a temperature sensor and a maximum current
detector are built-in on the chip.

The two audio channels of the TDA8920TH contain two pulse width modulators (PWM), two analog feedback loops
and two differential input stages. Furthermore it contains circuits common to both channels like the oscillator, all
reference sources, the mode functionality and a digital timing manager.

The TDA8920TH contains two independent amplifier channels with high output power, high efficiency (90%), low
distortion and a low quiescent current. The amplifier channels can be connected in the following configurations:

- Mono bridge-tied load (BTL) amplifier
- Stereo single-ended (SE) amplifiers.

The amplifier system can be switched in three operating modes with the MODE select pin:

- Standby mode, with a very low supply current.
- Mute mode, the amplifiers are operational, but the audio signal at the output is suppressed.
- Operating mode (amplifier fully operational) with output signal.

For suppressing pop noise the amplifier will remain automatically in the mute mode for approx.150ms before
switching to operating (see also figure 5). In this time the coupling capacitors at the input are fully charged. See fig. 3
for an example of a switching circuit for driving the mode pin.

+5V | l
standby/ mute/on
mute

MODE pin

o SGND

Figure 3: Example of mode select circuit
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Figure 4: Typical application schematic of TDA8920TH
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2 x 80 W class-D audio amplitier

I audio
switchi:ng
A ;
Vmode ' .
Ay - : operating
mute '
2V-f------- : y
OV(SGND standby : .
. 100ms . >50ms | time
I audio
switching
A ; :
Vmode - :
operating . !
VAV SR :
ov(sGNRjStandby : !
. 100ms ' 50ms time
_— =

Figure 5: Timing mode pin

8.2 Pulse Width Modulation (PWM) frequency

When switching from standby to mute
there is a delay of 100ms before the
output starts switching.

Audio signal is available after the
mode pin has been set to operating,
but not earlier than 150ms after
switching to mute.

When switching from standby to operating
there is a first delay of 100ms before the
outputs starts switching.

After a second delay of 50ms the audio
signal is available

The output signal of the amplifier is a PWM signal with a carrier frequency of approx. 350 kHz. Using a second order
LC demodulation filter in the application results in an analog audio signal across the loudspeaker. This switching
frequency is fixed by an external resistor Rggc connected between pin OSC (pin 7) and VSSA1 (pin 12). With the
resistor value given in the schematic of the reference design, the carrier frequency is typical 350 kHz. The carrier

frequency can be calculated using:

fosc = 9 X 10% / Ryge [HZ]

If two or more class-D amplifiers are used in the same audio application, it is advised to have all devices working at
the same switching frequency. This can be realized by connecting all OSC pins together and feed them from a external
central oscillator. Using an external oscillator it is necessary to force the OSC pin to a DC-level above SGND for
switching form internal to external oscillator. In this case the internal oscillator is disabled and the PWM will be
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2 x 80 W class-D audio amplitier

switching on the external frequency.The frequency range of the external oscillator must be in the range as specified
in the switching characteristics.

Application in a practical circuit:

Internal oscillator: Rosc connected from OSC pin to Vgg
External oscillator: connect oscillator signal between OSC pin and SGND pin; delete Rygc and Cygc

8.3 Protections

Temperature-, supply voltage- and short circuit protections sensors are included on the chip. In case of exceeding the
maximum current or maximum temperature the system shuts down. The protection is activated in case of:

8.3.1. Over-temperature

If the junction temperature (Tj) exceeds 150°C, then the power stage shuts down immediately. The power stage starts
switching again if the temperature is dropped to approx. 130°C, so there is a hysteresis of approx. 20°C.

8.3.2. Short-circuit across the loudspeaker terminals:

When the loudspeaker terminals are short-circuited this will be detected by the current protection. If the output current
exceeds the maximum output current of 7.5 Amp, then the power stage shuts down within less thanlus and the high
current is switched off. In this state the dissipation is very low. Every 100ms the system tries to restart again. If there
is still a short across the loudspeaker load, the system is switched off again as soon as the maximum current is
exceeded.The average dissipation will be low because of this low duty cycle.

8.3.3. Start-up safety test

During the start-up sequence, when the mode pin is switched from standby to mute, the condition at the output termi-
nals of the power stage are checked. In case of a short of one of the output terminals to Vpp or Vgg the start-up pro-
cedure is interrupted and the systems waits for un-shorted outputs. Because the test is done before enabling the
power stages, no large currents will flow in case of a short circuit. This system protects for shorts at both sides of the
output filter to both supply lines. When there is a short from the power PWM output of the power stage to one of the
supply lines - so before the demodulation filter - it will also be detected by the ‘start-up safety test. Practical use of this
test feature can be found in detection of shorts on the pcb.

Remark: this test is only operational prior or during the start-up sequence, so not during normal operation.

8.3.4. Supply voltage alarm

If the supply voltage goes below the value of + 12.5V the under voltage protection is activated and system shuts down
correctly and silently without plopnoises. When the supply voltage comes above the threshold the system is restarted
again after 100ms. If the supply voltage exceeds + 32V the overvoltage protection is activated and the power stages
shut down. They are enabled again as soon as the supply voltage drops down the threshold.

An additional balance protection compares the positive (Vdd) and the negative (Vss) supply voltages and triggers if
the voltage difference between them exceeds a certain level. This level depends on the sum of both supply voltages.
An expression for the unbalance threshold level :

v 00.150(|vVdd + | Vs$

unh thres

Example: with a symmetrical supply of +30V / -30V the protection will be triggered if the unbalance exceeds approx.
V.

See also section 15.2.7 “pumping effects” in the test and application information.
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8.4 Differential audio inputs

For a high common mode rejection and a maximum of flexibility of application, the audio inputs are fully differential.
By connecting the inputs anti-parallel the phase of one of the channels is inverted, so that a load can be connected
between the two output filters. In this case the system operates as a mono BTL amplifier and with the same loud-
speaker impedance approximately a four times higher output power can be obtained. In figure 6 the input configuration
for mono BTL application is given (for more information see the application information).

Also in the stereo single ended configuration it is recommended to connect the two differential inputs in anti-phase.
This has advantages for the current handling of the power supply at low signal frequencies.

IN1

T —||:‘L OUTL o~~~
INL- | | _|l::

Vin

N2+ N

IN1- | %I;‘ ouT2
%

power stage

|__

i

Figure 6 : Input configuration for mono BTL application
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9. Limiting values

2 x 80 W class-D audio amplitier

In accordance with the Absolute Maximum Rating System (IEC 60134).

SYMBOL PARAMETER CONDITIONS MIN. [ MAX. | UNIT
Vp supply voltage - +30 \%
Vins mode select switch voltage with respect to - 5.5 \

SGND
Ve short circuit voltage of output pins - +30 \%
lorMm repetitive peak current in output pin note 1 - 7.5 A
Tstg storage temperature -55 +150 |°C
Tamb operating ambient temperature -40 +85 °C
Ty virtual junction temperature - 150 °C
10. Thermal characteristics

SYMBOL PARAMETER CONDITIONS VALUE UNIT

Rth(-a) thermal resistance from junction to ambient in free air 35 K/w
note 2, 3
Rth(-c) thermal resistance from junction to case note 2, 3 2 KIW
Notes
1. See also section 15.2.6 : “output current limiting” in the test and application information
2. See also section 15.2.5 : “heatsink requirements” in the test and application information
3. Under investigation
11. Quality specification
In accordance with “SNW-FQ611-partD " if this type is used as an audio amplifier.
Objective specification / 10 october 2001 / version:1.1 10
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12. Static characteristics

2 x 80 W class-D audio amplitier

Vp =125V, Tamp = 25 °C; measured in Fig. 8; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. |UNIT

Supply

Vp supply voltage range note 1 +12.5 +25 +30 \%

lg guiescent current no load connected - 55 75 mA

Isth standby current - 100 500 MA

Mode select pin

Vins input voltage range note 2 0 - 55 \%

Ims input current Vins =55V - - 1000 HA

Vstandby input voltage range mode select |note 2, 3 0 - 0.8 \Y
for standby mode

Vinute input voltage range mode select |note 2, 3 2.0 - 2.8 \Y
for mute mode

Von input voltage range mode select |note 2, 3 4.2 - 55 V
for on mode

Audio input pins

\le DC input level note 2 | 0 | |V

Amplifier outputs

OVoosegll  |output offset voltage on and mute - - 150 mv
single-ended (SE)

[AVoosell | delta output offset voltage on - mute - - 80 mV
single-ended (SE)

VooeT D  |output offset voltage on and mute - - 215 mv
bridge-tied- load (BTL)

[AVoopT [ |delta output offset voltage on - mute - - 115 mV
bridge-tied-load (BTL)

Stabilizer

Vstabi Stabilizer output voltage mute and operating 11 13 15 \Y

note 4

Temperature protection

Torot Temperature protection activation 150 - - °C

Thys Hystereses on temperature - 20 - °c
protection

Notes

1. The circuitis DC adjusted at V, = +12.5t0 +30 V.

2. With respect to SGND (0 V).

3. The transition regions between standby-mute-on contain hystereses (see fig. 7)

4. With respect to Vgg
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7

.

Y 7 §
8 2.0 2.8 4.2, 5.5
ms
—>
MGR662
Figure 7 : mode select pin behaviour
13- Switching characteristics
Vp =425V, Tymp = 25 °C; measured in Fig. 8; unless otherwise specified.
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. [uNIT

Switching frequency

foscTYP typical oscillator frequency Rosc = 30.0 kohm, see 309 317 329 kHz

reference design
fosc oscillator frequency range Note 1 210 600 kHz
Vosc maximum voltage at OSC pin frequency tracking SGND+ |V
12
Vosc _trip Triplevel at OSC pin for tracking | frequency tracking - SGND+ |- \%
- 25

firack frequency range for tracking frequency tracking 210 600 kHz
VoscEXT Amplitude at OSC pin for tracking | Note 2 - 5 - \Y,
Notes

1. Frequency set with Rosc, according to formula in functional description
2. For tracking the external oscillator has to switch around (SGND+2.5V) with a minimum amplitude of VogcEXT
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14. Dynamic AC characteristics

Stereo/dual single ended (SE) application
Vp=125V; R =8 Q; fi=1kHZ; f45.=317 kHz; Rg <0.1Q (note 11); T;mp=25°C;measured in Fig. 8; unless otherwise

2 x 80 W class-D audio amplitier

specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. |UNIT
Po output power R =8Q,V, = +20V; THD = 0.5% |18 20 - W
note 1
R =8Q, V[, = +20V; THD = 10% |23 25 - W
note 1
R =8Q, V, = +25V; THD = 0.5% | 28 30 - W
note 1
R =8Q, V|, = +25V; THD = 10%; | 36 39 - W
note 1
R =4Q, V, = #25V; THD = 0.5% | 51 55 - W
note 1
R =4Q, V, = +25V; THD = 10% |65 70 - W
note 1
R =4Q, V, = +27V; THD = 0.5% | 60 65 - W
note 1
R =4Q, V, = +27V; THD = 10% |74 80 - W
note 1
THD total harmonic distortion Py, =1 W, note 2
fi=1kHz - 0.01 0.05 %
f, =10 kHz - 0.08 - %
Gy closed loop voltage gain 29 30 31 dB
n efficiency Po =30 W; fj = 1 kHz; note 3 85 90 - %
SVRR supply voltage ripple rejection | on; fi = 100 Hz; note 4 - 55 - dB
on; fi=1kHz; note5 40 50 - dB
mute; f; = 100 Hz; note 4 - 55 - dB
standby; fi=100 Hz; note 4 - 80 - dB
;0 input impedance 45 68 kQ
V(o) noise output voltage on; Rg=0Q; note 6 - 200 400 puv
on; Rg=10kQ; note7 - 230 - pv
mute; note 8 - 220 - [1AY4
Ocs channel separation note 9 - 70 - dB
AG, O channel unbalance - - 1 dB
Vo.mute output signal in mute note 10 - - 400 puv
CMRR common mode rejection ratio | Vicmyrms) =1V - 75 - dB
Notes

1. Output power is measured indirectly; based on Ryso, measurement
2. Total Harmonic Distortion is measured in a bandwidth of 22 Hz to 22 kHz. When distortion is measured using a lower order

lowpass filter a significant higher value is found, due to the switching frequency outside the audio band.
Output power measured across the loudspeaker load.
Viipple = Vripple(max) = 2 V (p-p); fi = 100 Hz; R = 0 Q.
Viipple = Vripple(max) = 2 V (p-p); fi = 1 kHz; Rg = 0 Q.

B =22 Hzto 22 kHz; R¢ =0 Q.

B =22 Hz to 22 kHz; Rg = 10 kQ.

B = 22 Hz to 22 kHz; independent of Rg.
. Po=1W;Rs=00Q.

© 0N O

10. Vi = Vi(max) =1V (RMS)
11. Rg_ = series resistance of inductor of low-pass LC-filter in the application

Objective specification / 10 october 2001 / version:1.1
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Mono bridge-tied-load (BTL) application
Vp =125V, R =8 Q; f; = 1 kHz; fosc = 317 kHz; Rg < 0.1Q (note 10); Tymp = 25 °C; measured in Fig. 8; unless
otherwise specified.

2 x 80 W class-D audio amplitier

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. |UNIT
Po output power RL=8Q, V,=+25V; THD=0.5% | 100 110 - w
note 1
RL=8Q, V,=+ 25V; THD=10% | 128 140 - W
note 1
RL=8QV,=+ 21V; THD=0.5% | 73 79 - w
note 1
RL=8Q, V,=+ 21V; THD=10% | 92 100 - W
note 1
RL=4Q, V=117V, THD=0.5% |66 75 - W
note 1
RL=4Q, V,=+17V; THD=10% | 100 110 - W
note 1
THD total harmonic distortion Py =1W,; note 2
fi=1kHz - 0.015 |0.05 %
f, =10 kHz - 0.02 - %
Gy closed loop voltage gain 35 36 37 dB
n efficiency P, =140 W; f; = 1 kHz; note 3|85 89 - %
SVRR supply voltage ripple rejection |on; f; = 100 Hz; note 4 - 49 - dB
on; fi=1kHz; note5 36 44 - dB
mute; f; = 100 Hz; note 4 - 49 - dB
standby; fi=100 Hz; note 4 - 80 - dB
;0 input impedance 22 34 kQ
V(o) noise output voltage on; Rg =0 Q; note 6 - 280 560 pv
output signal in mute on; Rs = 10 kQ; note 7 - 300 - Hv
mute; note 8 - 280 - uv
Vo mute note 9 - - 500 [\Y
CMRR common mode rejection ratio | Vicmyms) =1V - 75 - dB
Notes

1. Output power is measured indirectly; based on Ryso, measurement

2. Total Harmonic Distortion is measured in a bandwidth of 22 Hz to 22 kHz. When distortion is measured using a low order
lowpass filter a significant higher value will be found, due to the switching frequency outside the audio band.

© 0N O

Output power measured across the loudspeaker load.
Viipple = Vripple(max) = 2 V (p-p); fj = 100 Hz; R = 0 Q.
Viipple = Vripple(max) = 2 V (p-p); fi= 1 kHz; Rg =0 Q.

B =22 Hzto 22 kHz; Rg =0 Q.

B = 22 Hz to 22 kHz; Rg = 10 kQ.

B = 22 Hz to 22 kHz; independent of Rg.
- Vi=Vjmax =1V (RMS).

10. Rg_ = series resistance of inductor of low-pass LC-filter in the application

Objective specification / 10 october 2001 / version:1.1
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15. Test and application information

15.1 Test information

To be finished
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Figure 8: Test circuit
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15.2 Application information

15.2.1 BTL application
For using the system in mono BTL application (for more output power), the inputs of both channels must be connected

in parallel. The phase of one the inputs must be inverted (see also figure 6 in section 8.5). In principle the loudspeaker
can be connected between the outputs of the two single-ended demodulation filters.

15.2.2 MODE pin
For correct operation the switching voltage at the mode pin should be de-bounced. If the mode pin is driven by a me-
chanical switch an appropriate debouncing low pass filter should be used. If the mode pin is driven by an electronic

circuit or micro controller then it should remain for at least 100ms at the mute voltage level before switching back to
the standby voltage level.

15.2.3 Output power estimation

The output power in several applications (SE and BTL) can be estimated using the following expressions:

Rload 2
- VP (1 - tyin“ fos) )
. 0H = ( min 0OSsC.
SE » Pout_1% Rioad + 0.6
2" Ryoad
Vp(1-ty, f
Maximum current : lout® = a min_ foso) should not exceed 7.5 Amp
RLoad + 0.6
BTL : Pout_1% = ( i * 2Vp (1 - tmin " fosc) )2
' - Rioad + 1.2
2" Rioad
2Vp (1-tmin f
Maximum current : lout® = P min ” fosc) should not exceed 7.5 Amp
Legend:
Rioap = Load impedance
fosc = Oscillator frequency
tmin = minimum pulse width (typical 190 ns)
Vp = single sided supply voltage (so if supply +/-30V symmetrical -> Vp =30V)

Pout_1% =Output power just at clipping
Pout_10% = Output power at THD = 10%
Pout_10% =1.25 x Pout_1%
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15.2.4 External clock

In figure 9 a possible solution for an external clock oscillator circuit is given:

VddA
Mode select
C3 120pF R19 R20 39k
I J1 5k
oy 14
-”":"'—" 2 13
R1 9k1 I'"" 3 12 on
F : Y 5 wote
6 9 pzi| Off
7 8 5ve
l— HEF4047B

External clock GND

Clock 7

Figure 9 : External oscillator circuit

15.2.5 Heatsink requirements

In some applications it may be necessary to connect an external heatsink to the TDA8920TH. The determining factor
is the 150 degr. maximum junction temperature, Tjy4y Which cannot be exceeded.The expression below shows the
relation between the maximum allowable power dissipation and the total thermal resistance from junction to ambient:

Rihja = (Tjmax=Ta) Puyiss

Pgiss is determined by the efficiency (n) of the 1-chip class-D amplifier. The efficiency measured in the TDA8920TH
as a function of output power is given in figure 19 of section 15.2.12. From figure 18 in section 15.2.12 the power dis-
sipation can be derived as function of output power.

In figure 10 derating curves are given for several values of the Rthj-a. A maximum junction temperature T;=150 °C
is taken into account. From this figure the maximum allowable power dissipation for a given heatsink size can be de-
rived or the required heatsink size can be determined at a required dissipation level.

Example 1 :

Pout = 2x30W into 8Q

Timax=150 °C

T,=60 °C

Piss tot = 6W (from figure 18 of section 15.2.12)

The required R4 = 15 K/W can be calculated.

The Ripj.a of TDA8920TH in free air is 35 K/W. The Rynj.c of TDA8920TH is 2 K/W, so a heatsink of 13 K/W is required
for this example.

In actual applications, other factors such as the average P55 with music source (as opposed to a continuous sine
wave) will determine the size of the heatsink required.

Example 2 :

Pout = 2X75W into 4Q
Timax=150 °C

T,=60 °C
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Pyiss.tot = 17.5 W (from figure 18 of section 15.2.12).
The required Rthj-a = 5.14 K/W.

The Rypj.o f TDA8920TH in free air is 35 K/W. The Ry of TDA8920TH is 2 K/W, so a heatsink of 3.14 K/W is required
for this example.

Derating curve: Pdissipation vs. Tambient
35.00 -
30.00
\
25.00 :
. ™~ — Rthj-a =5 K/W
2 20.00 --—-Rthj-a = 10 KIW
@ ~_ ----Rthj-a = 15 K/W
5 15.00 == — Rthj-a = 20 K/W
o mosea L
Lo T~ --- Rthj-a = 35 KIW
10.00 ==t S Ty
T e B e e e B L
R el el S A Sy it
0.00 |
0O 10 20 30 40 50 60 70 80 90 100
Tambient (degr.)

Figure 10: derating curves for power dissipation as a function of maximum ambient temperature

15.2.6 Output current limiting

To be fixed

15.2.7 Pumping effects

To be fixed

15.2.8 Reference design

The reference design for the single chip class-D audio amplifier for TDA8920TH is shown in figure 11. The Printed-
Circuit Board (PCB) layout is shown in table 1. The bill of materials is given in Table 2.
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2  PHILIPS

One chip class D application PCB

Qgnd

2 x 80 W class-D audio amplitier

C4? 100nF

Power supply

. |
PCB version 3 9-2001 ml BEAD
S —
425V vDD | notes | [Ro s vddp
10k
GND 25v v;s “l’ ey BEAD
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ci11 c12 | |
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ZﬁnF ZﬁnF 8 VddA
L—————————————>GND
vdda  Mode select cir, | zeonF BEAD
See note 4 1 L7 VssA
R1 R2 47k 015%220”; VddP VsisP
k
c20 ca1
560pF|  560pF
6 10 3 1 12 R12 R13
of o 5R6 5R6
5v6 220nF U1l 33uH
q 21 —1- YY)
\ c22 Out2 L2
GND R3 30k Clock 15nF a6
7 TDA8920TH 22 2
VS'SA:L o] 2 2o Boot2 T ca2=—
. 470nF
(pin 12) |.— 23 _L L I
vddP 220nF,
Sgnd1 14 25 o o7
11 1 220n:|_ D il
c23=— c24
220nF|  220nF
GND<— ggng2 17 el o l
2 c26 T5004F/35V v
8 20 ¢ | 220nF Qg;nd 16 ngL
T Bootl o] R17
e 15 VssP 24
330p;1_
or outl 33pH
- ni
see _L TH = HSOP24 . u "
note L1
% ca R14 R15
o84 330pF . 5R6 5R6
s 24 19 18 13 0 a1
00 ssoﬂ_ ssog
Cc5 ——C6 —— C7 —— 1
470nF| 470nF|  470nF c19 ca2 vddP  VssP
220n;l_ 68pF
RS Notes
10k
1. SMD capacitors between Vdd, GND and/or Vss supply range
v of at least 63V
VssA )
ss 2. C5, C6, C7 and C8 should be MKT, C9 and C10 are optional
3. C27 and C28 low ESR electrolytic capacitors
4. Mode circuit : R1 <= (Vdd,min - 5V6) / 100pA
5. R9 and R10 only necessary with an asymmetrical supply
1 ﬁgfé s in a BTL application
Qgnd ‘|H—<31()——<»——<)J(3)——n——oj§)—*|‘ Qgnd 6. BTL: Remove In1, R5, R6, C5, C6 and C3 in BTL and close J5 and J6
s 7. Demodulation coils L1 and L2 should be matched in BTL
i” 8. Inputs floating or inputs referred to Qgnd (close J1 and J4) or referred
Inputs to VSS (close J2 and J3
VSS
9. C16 and C18 are not on the list anymore

10. Minimal load depends on max current type

Figure 11: Single chip class-D audio amplifier application diagram for TDA8920TH

15.2.9 PCB information for HSOP24 encapsulation

The size of the Printed Circuit Board is 77.47 mm x 51.28 mm, dual sided 70mm copper with 98 metallized through
holes.
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The standard configuration is Symmetrical Supply with stereo SE outputs.

The PCB is also suitable for mono BTL configuration as well for symmetrical supply as for asymmetrical supply.

It is possible to use several different output filter inductors as CDRH-, 16RHBP- or EP13-types to evaluate the per-
formance versus price or size.

15.2.10 Classification

The application shows optimized signal performance and includes several EMI optimizations.

Table 1: Printed-circuit board layout for TDA8920TH

5

TDAB920./21/22/23TH T

PCB version 3
(=g
1SEHPBF’ state of D art w Dzt

@ EP13
21U cs

EE
gF c?
O
5T ce8 o ce
5 Te@Ea
’ EEC

2 Cf
c32 c33 o r =

L5 L5 I

+0UTl-= +0UT2- VUdd GND VUss e !

Top silk screen

ReLl 97208l o mppg C3BRIG u

DD g CZCoEBEE DD e
—o5F R3C2 Cat
o1 e

Rl,O i€ [ETm|cas
mEs [E [_mc2s
S cis ':D
El° DD
ol u
al J [Efcagriz L2
Ce2

PHILIPS SEMICONDUCTORS

ca cie

S PED

c - R R9 RI6 C34 C35 RI7

R R o i O
Jz2

25> O:° % OpOEO=0R0R
L Ggnd Q C40 C36 w?caange J

Bottom silk screen Bottom copper
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15.2.11 Reference design bill of materials

Table 2: Single-chip class-D audio amplifier PCB (Version 3; 09-2001) for TDA8920TH (see Fig 11 and table 1)

2 x 80 W class-D audio amplitier

COMPONENT DESCRIPTION VALUE COMMENTS
In1 and In2 Cinch input connectors 2 x Farnell: 152-396
Outl, Out2, Vpp, |supply/output connectors 2 x Augat 5KEV-02; 1 x Augat 5KEV-03
GND and Vgg
S1 on/mute/off switch PCB switch Knitter ATE 1 E M-O-M
Ul power stage IC TDA8926J/27J |DBS17P package
u2 controller IC TDA8929T S024 package
L2 and L4 demodulation filter coils 33 uH 2 x Sumida CDRH127-330
L5, L6 and L7 power supply ferrite beads 3 x Murata BLO1RN1-A62
ClandC2 supply decoupling capacitors for |220 nF/63 V 2 x SMD1206
Vpp to Vgg of the controller
C3 clock decoupling capacitor 220 nF/63 V SMD1206
C4 12 V decoupling capacitor of the |[220 nF/63 V SMD1206
controller
C5 12 V decoupling capacitor of the |220 nF/63 V SMD1206
power stage
C6 and C7 supply decoupling capacitors for |220 nF/63 V SMD1206
Vpp to Vgg Of the power stage
C8 and C9 bootstrap capacitors 15 nF/50 V 2 x SMD0805
C10, C11, snubber capacitors 560 pF/100 V |4 x SMDO0805
C12 and C13
Cl4 and C16 demodulation filter capacitors 470 nF/63 V 2 x MKT
C15 and C17 resonance suppress capacitors 220 nF/63 V 2 x SMD1206
C18, C19, common mode HF coupling 1 nF/50 \% 4 x SMD0805
C20 and C21 capacitors -
C22 and C23 input filter capalno(s) b [ 3|c|p)(5(ﬂ ( [ x smMD1206
C24, C25, input capaciters: — 7o 6 MKT
C26 and C27
C28, C29, common mode HF coupling 1 nF/50 V 2 x SMD0805
C30 and C31 capacitors
C32 and C33 power supply decoupling 220 nF/63 V 2 x SMD1206
capacitors
C34 and C35 power supply electrolytic 1500 uF/35V |2 x Rubycon ZL very low ESR (large
capacitors switching currents)
C36, C37, analog supply decoupling 220 nF/63 V 4 x SMD1206
C38 and C39 capacitors
C40 and C41 analog supply electrolytic 47 uF/35V 2 x Rubycon ZA low ESR
capacitors
C43 diagnostic capacitor 180 pF/50 V SMD1206
C44 mode capacitor 220 nF/63 V SMD1206
D1 5.6 V zener diode BZX79C5V6 DO-35
D2 7.5V zener diode BZX79C7V5 DO-35
R1 clock adjustment resistor 27 kQ SMD1206
R4, R5, input resistors 10 kQ 4 x SMD1206
R6 and R7
R10 diagnostic resistor 1kQ SMD1206
R11, R12, snubber resistors 5.6 Q; >0.25 W |4 x SMD1206
R13 and R14
R15 and R16 resonance suppression resistors |24 Q 2 x SMD1206
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COMPONENT DESCRIPTION VALUE COMMENTS
R19 mode select resistor 39 kQ SMD1206
R20 mute select resistor 39 kQ SMD1206
R21 resistor nee n usjng al PKQ SMD1206
asymmetrical up®ly IXP
R22 resistor needeerwientstig-anr—9-+ke———SMD1206
asymmetrical supply
R24 bias resistor for powering-up the |200 kQ SMD1206
power stage
15.2.12 Curves measured in the reference design
Table 2: Curves measured in the reference design
10 === 1004 4y
) o ) o
10 =5 g 104 Hph
F=——23) 100 Hz ','1
111 [l
1 1
m sl
0.1 - /] 0.1 T
= A 3 II ,///’ //
0.01 mes ezl 0.01 e
0.001 0.001
0.01 0.1 1 10 100 1000 10 100 1000 10000 100000
w) (Hz)
THD+N as a function of Output power THD+N as a function of Frequency
Fig. 12: THD+N as a function of output power Fig. 13: THD+N as a function of input frequency
10 === 1004 4y
) i %) [BGvi
10 =y uee 104 3
F=——3) 100Hz
111
1 = 1
i ~TN
1 L1 I\,
0.1 _ 0.1 AT\
— = i L =2
0.01 0.01 1
0.001 0.001
0.01 0.1 1 10 100 1000 10 100 1000 10000 100000

(W)

THD+N as a function of Output power

Fig. 14: THD+N as a function of output power

(H2)

THD+N as a function of Frequency

Fig. 15: THD+N as a function of input frequency
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Table 2: Curves measured in the reference design
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Fig. 16: THD+N as a function of output power Fig. 17: THD+N as a function of input frequency
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Fig. 18: Power dissipation as a function of output Fig. 19: Efficiency as a function of output power
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Fig. 20: Output power as a function of supply voltage  Fig. 21: Output power as a function of supply voltage
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Table 2: Curves measured in the reference design
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Fig.22: Channel seperation as a function of input fre-

quency
45 T T TTTTTT
Vp = £25V
(dB) 7;:::11;?%" 330pF
40 T3 eomer
3) 2 x4 Ohm SE
35
[ ] 1
30
2
] T ™N
25 3
20
10 100 1000 10000 100000
(Hz)
Gain as a function of Frequency
Fig.24: Gain as a function of input frequency
6 T 1 T 1T
Vp = £25V
[\ 1500uF per supply line
5 1) Pout = 30W into 1 x 4 Ohm SE
\ 2) Pout = 15W into 1 x 8 Ohm SE
4 \\
3 1
2 \
X N
1 S
T
0 ——
10 100 1000 10000

Supply voltage ripple as a function of Frequency

(Hz)

Fig.26: SVRR as a function of input frequency

O T 11T
(dB) s o
-20 g pzion
-40
//
-60 A
] —___‘(5/
-80 N~ N~ AT 2
-100
10 100 1000 10000 100000
(H)

Channel separation as a function of Frequency

Fig.23: Channel seperation as a function of input fre-

quency

45 —

T TTTTTT
(dB)

40 —+——1) 1x80hmBTL
2) 2x80hm SE
3)2 x4 0hm SE

35

P

30

25

20

10 100

1000

Gain as a function of Frequency

10000

(Hz)

Fig.25: Gain as a function of input frequency

Vp = 425V
(dB) Vripple-tt w.r.t. GND
1) fripple = 1kHz

2) f ripple = 100Hz
3) fripple = 10Hz

-20 A

100000

-40 4

-60

-80

-100

Fig.27: SVRR as a function of Vripple (p-p)

2 3

SVRR as a function of Vripple tt

)

Objective specification / 10 october 2001 / version:1.1

24



Philips Semiconductors

TDA8920TH

2 x 80 W class-D audio amplitier

Table 2: Curves measured in the reference design
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Fig.33: THD+N as a function of clock frequency

Objective specification / 10 october 2001 / version:1.1

25



Philips Semiconductors

TDA8920TH

2 x 80 W class-D audio amplitier

Table 2: Curves measured in the reference design
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16. Package outline

HSOP24: plastic, heatsink small outline package; 24 leads; low stand-off height SOT566-2
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DIMENSIONS (mm are the original dimensions)
UNIT mgx_ Ay | Ag |A4® | by | ¢ |D@| Dy | Dy |[E@[E; |Ex| e |He|Lp [Q | v [w | x |y | Z]®
35 +0.12| 053] 0.32|16.0 |13.0 | 1.1 |111| 6.2 | 2.9 145| 11 1.7 2.7 8°
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Notes
1. Limits per individual lead.
2. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC EIAJ

SOT566-2 = @ 00-03-24
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17. Soldering

17.1 Introduction

This text gives a very brief insight to a complex technology. A more in-depth account of soldering ICs can be found in
our “Data Handbook IC26; Integrated Circuit Packages” (document order number 9398 652 90011).

There is no soldering method that is ideal for all IC packages. Wave soldering is often preferred when through-hole
and surface mount components are mixed on one printed-circuit board. Wave soldering can still be used for certain
surface mount ICs, but it is not suitable for fine pitch SMDs. In these situations reflow soldering is recommended.

17.2 Through-hole mount packages

17.2.1 Soldering by dipping or by solder wave

The maximum permissible temperature of the solder is 260 C; solder at this temperature must not be in contact with
the joints for more than 5 seconds. The total contact time of successive solder waves must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tsigmax))- If the printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the temperature within the permissible limit.

17.2.2 Manual soldering

Apply the soldering iron (24 V or less) to the lead(s) of the package, either below the seating plane or not more than
2 mm above it. If the temperature of the soldering iron bit is less than 300 C it may remain in contact for up to
10 seconds. If the bit temperature is between 300 and 400 C, contact may be up to 5 seconds.

17.3 Surface mount packages

17.3.1 Reflow soldering

Reflow soldering requires solder paste (a suspension of fine solder particles, flux and binding agent) to be applied to
the printed-circuit board by screen printing, stencilling or pressure-syringe dispensing before package placement.

Several methods exist for reflowing; for example, convection or convection/infrared heating in a conveyor type oven.
Throughput times (preheating, soldering and cooling) vary between 100 and 200 seconds depending on heating
method.

Typical reflow peak temperatures range from 215 to 250 C. The top-surface temperature of the packages should
preferable be kept below 220 C for thick/large packages, and below 235 C for small/thin packages.

17.3.2 Wave soldering

Conventional single wave soldering is not recommended for surface mount devices (SMDs) or printed-circuit boards
with a high component density, as solder bridging and non-wetting can present major problems.

To overcome these problems the double-wave soldering method was specifically developed.

If wave soldering is used the following conditions must be observed for optimal results:
» Use a double-wave soldering method comprising a turbulent wave with high upward pressure followed by a
smooth laminar wave.
» For packages with leads on two sides and a pitch (e):
— larger than or equal to 1.27 mm, the footprint longitudinal axis is preferred to be parallel to the transport direction
of the printed-circuit board;

— smaller than 1.27 mm, the footprint longitudinal axis must be parallel to the transport direction of the printed-circuit
board.
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The footprint must incorporate solder thieves at the downstream end.
» For packages with leads on four sides, the footprint must be placed at a 45 angle to the transport direction of the
printed-circuit board. The footprint must incorporate solder thieves downstream and at the side corners.

During placement and before soldering, the package must be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe dispensing. The package can be soldered after the adhesive is
cured.

Typical dwell time is 4 seconds at 250 C. A mildly-activated flux will eliminate the need for removal of corrosive
residues in most applications.

17.3.3 Manual soldering

Fix the component by first soldering two diagonally-opposite end leads. Use a low voltage (24 V or less) soldering iron
applied to the flat part of the lead. Contact time must be limited to 10 seconds at up to 300 C. When using a dedicated
tool, all other leads can be soldered in one operation within 2 to 5 seconds between 270 and 320 C.

17.4 Suitability of IC packages for wave, reflow and dipping soldering methods

SOLDERING METHOD
MOUNTING PACKAGE
WAVE REZ‘)OW DIPPING
Through-hole DBS, DIP, HDIP, SDIP, SIL suitable (2) - suitable
mount
Surface mount BGA, HBGA, LFBGA, SQFP, TFBGA not suitable suitable -
HBCC, HLQFP, HSQFP, HSOP, HTQFP, not suitable (3) suitable -
HTSSOP, HVQFN, SMS
PLCC (4), SO, s0OJ suitable suitable -
LQFP, QFP, TQFP not recommended | suitable -
(4), (5)
SSOP, TSSOP, VSO not recommended |suitable -
(6)
Notes

1. All surface mount (SMD) packages are moisture sensitive. Depending upon the moisture content, the maximum
temperature (with respect to time) and body size of the package, there is a risk that internal or external package
cracks may occur due to vaporization of the moisture in them (the so called popcorn effect). For details, refer to
the Drypack information in the “Data Handbook IC26; Integrated Circuit Packages; Section: Packing Methods”.

2. For SDIP packages, the longitudinal axis must be parallel to the transport direction of the printed-circuit board.

3. These packages are not suitable for wave soldering as a solder joint between the printed-circuit board and heatsink
(at bottom version) can not be achieved, and as solder may stick to the heatsink (on top version).

4. If wave soldering is considered, then the package must be placed at a 45 angle to the solder wave direction.
The package footprint must incorporate solder thieves downstream and at the side corners.

5. Wave soldering is only suitable for LQFP, QFP and TQFP packages with a pitch (e) equal to or larger than 0.8 mm;
it is definitely not suitable for packages with a pitch (e) equal to or smaller than 0.65 mm.

6. Wave soldering is only suitable for SSOP and TSSOP packages with a pitch (e) equal to or larger than 0.65 mm;
it is definitely not suitable for packages with a pitch (e) equal to or smaller than 0.5 mm.

18. Data sheet status
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DATA SHEET STATUS | PRODUCT

1) STATUS (2)
Objective data Development | This data sheet contains data from the objective specification for
product development. Philips Semiconductors reserves the right to
change the specification in any manner without notice.

Preliminary data Qualification | This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible
product.

Product data Production This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in
order to improve the design, manufacturing and supply. Changes will be
communicated according to the Customer Product/Process Change
Notification (CPCN) procedure SNW-SQ-650A.

DEFINITIONS

Notes
1. Please consult the most recently issued data sheet before initiating or completing a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.

19. Definitions

Short-form specification - The data in a short-form specification is extracted from a full data sheet with the same
type number and title. For detailed information see the relevant data sheet or data handbook.

Limiting values definition - Limiting values given are in accordance with the Absolute Maximum Rating System
(IEC 60134). Stress above one or more of the limiting values may cause permanent damage to the device. These are
stress ratings only and operation of the device at these or at any other conditions above those given in the
Characteristics sections of the specification is not implied. Exposure to limiting values for extended periods may affect
device reliability.

Application information - Applications that are described herein for any of these products are for illustrative
purposes only. Philips Semiconductors make no representation or warranty that such applications will be suitable for
the specified use without further testing or modification.

20. Disclaimers

Life support applications - These products are not designed for use in life support appliances, devices, or systems
where malfunction of these products can reasonably be expected to result in personal injury. Philips Semiconductors
customers using or selling these products for use in such applications do so at their own risk and agree to fully
indemnify Philips Semiconductors for any damages resulting from such application.

Right to make changes - Philips Semiconductors reserves the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in order to improve design and/or
performance. Philips Semiconductors assumes no responsibility or liability for the use of any of these products,
conveys no licence or title under any patent, copyright, or mask work right to these products, and makes no
representations or warranties that these products are free from patent, copyright, or mask work right infringement,
unless otherwise specified.
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