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% PUlaudio

| Data Sheet AMP2X2 Audio Amplifier Board |

PUI Audio’s AMP2X2 audio amplifier board features an Analog Device's
MAX9744 Class D stereo amplifier circuit for maximum signal fidelity. This amplifier
delivers a minimum of 2.0W per channel into 8Q loads and 4.0W per channel
into 4Q loads, both at <1% THD+N while using a 7V DC supply.

The board features a small size of 38.0mm x 38.0mm and header pins for easy
design prototype development.
Features:

e 2.0W per channel into 8Q loads

« 4.0W per channel into 4Q loads

« Enhances System Performance that includes

o Transient suppression when the supply voltage is applied
o High 75dB PSRR (fin = 1kHz, VrippLe = 200mVp-p)

- Low quiescent current

- Thermal overload protection

« Short-circuit protection

- Amplifier power supply range: 7.0V < PVpp < 9.0V

« Subsystem power supply voltage range: 2.7V < PVpp < 3.6V

« Logic power supply range:

- 7mA subsystem power supply current (Vpp = 3.3V)

- 4mA amplifier power supply current (PVpp = 7.0V)

e Pour = 2.0W into 8Q (THD < 1%, Vpp = 7.0V)

e Poutr = 4.0W into 4Q (THD < 1%, Vpp = 7.0V)

« External resistors adjust the amplifier gain

« 1.8V Logic-Compatible SHDN Input

« 100mil spaced header pins for input, output, shutdown, power supply,

and ground connections
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Absolute Maximum Rating

PVop with respect to GND -0.3V <PVpp £ 16V

VDD WItN 1E€SPECT TO GND ...uiiiiiiiiieeieeeeee e e e e e etaraeee s -0.3V £ Vpp £ 4V

FB, SYNCOUT, SCLK, SDA/VOL, SHDN with respect to GND ........ccceeieieeeeeeeeeeeeeene -0.3V < (Vop + 0.3V)
BOOT+ with respect to Vop, BOOT- with respect t0 Vop....cooviieecieiiccieeceeeeeee e -0.3V £ Vpp £ 6V
BOOT+ with respect to OUT+, BOOT- with respect to OUT-.......coooiiieiiiieieiieeeieee e, -0.3V £ Vpp £ 6V
OUT+ with respect to GND, OUT- with respect 10 GND........cccceeveiiiieciiee e, -0.3V < (PVop + 0.3V)
Any other pin With reSpect 10 GND .......uiiiiiiic e -0.3V < Vpp £ 4V
OUT+ and OUT- shorf-CirCUit AUIQTION ....ccceviii ettt Continuous
Continuous input PVpp, AN PGND CUITENT.......coociiiiiiei e 6.4A

Continuous output OUT+ and OUT- CUITENT ......eiiiiiiiiicce e 3.2A

Continuous input (except OUT+ and OUT-) .ooiiiiieeiieeecee e e +20mA

Operating TeEMPEraiure ROANGE .....ccoiiiiieeiiie ettt ettt e eae e e s e e e eaa e e e eaeneas -40°C < Ta £ 85°C
Storage TeEMPErATUrE RANGE ..o et e et e e e e e eebaaneeeeas -65°C <Ta<150°C

Electrical Characteristics

(PVop = 7.0V Vop = 3.3V, Vanp = Veeno = 0V, SHDN = Vop, Vmure = GND, GAIN = Vpp (0dB), Ceias = Cin = 2.2uF, C1 = C4=0.1pF,
no load, Rin = 20kQ, Rr = 30k, SSM mode, filterless modulation, Ta = tun < t < tuax. Typical values are given at Ta = 25°C,

unless otherwise noted.)

Parameter Conditions Minimum | Typical | Maximum | Unit
Amplifier Power Supply Voltage Range | Guaranteed by the PSRR test 7.0 12.0 \
Subsystem Power Supply Voltage 2.7 3.6 V
PVoo =7V, RL=8Q + 68uH 2.0
Output Power 1% THD+N RL= 4Q + 33H 40 W
fin = TkHz, R = 80, Filterless
Total Harmonic Distortion + Noise Pour = 2W . 0.05 %
BW = 22Hz < f< 22k | Medulation
A-weighted, Vop = 7V, Pour = 2W,
Signal-to-Noise Ratio RL=8Q + 33mH, Input-referred, Spread- 89 dB
Spectrum
Crosstalk 20Hz < fIN < 20kHz 68 dB
Hard Output Current Limit 3.9 5.5 A
Thermal Protection Threshold 165 °C
Thermal Protection Hysteresis 15 °C
. lvbD 20
Quiescent Power Supply Current Iovon 10 mA
SChuL:fI:s:m Active Power Supply SHDN = 0V, Isvion = Ipvop + Iop 0.5 HA
Turn-On Time 200 ms
Output Offset Voltage Inputs AC-coupled to GND +2 mV
Gain Maximum volume Output state gain 29.5 dB
setting Total gain (Note 1) 29.2
Into Shutdown -43
RL=80Q, Into Mute -43
Output Turn-On Transient Magnitude 32 samples per dBV
second, A-weighted Out of Shutdown -48
Out of Mute 47
Vop = 2.7V < Vpc < 3.6V 68
. . PVop = 7V < Vpe £ 9.0V 83
Power-Supply Rejection Ratio . Vrpoie = 200mVes on PVon 75 dB
Vriprte = 100mVe-p 0N Vop 70

Note 1: See the Adjustable Gain application section.
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Typical Perfformance Characteristics
(Voo = 3.7V, Veno = OV, SHDN = Vpp, GAIN = GND (Rf = R = 10kQ2), Crias = 0.1uF, Cin = 1uF, no load, unless otherwise noted.)
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Detailed Description

The AMP2X2 audio amplifier board uses the MAX9744 stereo 20W Class D audio
amplifier. This amplifier offers low IPVpp = T0mA (typical, PVop = 7Vpc) and [Vpp =
20mA (typical, Vpp = 3.3Vpc) quiescent power supply current, an excellent 82dB
(typical) SNR, and high linearity exemplified by its 0.05% THD+N. The amplifier
features circuitry that produces high suppression of output transients when the
power supply voltage is applied. Additionally, the amplifier's power supply
rejection ro’no (PSRR) is an outstanding 68dB (Vop) and 83dB (PVpp).

AMPLIFIER POWER SUPPLY INPUT {E¥DD]
7.0 < PVDD = 9.0¥ o o -

10uF 10uF 10uF 10uF

12
2
LOGIC POWER SUPPLY INPUT ! 1

27V = VDD = 36V a1
i3 i ij o 2R03k RFac
oLt S ut
L RN MAXQ7HAETH +
L gy 43
TouTk 820pF 17 lrg BOOTL+
18y, ouTL+
ouTL+
19 fiyg
= 18 frap ouTL-
DuTL-
[*SHDN 22— ;f *SHDN BOOTL- _
MUTE -
-
oHl SDA/VOL g SCA/YOL Bias —20 caﬁg |2.2uF
on SCLK/PWM 04uF .1’2
| &ADDRI BDDTFHMl S =
oHs = 18 lappro DUTR + |—22
25 lsync oUTR+ —3L
on 26 _fsyncout huteuT
ouTR -
5__lypp ouTR-
;g VDD 800TR- 38
c1a DD
- - 28 4
T o 0 4UFmdm €15 DD PuoD— VG0
L —0AufdC16 . PYDD—=
—T0uFdoc17 GND propf22 c18
SDA/VOL ——0.1uF 1 lenn pypp 30 —L_c1e 0.1uF
12 lenp . e €20 == 0.10F
g GND PGND ; Lot =owr
GND PaND|—> —o.1uF
1 PGND|—
=23 dne. PGND 42
PGND
. .
Figure 1. AMP2X2 schematic.
Bias

The AMP2X2's amplifier operates with a single 7.0V to 12.0V power supply
voltage. It uses internal circuitry to generate the Vpp/2, ground-referenced
common-mode bias voltage. The BIAS circuitry’s output is available on the BIAS
pin so that an external capacitor can be connected between this pin and GND,
allowing for the connection of a decoupling capacitor. The value of this
capacitor is chosen based on the recommendations detailed in the BIAS
Capacitor section below.
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BIAS Capacitor

The BIAS pin is internally connected to the circuitry that generates the Vpp/2 bias
voltage. This connection allows connecting a capacitor between the internal
bias voltage generator and ground. This capacitor reduces power supply and
other source noise present at the common-mode node, maximizing the PSRR
and THD+N performance. This capacitor is also used by the bias generator
circuitry to produce a controlled slew rate bias voltage waveform that ensures
transient suppression at the amplifier outputs. This recommended capacitor’s
value is 2.2uF to maximize PSRR. To ensure proper amplifier operations, do not
connect any load to the BIAS pin. Doing so will compromise the amplifier’s
overall operation.

Current Limit

When the output current exceeds a nominal 5.5A, the MAX9744 disables the
outputs and initiates a startup sequence. This startup sequence takes 220us for
the MAX9744. The shutdown and startup sequence is repeated until the output
fault is removed. The average supply current is relatively low, as the duty cycle
of the output short is brief. Most applications will not enter hard current-limit
mode unless the output is short circuited or incorrectly connected.

BTL Amplifier Output

The AMP2X2's amplifier is designed to differentially drive loads connected
between the OUT+ and OUT- pins. This is a bridge-tied-load (BTL). This
configuration has advantages over a single-ended, ground referenced load.
Differential output drive doubles the output voltage across the load when
compared by the drive voltage across a single-ended load.

Doubling the voltage applied across a load quadruples the power dissipated by
the load. The peak-to-peak voltage swing across a single-ended load is
expressed by Eq. 1. The peak-to-peak voltage swing across a BTL-connected
load is expressed by Eq. 2. The power dissipated by a single-ended-connected
load is expressed by Eq. 3. The power dissipated by a BTL-connected load is
expressed by EqQ. 4.

_ Vourp—p
Vrms_se = Y Eq. 1
_ 2Voutp-p
Vems BT = Nz Eq. 2
P _ VRMS SE” Ea. 3
OUT_SE = —RL Q.
_ 2VRMS SE° __ VerMs BTL
Poyr B = = Eq. 4
Ry Ry

For a 5Vp-p output voltage swing, the dissipation in an 8Q load is 0.32TW.
When the load is applied across two identical amplifiers whose outputs are
180degress out-of-phase, the output voltage swing is 10Vp-p. This results in a
dissipation across the same 8 Q load that is 1.56W, or four times that dissipated
by a single-ended load.
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Even though each amplifier is biased to one-half of the power supply voltage,
since the voltage with respect to ground is the same on each output, there is no
net differential DC voltage applied across the load. There is, therefore, no need
to use any DC-blocking capacitors in series between the amplifier’s outputs and
the load. This is unlike a single-ended amplifier, which must have a DC-blocking
capacitor when the single-ended output and the ground terminated load. DC-
blocking capacitors used with single-ended amplifiers and very low resistances
will typically have high values, large size, and can degrade low-frequency
response and performance.

Adjustable Gain

The AMP2X2's amplifier uses external resistors to set the desired closed loop gain.
The output stage has an internal 20dB gain in addition to the externally set gain.
The MAX9744’s gain is set using Eq. 5.

A, = —302E Eq. 5

Rin

Referring to Figure 1 with Rin = 20kQ and Rr = 30kQ, the gainis -15V/V or 23.5dB.

Rr is best chosen in the range of 10kQ and 50kQ. The final gain is a function of
the volume setting. In the AMP2X2's case with a fixed voltage applied to the
SDA/VOL input, the maximum gain is 2.5dB. For example, with the volume set to
9.5dB, the amplifier’'s gain is 9.5dB plus 20dB (assumes that Rr = Rin). If adjustable
gain or adjustable volume is desired, the fixed value resistors R5 and Ré can be
replaced by a potentiometer.

Input Filter

The AMP2X2 uses AC-coupling capacitor, Ci, in series with amplifier’s single-
ended input. This capacitor allows the MAX9744’s input to bias to the optimum
DC level. Assuming a zero-source impedance, the combination of the input
resistor, Rin, and coupling capacitor Cin, forms a high-pass filter that has a cutoff

frequency as defined by Eq. 4.

1
fozap = Eq. 4

2nRINCIN
Setting the faqe frequency is set too high can compromise the low frequency
performance. This frequency is dependent on the frequency bandwidth design
targets for the system in which the AMP2X2 is used.
Capacitor chemistry recommendations include selecting devices with low
voltage coefficients such as film capacitors or NPO or X7R ceramic devices. It is
best to use high voltage ratings beyond 20V.

Power Supply Bypassing

The AMP2X2 uses proper supply capacitive bypassing to ensure low-noise, low-
distortion audio performance. This board features 10uF in parallel with 0.TuF
bypass capacitors between each PVpp pin and GND. Each amplifier Vpp pin is
bypassed with a 0.1uF ceramic capacitor to GND. For best performance, the
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bypass capacitors are placed as close as possible to the respective Vpp and
PVppb pins.

Shutdown Mode

The AMP2X2 features a low-power shutdown mode that, when activated,
reduces the board’s power supply current to a nominal 100puA. When shutdown
mode is active (a logic-low is applied to the SHDN pin by shorting JPé), the
amplifier’'s internal bias circuitry is disabled, the amplifier’s outputs change to a
high impedance state, the SYNCOUT is set to a logic high, and the BIAS pin
output and the common-mode input voltages decay to GND.

Suppressing Amplifier Output Transients

The AMP2X2's MAX9744 features a leading-edge transient suppression circuit
that ensures that output fransients’ magnitude that occur when the power
supply voltage is applied to the amplifier are minimized. This is a result of
conftrolling the slew rate of the bias circuitry’s output voltage’s magnitude
changes to Vpp/2. Conversely, when shutdown is activated, the impedance of
amplifier’'s outputs is set to a high impedance. Both functions work together to
ensure that fransient energy in the audio bandwidth is suppressed and
minimized.

Thermal Shutdown

When the amplifier’s die temperature exceeds the nominal 165°C thermal
shutdown threshold, the AMP2X2 outputs are disabled. When the die
temperature falls below a nominal 150°C, normal operation resumes. The
thermal shutdown turns off the output signal for approximately 3s. Most
applications should not activate thermal shutdown. Some of the possible causes
of thermal shutdown are a load impedance that is too low, high ambient
temperature, or excessive output overdrive.

AMP2X2 Controls, Input, Outputs, and Settings

The AMP2X2 features the following controls, input, output, and settings.

Jumper J1 is the AMP2X2's amplifier power supply voltage (PVop) input. Apply a
DC voltage in the range of 7Vpc to 9Vpc to achieve a clean, undistorted 2W
output for an 8Q load or a 4W output for a 4Q load. Apply the positive voltage
to the Voo pin (pin 2) and apply ground to the GND pin (pin 1).

Jumper J2 is the AMP2X2's logic subsystem power supply voltage input. Apply a
DC voltage in the range of 2.7Vpc to 3.6Vpc. Apply the positive voltage to the
Vop pin (pin 2) and apply ground to the GND pin (pin 1).

Jumper J3 provides the connection node for the single-ended, left-channel
audio signal input. The audio signal is applied to Vi pin (pin 2) and the input
signal’s ground reference is applied to GND (pin 1).

The input signal’s voltage magnitude is predicated on the power supply voltage
and the closed-loop gain set by resistors R1/R3. As configured, the AMP2X2 has
a 15x (23.5dB) closed-loop gain. For example, when using a 7V power supply
voltage, the output voltage is nominally 4.47Vrus when driving an 8Q loads and
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3.16Vrms When driving 4Q loads. With the AMP2X2's 23.5dB (15x) nominal gain,
the RMS input voltage levels are, respectively, 0.298Vrms and 0.211Verums. At these
levels, the THD will typically not exceed 1%.

Jumper J4 is the AMP1X2's left-channel BTL amplifier output. Connect a load
across the jumper’s pin 1 and pin 2. Pin 1 is the non-inverting output, whereas pin
2 is the inverting output.

Jumper J5 provides the connection node for the single-ended, right-channel
audio signal input. The audio signal is applied to Vi pin (pin 2) and the input
signal’s ground reference is applied to GND (pin 1).

The input signal’s voltage magnitude is predicated on the power supply voltage
and the closed-loop gain set by resistors R1/R3. As configured, the AMP2X2 has
a 15x (23.5dB) closed-loop gain. For example, when using a 7V power supply
voltage, the output voltage is nominally 4.47Vrus when driving an 8Q loads and
3.16Vrms When driving 4Q loads. With the AMP2X2's 23.5dB (15x) nominal gain,
the RMS input voltage levels are, respectively, 0.298Vrms and 0.211Verums. At these
levels, the THD will typically not exceed 1%.

Jumper Jé is the AMP1X2's right-channel BTL amplifier output. Connect a load
across the jumper's pin 1 and pin 2. Pin 1 is the non-inverting output, whereas pin
2 is the inverting output.

Jumper J7 controls the amplifier’s shutdown function. The default setting is the
jumper is open, pulling the active-low SHDN input to a logic high, allowing full
operation. When shutdown is desired, place a short between pin 1 and pin 2.
When shutdown is active, the amplifier output’'s change to a high-impedance
state, and the power supply current drops to a nominal 2uA.
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Dimensions
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