20W Stereo Class D Speaker Amplifier
with Volume Control

ABSOLUTE MAXIMUM RATINGS

v
v PVDD t0 PGND .....oiiiiiiiiiiccece e +16V 44-Pin Thin QFN (derate 37mW/°C above +70°C,
h VDD 10 GND L. +4V multilayer board) ............cccooooiiiiiiiie
FB_, SYNCOUT, SYNC, SDA/NVOL, ADDR1, 0JA, Single-Layer Board..............cocooviiiiiiiii
m ADDR2to GND.....ooovvii -0.3Vto (Vpp + 0.3V) 0JA, Multilayer Board ..........ccccooveiiiiiiii
* BOOT_to Vpp -0.3V to +6V Continuous Input Current (PVDD, PGND) .
BOOT_to OUT ..o -0.3V to +6V Continuous Output Current (OUT_) ...ooooviiiiiiiiiicei 3.2A
< OUT_to GND ....oooiiiiiiiiii -0.3V to (PVDD + 0.3V) Continuous Input Current (except OUT_).......ooovvviinennnn. +20mA
E PGNDto GND ..o, -0.3V to +0.3V Junction Temperature .............coccooeviiiiiicions
Any Other Pinto GND .......ooociiiiiii -0.3V to +4V Operating Temperature Range
OUT_, Short-Circuit Duration...........ccccccovvvvviiiiiin Continuous Storage Temperature Range ..........c..ccocvevennn.
Continuous Power Dissipation (Ta = +70°C) Lead Temperature (soldering, 10S) ........coocvevviiiiiiiiienn. +300°C
44-Pin Thin QFN (derate 27mW/°C above +70°C,
single-layer board)........cccccovviiiiiii 2162mwW

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VpvpD = 12V, Vpp = 3.3V, VGND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between
OUT_+ and OUT_-, RL = «, unless otherwise stated, CeooT_ = 0.1uF, Cpias = 2.2uF, CiN = 0.47uF, RiN = 20kQ, RF_ = 20kQ, spread-
spectrum mode, filterless modulation mode, see the Functional Diagrams/Typical Application Circuits. Ta = TMmIN to TmaX, unless oth-
erwise noted. Typical values are at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX UNITS
GENERAL
Speaker Amplifier Supply Voltage | - oy | nterred from PSRR test 45 14 v
Range
Supply Voltage Range VDD Inferred from PSRR test 2.7 3.6 Y
. IDD 20 35
Quiescent Current mA
IPVDD 10 20
| Ta = +25°C 0.1 1
Shutdown Current VDDSHDN A pA
IPvDDSHDN | TA = +25°C 0.1 1
Turn-On Time toN 200 ms
Common-Mode Bias Voltage VBIAS 1.5 V

Input Amplifier Output-Voltage Specified as Vpp - VoH, RL = 2kQ

Swing High Vor connected to 1.5V 20 mv
Input Amplifier Output-Voltage Specified as VoL - GND, RL = 2kQ
Swing Low Vou connected to 1.5V 20 mv
Input Amplifier Output Short-
Circuit Current Limit +60 mA
Input Amplifier Gain-Bandwidth GBW 18 MHz
Product
SPEAKER AMPLIFIERS
i Output stage gain 29.5
Gain AVMAX Maximum - p : geg dB
volume setting | Total gain (Note 2) 29.5
Output Offset Vos Ta = 25°C +2 +15 mV
2 NAXI/MN
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20W Stereo Class D Speaker Amplifier
with Volume Control

ELECTRICAL CHARACTERISTICS (continued)

(VpvpD = 12V, Vpp = 3.3V, VGND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between
OUT_+ and OUT_-, RL = «, unless otherwise stated, CeooT1_ = 0.1pF, Cpias = 2.2uF, CiN = 0.47pF, RiN = 20kQ, RF_ = 20k, spread-
spectrum mode, filterless modulation mode, see the Functional Diagrams/Typical Application Circuits. Ta = TMmIN to Tmax, unless oth-
erwise noted. Typical values are at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Pout = 10W, fin = 1kHz, %3
Filterless 8Q load o
modulation PoUT = 15W, fix = 1kHzZ, °
4Q load 87
Efficiency (Note 3
iciency ( ) " POUT = 10W, fin = 1kHz,
8Q load 92
PWM 9
Pout = 15W, fin = 1kHz, a8 %
4Q load
RL = 8Q, THD+N = 1% 1.4
VpyDD = 5V, RL = 8Q, THD+N = 10% 1.8
fin = 1kHz RL = 4Q, THD+N = 1% 2.6
RL = 4Q, THD+N = 10% 3.6
RL = 8Q, THD+N = 1% 8
Vpvpp = 12V, |RL=8Q, THD+N = 10% 10
Output Power P W
P OUT i = 1kHz RL = 4, THD+N = 1% 14
RL = 4Q, THD+N = 10% 17
RL = 8Q, THD+N = 1% 10
VpvDD = 14V, RL = 8Q, THD+N = 10% 13
fiN = 1kHz RL =4Q, THD+N = 1% 17.5
RL = 4Q, THD+N = 10% 22.5
Hard Output Current Limit Isc 3.9 5.5 A
o . f=1kHz, RL = Filterless modulation 0.04
Lot.al Harmonic Distortion Plus THD+N 80, PouT = 5W, %
oise finy = 1kHz PWM 0.04
Fixed-frequency
. . 91
POUT = 10W, modulation, unweighted
RL = 8Q, Spread-spectrum,
' : 90
filterless unweighted B
modulation Fixed-frequency 94
mode, BW = modulation, A-weighted
22Hz 10 22kHz | gpyread-spectrum, o4
A-weighted
Signal-to-Noise Ratio SNR - g
Fixed-frequency 91
modulation, unweighted
Pout = 10W, Spread-spectrum, 81
RL = 8Q2, PWM unweighted 4B
mode, BW = Fixed-frequency 94
22Hz to 22kHz | modulation, A-weighted
Spread-spectrum, 89
A-weighted
M AXI WV 3
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20W Stereo Class D Speaker Amplifier
with Volume Control

ELECTRICAL CHARACTERISTICS (continued)

(VpvpDp = 12V, Vpp = 3.3V, VGND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between
OUT_+ and OUT_-, RL = «, unless otherwise stated, CeooT_ = 0.1uF, Cpias = 2.2uF, CiN = 0.47uF, RiN = 20kQ, RF_ = 20kQ, spread-
spectrum mode, filterless modulation mode, see the Functional Diagrams/Typical Application Circuits. Ta = TMmIN to TmaX, unless oth-
erwise noted. Typical values are at Tp = +25°C.) (Note 1)

MAX9744

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
1kHz 85
Crosstalk dB
20Hz to 20kHz 68
Vpp = 2.7V 10 3.6V, Ta = 25°C, 68
MUTE = high
Power-Supply Rejection Ratio PSRR PVpp = 4.5V to 14V 50 83 daB
f = 1kHz, VRIPPLE = 100mVp-p on VDD 70
f = 1kHz, VRIPPLE = 200mVp-p on PVDD 75
SYNC = GND 1020 1200 1355
SYNC = unconnected 1280 1440 1640
SYNC Frequency fsYNC kHz
SYNC = Vpp (spread-spectrum mode) 1+23OOO
SYNC = GND 255 300 338
Class D Switching Frequency fsw SYNC = unconnected 320 360 410 kHz
SYNC = Vpp (spread-spectrum mode) 3+060
SYNC Frequency Lock Range 1000 1600 kHz
Minimum SYNC Frequency Lock
40 %
Duty Cycle
Maximum SYNC Frequency Lock
60 %
Duty Cycle
Gain Matching Full volume (ideal matching for RiN and RF) 0.2 dB
Into shutdown -43
) Peak voltage, 32 Out of shutdown -43
Click-and-Pop Level Kcp samples/second, dBv
A-weighted (Note 4) | INto mute 46
Out of mute -57
VOLUME CONTROL
VOL Input Leakage Current +5 uA
Input Hysteresis DC volume control mode 11 mV
9.5dB Gain Voltage DC volume control mode 0.1 xVpD V
Full Mute Voltage DC volume control mode 0.9 xVpD \
Full Mute Attenuation f = 1kHz, relative to 9.5dB setting -115 dB
DIGITAL INPUTS/OUTPUT (SHDN, MUTE, ADDR1, ADDR2, SCLK, SDA/VOL)
Input-Voltage High VIH 0.7 x VDD Vv
Input-Voltage Low ViL 0.3 xVpD \
Input Leakage Current LK Ta = +25°C +1 PA
Input Hysteresis SCLK, SDA/VOL 0.1 x Vpp Vv
Input Capacitance CIN 5 pF
Output-Voltage Low ViL loL = 3mA 0.4 \
4 AKXV
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20W Stereo Class D Speaker Amplifier
with Volume Control

ELECTRICAL CHARACTERISTICS (continued)

(VpvpDp = 12V, Vpp = 3.3V, VGND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between
OUT_+ and OUT_-, RL = «, unless otherwise stated, CeooT_ = 0.1uF, Cpias = 2.2uF, CiN = 0.47uF, RiN = 20kQ, RF_ = 20kQ, spread-
spectrum mode, filterless modulation mode, see the Functional Diagrams/Typical Application Circuits. Ta = TMmIN to TmaX, unless oth-
erwise noted. Typical values are at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DIGITAL INPUT (SYNC)
Input-Voltage High VSYNCIH 2.3 \
Input-Voltage Low VSYNCIL 0.8 \%
SYNC Input Leakage ISYNCIN Ta = +25°C +7.5 +13 PA
DIGITAL OUTPUT (SYNCOUT)
Output-Voltage High VSYNCOUTIH | ISOURCE = TmA Vg% - v
Output-Voltage Low VsyNCOUTIL | ISINK = TmA 0.3 V
Rise/Fall Time CL = 10pF 50 V/us
THERMAL PROTECTION
Thermal-Shutdown Threshold +165 °C
Thermal-Shutdown Hysteresis 15 °C
12C TIMING CHARACTERISTICS (Figure 3)
Serial Clock fscL 400 kHz
Bus Free Time Between a STOP i 13 S
and a START Condition BUF ' H
Hold Time (Repeated) START
Condition tHD, STA | (Note 5) 0.6 us
Repeated START Condition ¢ 06 s
Setup Time SU, STA ’ H
STOP Condition Setup Time tsu, sTO 0.6 us
Data Hold Time tHD,DAT 0 0.9 us
Data Setup Time tSU,DAT 100 ns
SCL Clock Low Period tLow 1.3 us
SCL Clock High Period tHIGH 0.6 us
Rise Time of SDA and SCL, 20 +
Receiving R (Note 6) 0.1Cp 800 ns
Fall Time of SDA and SCL, 20 +
Receiving tF (Note 6) 0.1Cq 300 ns
Pulse Width of Spike Suppressed tsp 0 50 ns
Eiizaomve Load for Each Bus Ce 400 oF

Note 1: All devices are 100% production tested at +25°C. All temperature limits are guaranteed by design.
Note 2: See the Gain-Setting Resistors section.

Note 3: Measured on the MAX9744 Evaluation Kit.

Note 4: Testing performed with an 8Q resistive load connected across BTL output. Mode transitions are controlled by SHDN or

MUTE pin, respectively.

Note 5: A master device must provide a hold time of at least 300ns for the SDA signal in order to bridge the undefined region of the

SCL's falling edge.

Note 6: Cp = total capacitance of one bus line in pF.

MAXIM
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MAX9744

20W Stereo Class D Speaker Amplifier
with Volume Control

Typical Operating Characteristics
(VpvpD = 12V, Vpp = 3.3V, VaND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between

OUT_+ and OUT_- with an inductor in series, 8Q load, L = 68uH, 4Q load, L= 33uH. R = =, unless otherwise stated, Cgjas = 2.2uF,
CIN = 0.47pF, RN = 20kQ, RF_ = 20kQ, spread-spectrum mode, Ta = +25°C, unless otherwise noted.)

TOTAL HARMONIC DISTORTION PLUS NOISE

vs. OUTPUT POWER

TOTAL HARMONIC DISTORTION PLUS NOISE

vs. OUTPUT POWER

100 = 100 100 o
PVDD =12V ——= g PVDD =12V g PVDD =12V E
RL=4Q —— g RL=4Q —: RL=8Q '%
10 LFILTERLESS MODULATION z 10 1Pwm mopE E 10 }FILTERLESS MODULATION ;é%
— 77 i 77 2
[ [ 17 = - y A
S fiy = 6kHz . fin = 6ktz 4 . iy =6tz
< is = ¥ — I = ¥ o /4
é /‘ — A 4 é " é — ;I
C = % j’ ; e =,
fin = 1kHz _ fin = 1kHz
001 0.1 [ [ fin = Ttz 0.01
; fin = 100Hz fin = 100Hz
fin = 100Hz i I T T
0.001 0.001 | | 0.001 | |
0 2 4 6 8 10 12 14 16 18 20 0 4 8 12 16 20 0 3 6 9 12
OUTPUT POWER (W) OUTPUT POWER (W) OUTPUT POWER (W)
TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE
vs. OUTPUT POWER vs. OUTPUT POWER vs. OUTPUT POWER
100
100 sy 3 100 s : g PVDD = 5V ¢
RL=8Q z RL=4Q ; —z RL=4Q —
10 |PWMMODE : 10 [FILTERLESS MODULATION {/ E 10 |PWM moDE é ]
7] /7’// s = B6kH. /Illllll
= fin = 6kHz IN = DKz
£ R 2 £ . / g N /4
: = : ——7 = =
= | Wi =S A = /
0.1 0.1 0.1
=< In7 = e~ - Ik
3 = 4 w = s
001 s - 001 f——»~ i = 1kHz 0.01 :
— 1\ - 100Hz — fin= 190HZ fiy = 100Hz
0.001 0.001 0.001
0 3 6 9 12 0 1 2 3 4 0 1 2 3 4
QUTPUT POWER (W) OUTPUT POWER (W) OUTPUT POWER (W)
TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE
vs. OUTPUT POWER vs. OUTPUT POWER
100 100 o
PVDD = 12V B EPVDD = 12V :
RL=40 2 R =80 £
10 bin=1kHz E: 10 i = TkHz E
FILTERLESS MODULATION = EFILTERLESS MODULATION 7
7 I 7
V4 V4
= 1 / S
= FFM 7 = j
= vi ES FFM A
pu pu
EE \"# = 0 ke l = J
L3S — X<
SSM
0.01 0.01 SSM
0.001 0.001
0 4 8 12 16 20 0 2 4 6 8 10 12
OUTPUT POWER (W) OUTPUT POWER (W)
6 W /A1

vs. OUTPUT POWER

TOTAL HARMONIC DISTORTION PLUS NOISE
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20W Stereo Class D Speaker Amplifier
with Volume Control

Typical Operating Characteristics (continued)

(VpvpD = 12V, Vpp = 3.3V, VaND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between
OUT_+ and OUT_- with an inductor in series, 8Q load, L = 68uH, 4Q load, L= 33uH. R = =, unless otherwise stated, Cgjas = 2.2uF,
CIN = 0.47pF, RN = 20kQ, RF_ = 20kQ, spread-spectrum mode, Ta = +25°C, unless otherwise noted.)

TOTAL HARMONIC DISTORTION PLUS NOISE
vs. OUTPUT POWER

TOTAL HARMONIC DISTORTION PLUS NOISE
vs. FREQUENCY

TOTAL HARMONIC DISTORTION PLUS NOISE
vs. FREQUENCY

100

100 2 -
PVDD = 12V ] 10 FVoD =Ty ErrEe 8 PVDD = 12V H
RL=4Q g Ro=4Q  —HHHI z RL=4Q z
10 bin=1kHz |z 10 | FILTERLESS MODULATION : 10 LPWW MoDE e
PWM MODE =
7
7/
& / g &
= 7 = QUTPUT POWER = 10W =
2 T 4 = NG 2 [— OUTPUT POWER = 10W {77
= 01 4 = 01 | 20 = 01 RN A
== EEEN S Sa \
- TERNCHH i )
OUTPUT POWER = 5W
0.01 SSM 0.01 0.1 OUTPUT POWER = 5W
i i i
0001 \ 0.001 0001 AN R
0 4 8 1 1% 20 10 100 1% 10k 100k 10 100 1k 10k 100k
OUTPUT POWER (W) FREQUENCY (H2) FREQUENCY (H2)
TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE
vs. FREQUENCY vs. FREQUENCY vs. FREQUENCY
. o 1
"0 Frvon- = 8 " FPvoD -T2y 5 Rl R === B
R=8Q —FFHHHH 3 R - 8Q 3 Ru-dQ  F—HHHHHE 1z
10 | FILTERLESS MODULATION z 10 | PWw MoDE : 10 LFILTERLESS MODULATION g
£ £ e 1 E
— _ o = [— OUTPUT POWER = 1.5W
= - OUTPUT POWER - 6 £ Z i i — OUTPUT POWER = 1.5
= o1 / = o \ = o A
T \ i 2 T
001 AL, R 001 OUTPUT POWER = 30 0.1 OUTPUT POWER = 500mW =z
1 A 1 1 AT
0.001 1 A 0.001 IR 0.001
10 100 1k 10k 100k 10 100 1 10k 100k 10 100 1k 10k 100k
FREQUENCY (Hz) FREQUENCY (H2) FREQUENCY (H2)
TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE
vs. FREQUENCY vs. FREQUENCY
10 FevpD =5 g 100 FevpD =Ty g
RL=4Q K RL=4Q K
10 LPWm moDE g 10 | FILTERLESS MODULATION z
Pour=5W SESEE = SssEt
O O
g  OUTPUT POWER = 500mW =4 = SSM
pu
= 01 SEit ; = o : ===t
sEES A gt
[T T ALdul \
[RRLLLI N \
001 [=======OUTPUT POWER = 1 5W == 0.01 FFM
a5
0.001 0001 L]
10 100 1k 10k 100k 10 100 1k 10k 100k
FREQUENCY (H2) FREQUENCY (H2)
MAXI
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20W Stereo Class D Speaker Amplifier
with Volume Control

vs. FREQUENCY

MAX9744

EFFICIENCY vs. OUTPUT POWER

Typical Operating Characteristics (continued)

(VpvpD = 12V, Vpp = 3.3V, VaND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between
OUT_+ and OUT_- with an inductor in series, 8Q load, L = 68uH, 4Q load, L= 33uH. R = =, unless otherwise stated, Cgjas = 2.2uF,
CIN = 0.47pF, RN = 20kQ, RF_ = 20kQ, spread-spectrum mode, Ta = +25°C, unless otherwise noted.)

TOTAL HARMONIC DISTORTION PLUS NOISE

EFFICIENCY vs. OUTPUT POWER

100 - 100 MAX9744 tocl 10 100 ‘ ‘ MAX9744 toc1 5W
PVDD = 12V==+ ;H, ‘ FILTERLESS MODULATION
RL=8Q HHHHI £ 90 | FILTERLESS MODULATION 9 90 : i
10 LFILTERLESS MODULATION E % o 8 80 PUM MODE
Pour = 3W 77" PWM MODE = .
(] 7E _ S
_ g [ z g =
O = . > 60 6 £ = 60 a
S & < O 97}
g FFM = 50 ¢ g I 50 g
[ = 9
= o1 L =40 — 42 E @ &
T w o
i ER\ 30 35 80 —
‘ \| / =
0.01 SSM 2 - 2 20 = PVDD = 12V
0 T PVDD =12V, fiy = 1kHz, R =40 ; 0 - i = 1kHz
[~ \ \ L~ RL=8Q
0.001 0 0 0 : ow
10 100 1k 10k 100k 0 4 8 12 16 0 2 4 6 8 10
FREQUENCY (Hz) OUTPUT POWER (W) OUTPUT POWER (W)
(PER CHANNEL)
EFFICIENCY vs. OUTPUT POWER EFFICIENCY vs. SUPPLY VOLTAGE EFFICIENCY vs. SUPPLY VOLTAGE
100 - - - MAX9744 toc20 2W 100 - 100 N
FILTERLESS MODULATION g ‘ E
90 T T — 3 5
80 PWM MODE % 2 % THOM = 10% 2
= : _ ‘O
= ;g E S THDSN = 10° = W THD+N = 1%
> a —— =
E 50 %’ E o THD+N = 1% T é %
== c O o
£ 4 R &
// S % g 80
30 -
20 PVDD =5V fin = 1kH fix = 1KH
| fin = 1kHz LIIN z
10 _A fin=1kHz ] 75 RL=4Q 75 R =8Q
/
RL=4Q FILTERLESS MODULATION FILTERLESS MODULATION
0 . ow 70 L ! 70 ! ]
0 05 10 15 20 25 30 4 6 8 10 12 14 4 6 8 10 12 14
OUTPUT POWER (W) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
EFFICIENCY vs. SUPPLY VOLTAGE OUTPUT POWER vs. SUPPLY VOLTAGE
100 < 24 <
fin = 1kHz E fin = 1kHz E
RL=4Q g RL=4Q g
95 | PWM MODE E: 20 F PWM MODE / z
= ® _10% S 1 V.4
£ | THD«N=10% = TN 0% /
Py f =
Z 8 THD+N = 1% S 1 /
2 5
5 z gl
80 3 8
/ 7 THDN=1%
75 4 4
=
70 0
4 6 8 10 12 14 4 6 8 10 12 14
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
8 MAXIV
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20W Stereo Class D Speaker Amplifier
with Volume Control

Typical Operating Characteristics (continued)
(VpvpD = 12V, Vpp = 3.3V, VaND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between
OUT_+ and OUT_- with an inductor in series, 8Q load, L = 68uH, 4Q load, L= 33uH. R = =, unless otherwise stated, Cgjas = 2.2uF,
CIN = 0.47pF, RN = 20kQ, RF_ = 20kQ, spread-spectrum mode, Ta = +25°C, unless otherwise noted.)

OUTPUT POWER vs. SUPPLY VOLTAGE OUTPUT POWER vs. LOAD RESISTANCE OUTPUT POWER vs. LOAD RESISTANCE
16 ‘ . 20 — . 4 —
R.- 80 g PVDD = 12V | PVDD=5V [
fin = TkHz 2 = 1kHz g =tkiz |2
PWM MODE / E: 16 FILTERLESS MODULATION-{E PWM MODE =
- = \ 5 ’ \
= = =
= THD+N = 10% / \ 109
= NS 10% g 1 THD:N = 10% & THD+N = 10%
= 8 = = 2
5 / = N g \
£ / 5 /)\ N S
o /// THD+N=1% | THD+N 1/\\\ ! \\
N =1% 4 |- THDN=1% THD-N = 1%
// —— \§§
0 0 0
4 6 8 10 12 14 0 5 10 15 20 25 30 0 5 10 15 20 25 30
SUPPLY VOLTAGE (V) LOAD RESISTANCE (Q2) LOAD RESISTANCE (Q2)
CASE TEMPERATURE CASE TEMPERATURE POWER-SUPPLY REJECTION RATIO (PVDD)
vs. OUTPUT POWER vs. OUTPUT POWER vs. FREQUENCY
125 ‘ - 75 ‘ o | -
fin = TkHz \ g fin = TkHz \ g PVDD = 12V E
RL=4Q PVDD = 14V g RL=8Q PVDD = 14V z 10T VapeLe = 200mvp.p :
100 PWM MODE // s \ PW!\‘/I MO\DE z 20 g
= L~ o PVDD = 12V
e < 30
& PVDD - 12V N =~ s 50 —PWhI MODE — ]
2 75 [—pwMMODE = = ——— g 40 PWM MODE
£ G B E
& 2 N £ -50
= -~ = 1 T/
i 7 \ o PVDD = 12V w0 A
2 = PVDD = 12V 2 % " 70 P
© . = FILTERLESS MODULATION < pvoD =14y T En-ESS MODULATION 0 |l ~ T
R Y FILTERLESS MODULATION L TERLESS MODULATION
| 1
0 L L L L 0 -100
0 3 6 9 12 15 18 0 2 4 6 8§ 10 1 10 100 % 10k 100k
OUTPUT POWER (W) OUTPUT POWER (W) FREQUENCY (H2)
POWER-SUPPLY REJECTION RATIO (Vpp) EMI WITH FERRITE BEAD FILTERS
vs. FREQUENCY (Vpp =12V, 1m CABLE, 82 LOAD)
0 i, 40 .
Vpp=3.3V 5 £
10 [ VappLe = 100mVp p 5 35 5
220 E . E
= EN5022 B LIMIT
-30 8 g
(=}
g PWM MODE / g
= 50 &
% = 2
60 L] =
/—-/ E
-70 N S 15
-80 | FILTERLESS MODULATION 11 0
-100 5
10 100 1K 10k 100k 30 60 100 140 180 220 260 300
FREQUENCY (H2) 80 120 160 200 240 280
FREQUENCY (MH2)
IMAXIV 9
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20W Stereo Class D Speaker Amplifier
with Volume Control

Typical Operating Characteristics (continued)

(VpvpD = 12V, Vpp = 3.3V, VaND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between
OUT_+ and OUT_- with an inductor in series, 8Q load, L = 68uH, 4Q load, L= 33uH. R = =, unless otherwise stated, Cgjas = 2.2uF,
CIN = 0.47pF, RN = 20kQ, RF_ = 20kQ, spread-spectrum mode, Ta = +25°C, unless otherwise noted.)

MAX9744

OUTPUT WAVEFORM
(FILTERLESS MODULATION) OUTPUT WAVEFORM (PWM) OUTPUT FREQUENCY SPECTRUM
- - - _W - — - . - - .MAX97.44 0034 [] o
- Lo ' FFMMODE |2
F . L 20 Vin =-60dBV &
o 1 2v/div : V/div f=1kHz E
. R PRI T % 40 RL=4Q ]
: E vy UNWEIGHTED
N (=}
s ' ! | . ' o £ -60
=
ow— | j—— = 80 LEFT
2V/div : 5 S Qjdiv 3 -100
. S ) S [ 120 RIGHT
: : : 0 |
0 5 10 15 20
1us/div 1us/div FREQUENCY (kHz)
WIDEBAND OUTPUT SPECTRUM WIDEBAND OUTPUT SPECTRUM
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20W Stereo Class D Speaker Amplifier
with Volume Control

Typical Operating Characteristics (continued)
(VpvpD = 12V, Vpp = 3.3V, VaND = VPGND = 0V, VMUTE = OV; max volume setting; all speaker load resistors connected between
OUT_+ and OUT_- with an inductor in series, 8Q load, L = 68uH, 4Q load, L= 33uH. R = =, unless otherwise stated, Cgjas = 2.2uF,
CIN = 0.47pF, RN = 20kQ, RF_ = 20kQ, spread-spectrum mode, Ta = +25°C, unless otherwise noted.)

CROSSTALK vs. FREQUENCY CROSSTALK vs. AMPLITUDE TURN-ON/OFF RESPONSE
0 = 0 r o~ MAX9744 toc4.
Vin = 200mVRms E RL=8Q 8 L] M
3 10 |« 3 :
» g = 1kHz S et
= 20 : ; —
) R il of SHON
& 40 s 0 - o v
g 2w N
'<_: '60 '<_( ’50 [ HII:H---:HII:HD-- A ‘-H{:IIH:---H:HH
& 2 RIGHT TO LEFT e L
é LEFT TO RIGHT / 3 50 LEFT TO RIGHT | S i T
S g Il 5 \
N i -70
e = . W Nl 1] oUTPUT
-100 RIGHT TO LEFT ) S Y}
i - ~H
4120 -100
10 100 1k 10k 100k 60 -50 -40 -30 -20 -10 0 10 20 S—
FREQUENCY (H2) AMPLITUDE (dBV) ms/a
VOLUME CONTROL LEVEL SUPPLY CURRENT (PVDD)
vs. VOLUME CONTROL VOLTAGE vs. SUPPLY VOLTAGE
20 3 16 g
0 \\ i 14 g
VOLUME CONTROL LEVEL  |* s
= 12
= 20 £
= = 10 PWM MODE //
z 4 N =
=
=2 60 \ E 6 //{
S N\ s —
80 3 = FILTERLESS MODULATION
4
-100 )
120 0
0 05 10 15 20 25 30 35 4 6 8 0 12 14
VoL (V) SUPPLY VOLTAGE (V)
SUPPLY CURRENT (Vpp) SHUTDOWN CURRENT
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
30 o 08 ‘ ‘ ‘ 5
g SHUTDOWN CURRENT = Ipypp + Ipp £
g Vop=33V :
25 : = =
£ FILTERLESS MODULATION 2 07
Z 2 N | =
o | — =
2 =
= 15 PWM MODE =
5 g
@ 2
» 05
10
5 04
30 32 34 36 38 40 4 6 8 0 12 14
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20W Stereo Class D Speaker Amplifier
with Volume Control

<+ Pin Description
E PIN NAME FUNCTION
m ’ BOOTL+ Left-Channel Positive Speaker Output Boost Flying-Capacitor Connection. Connect a 0.1uF
k ceramic capacitor between BOOTL+ and OUTL+.
< 2,3 OUTL+ Left-Channel Speaker Output, Positive Phase
E 4,5,29, 30 PVDD Speaker Amplifier Power-Supply Input. Bypass each with a 1uF capacitor to PGND.
6, 10, 21, 28 VbD Power-Supply Input. Bypass each with a 1uF capacitor to GND.
7,11,12,15,27 GND Ground
8 SDA/NOL | I2C Serial Data I/O and Analog Volume Control Input
12C Serial Clock Input and Modulation Scheme Select. In 12C mode (ADDR1 and ADDR2 # GND),
9 SCLK/PWM | acts as I2C serial clock input. When ADDR1 and ADDR2 = GND, set SCLK = 1 for standard PWM
output scheme, or set SCLK = O for filterless modulation output scheme.
Address Select Input 1. Sets device address for 12C address option. Connect ADDR1 and ADDR2
13 ADDR1
to GND to select analog volume control mode.
Address Select Input 2. Sets device address for 12C address option. Connect ADDR1 and ADDR2
14 ADDR2
to GND to select Analog Volume Control mode.
16 INL Left-Channel Audio Input
17 FBL Left-Channel Feedback. Connect feedback resistor between FBL and INL to set amplifier gain. See
the Gain-Setting Resistors section.
Right-Channel Feedback. Connect feedback resistor between FBR and INR to set amplifier gain.
18 FBR ) . , .
See the Gain-Setting Resistors section.
19 INR Right-Channel Input
20 BIAS Common-Mode Bias Voltage. Bypass with a 2.2uF capacitor to GND.
20 SHDON Shutdown Input. Drive SHDN low to disable the audio amplifiers. Connect SHDN to Vpp or drive
high for normal operation.
23 N.C. No Connection. Not internally connected.
o4 MUTE Mute Input. Drive MUTE high to mute the speaker outputs. Connect MUTE to GND for normal
operation (mute function controls speaker outputs only).
Frequency Select and External Clock Input.
SYNC = GND: Fixed-frequency mode with fsync = 1200kHz
o5 SYNC SYNC = Unconnected: Fixed-frequency mode with fsync = 1440kHz
SYNC = Vpp: Spread-spectrum mode with fsyNc = 1200kHz £30kHz
SYNC = Clocked: Fixed-frequency mode with fsyNc = external clock frequency. fsw = 1/4 the
value of fgyne.

12
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20W Stereo Class D Speaker Amplifier
with Volume Control

Pin Description (continued)

PIN NAME FUNCTION
26 SYNCOUT | SYNC Signal Output
31,32 OUTR+ Right-Channel Positive Speaker Output
33 BOOTR+ Right-Channel Positive Speaker Output Boost Flying-Capacitor Connection. Connect a 0.1uF
ceramic capacitor between BOOTR+ and OUTR+.
34, 35, 39,
43, 44 PGND Power Ground
36, 37 OUTR- Right-Channel Negative Speaker Output
38 BOOTR- Right-Channel Negative Speaker Output Boost Flying-Capacitor Connection. Connect a 0.1uF
ceramic capacitor between BOOTR- and OUTR-.
40 BOOTL- Left-Channel Negative Speaker Output Boost Flying-Capacitor Connection. Connect a 0.1uF
ceramic capacitor between BOOTL- and OUTL-.
41, 42 QOUTL- Left-Channel Negative Speaker Output
. Ep Exposed Pad. The external pad lowers the package’s thermal impedance by providing a direct
heat conduction path from the die to the PCB. Connect the exposed thermal pad to PGND.

Detailed Description

The MAX9744 20W filterless, stereo Class D audio
power amplifier offers Class AB performance with Class
D efficiency with a minimal board space solution. The
MAX9744 features a spread-spectrum modulation
scheme offering significant improvements to switch-
mode amplifier technology. This device features analog
or digitally adjustable volume control, externally set
input gain, shutdown mode, SYNC input and output,
mute, and industry-leading click-and-pop suppression.

The MAX9744 features extensive click-and-pop sup-
pression circuitry that eliminates audible clicks-and-
pops at startup and shutdown.

The MAX9744 features a 64-step, dual-mode (analog
or 12C) volume control and mute function. In analog vol-
ume control mode, the voltage applied to SDA/NVOL
sets the volume level. Two address inputs (ADDRT,
ADDR?2) set the volume control function between ana-
log and 12C mode and set the slave address. In 12C
mode, there are three selectable slave addresses
allowing for multiple devices on a single bus.

The MAX9744 offers spread-spectrum and fixed-fre-
quency modes of operation with classic PWM or filter-
less modulation output schemes. The filterless

MAXIM

modulation scheme uses minimum pulse outputs when
the audio inputs are at the zero crossing. As the input
voltage increases or decreases, the duration of the
pulse at one output increases while the other output
pulse duration remains the same. This causes the net
voltage across the speaker (VouT+ - VouT-) to change.
The minimum-width pulse topology reduces EMI and
increases efficiency.

Operating Modes

Fixed-Frequency Modulation Mode
The MAX9744 features two fixed-frequency modes:
300kHz and 360kHz. Connect SYNC to GND to select
300kHz switching frequency; leave SYNC unconnected
to select the 360kHz switching frequency. The
MAX9744 frequency spectrum consists of the fundamen-
tal switching frequency and its associated harmonics
(see the Wideband Output Spectrum graphs in the Typical
Operating Characteristics). For applications where exact
spectrum placement of the switching fundamental is
important, program the switching frequency so that the
harmonics do not fall within a sensitive frequency band
(Table 1). Audio reproduction is not affected by chang-
ing the switching frequency.

13
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MAX9744

20W Stereo Class D Speaker Amplifier

with Volume Control

Spread-Spectrum Modulation Mode
The MAX9744 features a unique spread-spectrum
mode that flattens the wideband spectral components,
improving EMI emissions that may be radiated by the
speaker and cables. This mode is enabled by setting
SYNC = Vpp (Table 1). In spread-spectrum mode, the
switching frequency varies randomly by +7.5kHz
around the center frequency (300kHz). The modulation
scheme remains the same, but the period of the trian-
gle waveform changes from cycle to cycle. Instead of a
large amount of spectral energy present at multiples of
the switching frequency, the energy is now spread over
a bandwidth that increases with frequency. Above a
few megahertz, the wideband spectrum looks like white
noise for EMI purposes. A proprietary amplifier topolo-
gy ensures this does not corrupt the noise floor in the
audio bandwidth.

External Clock Mode
The SYNC input allows the MAX9744 to be synchro-
nized to an external clock or another Maxim Class D
amplifier, creating a fully synchronous system. This
minimizes clock intermodulation and allocates spectral
components of the switching harmonics to insensitive
frequency bands. Applying a clock signal between
1MHz and 1.6MHz to SYNC synchronizes the
MAX9744. The MAX9744 Class D amplifier operates at
1/4 of the SYNC frequency. For example, if SYNC is
1.6MHz, the Class D amplifier operates at 400kHz.

The external SYNC signal can be any CMOS clock
source with a 40% to 60% duty cycle. Spread-spectrum
clocks work well to reduce EMI; therefore, the
SYNCOUT signal from another MAX9744 in spread-
spectrum mode is an excellent SYNC input.

Table 1. Operating Modes

SYNC MODE fsync (kHz) | fsw (kHz)
GND Fixed-frequency 1200 300
modulation
Unconnected | X€d-frequency 1440 360
modulation
VoD Spread-spectrum 1200 +30 | 300 7.5
modulation
1000 to 250 to
Clocked EXT 1600 400

14

SYNCOUT allows several Maxim amplifiers to be cas-
caded (Figure 1). The synchronized output minimizes
interference due to clock intermodulation caused by the
switching spread between single devices. Using
SYNCOUT and SYNC does not affect the audio perfor-
mance of the MAX9744.

Filterless Modulation/PWM Modulation
The MAX9744 features two output modulation schemes:
filterless modulation or classic PWM. The MAX9744 out-
put modulation schemes are selectable through
SCLK/PWM when the device is in analog mode (ADDR1
and ADDR2 = GND, Table 2) or through the 12C inter-
face (Table 8). Maxim’s unique, filterless modulation
scheme eliminates the LC filter required by traditional
Class D ampilifiers, reducing component count and con-
serving board space and system cost. Although the
MAX9744 meets FCC and other EMI limits with a low-
cost ferrite bead filter, many applications still may want
to use a full LC-filtered output. If using a full LC filter,
audio performance is best with the MAX9744 configured
for classic PWM output.

Switching between schemes, the output is not click-and-
pop protected. To have click-and-pop protection when
switching between output schemes, the device must
enter shutdown mode and be configured to the new out-
put scheme before the startup sequence is finished.

AXIM

maxozas T

OUTL- f—
SYNC INPUT
—SYNC

OUTR+—
OUTR-F—

SYNCOUT

/NI
MAX9709

OUT+
0uT-

SYNC

Figure 1. Cascading Two Amplifiers’ External Clock Mode

MAXIMN
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20W Stereo Class D Speaker Amplifier

Table 2. Modulation Scheme Selection

with Volume Control

ADDR2 ADDR1 SDA/VOL SCLK/PWM FUNCTION
0 0 Analog volume control 0 Filterless modulation
0 0 Analog volume control 1 Classic PWM (50% duty cycle)
Efficiency Thermal Shutdown

The high efficiency of a Class D amplifier is due to the
switching operation of the output stage transistors. In a
Class D amplifier, the output transistors act as current-
steering switches and consume negligible additional
power. Any power loss associated with the Class D out-
put stage is mostly due to the 12R loss of the MOSFET
on-resistance, and quiescent current overhead.

The theoretical best efficiency of a linear amplifier is
78% at peak output power. Under normal operating lev-
els (typical music reproduction levels), the efficiency
falls below 30%, whereas the MAX9744 exhibits > 80%
efficiency under the same conditions (Figure 2).

Current Limit
When the output current exceeds the current limit, 5.5A
(typ), the MAX9744 disables the outputs and initiates a
220us startup sequence. The shutdown and startup
sequence is repeated until the output fault is removed.
Since the retry repetition is slow, the average supply
current is low. Most applications do not enter current-
limit mode unless the output is short circuited or incor-
rectly connected.

EFFICIENCY
vs. OUTPUT POWER
100 o
90 §
80 // 2
= 70 / MAX9744
= 60 ]
O
& 50 _—
<]
£ 4 1
30 CLASS AB
20 PVDD = 12V
10 / le =1kHz
RL=4Q
0 ‘
0 2 4 6 8 10
OUTPUT POWER (W)

Figure 2. MAX9744 Efficiency vs. Class AB Efficiency

MAXIM

When the die temperature exceeds the thermal-shut-
down threshold, +165°C (typ), the MAX9744 outputs
are disabled. Normal operation resumes when the die
temperature decreases by a factor equal to the
thermal-shutdown threshold minus the thermal-shut-
down hysteresis, (typically below +150°C). The effect of
thermal shutdown is an output signal turning off for
approximately 3s in most applications, depending on
the thermal time constant of the audio system. Most
applications should never enter thermal shutdown.
Some of the possible causes of thermal shutdown are
too low of a load impedance, bad thermal contact
between the MAX9744’s exposed pad and PCB, high
ambient temperature, poor PCB layout and assembly,
or excessive output overdrive.

Shutdown
The MAX9744 features a shutdown mode that reduces
power consumption and extends battery life. Driving
SHDN low places the device in low-power shutdown
mode. Connect SHDN to digital high for normal opera-
tion. In shutdown mode, the outputs are high imped-
ance, SYNCOUT is pulled high, BIAS voltage decays to
zero, and the common-mode input voltage decays to
zero. The 12C register does not retain its contents dur-
ing shutdown (MAX9744).

Mute Function
The MAX9744 features a clickless-and-popless mute
mode. When the device is muted, the outputs do not
stop switching; only the volume level is muted to the
speaker. Mute only affects the output stage and does
not shut down the device. To mute the MAX9744, drive
MUTE to logic-high. MUTE should be held high during
system power-up and power-down to ensure that pops
caused by circuits before the MAX9744 are eliminated.
To reduce clicks and pops, the device enters or exits
mute at zero crossing.

15
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MAX9744

20W Stereo Class D Speaker Amplifier

with Volume Control

Volume Control
For maximum flexibility, the MAX9744 features volume
control operation using an analog voltage input or
through the 12C interface. To set the device to analog
mode, connect ADDR1 and ADDR2 to GND. In analog
mode, SDA/NVOL is an analog input for volume control.
The analog input range is ratiometric between 0.9 x
Vpp and 0.1 x Vpp where 0.9 x Vpp = full mute and 0.1
x VDD = full volume (Table 7).

Use ADDR1 and ADDR2 to select 12C mode. There are
three addresses that can be chosen, allowing for multi-
ple devices on a single bus (Table 4). In 12C mode, vol-
ume is controlled by choosing the speaker volume
control register in the command byte (Table 5). There
are 64 volume settings, where the lowest setting is full
mute (Table 6). See the Write Byte section for more
information on formatting data and tables to set volume
levels. The default volume after power-up is position 40
(-7.1dB) (see Table 7).

I2C Interface
The MAX9744 features an 12C 2-wire serial interface
consisting of a serial-data line (SDA) and a serial-clock
line (SCL). SDA and SCL facilitate communication
between the MAX9744 and the master at clock rates up

to 400kHz. Figure 3 shows the 2-wire interface timing
diagram. The MAX9744 is a receive-only slave device,
relying on the master to generate the SCL signal. The
MAX9744 cannot write to the SDA bus except to
acknowledge the receipt of data from the master. The
master, typically a microcontroller, generates SCL and
initiates data transfer on the bus.

A master device communicates to the MAX9744 by
transmitting the proper address followed by the data
word. Each transmit sequence is framed by a START (S)
or Repeated START (Sr) condition and a STOP (P) condi-
tion. Each word transmitted over the bus is 8 bits long
and is always followed by an acknowledge clock pulse.

The MAX9744 SDA line operates as both an input and
an open-drain output. A pullup resistor, greater than
5009, is required on the SDA bus. The MAX9744 SCL
line operates as an input only. A pullup resistor, greater
than 5009, is required on SCL if there are multiple mas-
ters on the bus, or if the master in a single-master sys-
tem has an open-drain SCL output. Series resistors in
line with SDA and SCL are optional. The SCL and SDA
inputs have Schmitt trigger and filter circuits that sup-
press noise spikes to assure proper device operation
even on a noisy bus.

R A S

|
L Ntsu DAT !
|

—>“ e, AT

SCL

* tR tF

tsy, STA ‘

\
: J<—> tHD, STA >
! \ ‘ !
|

START REPEATED STOP START
CONDITION START CONDITION ~ CONDITION
CONDITION
Figure 3. 2-Wire Serial-Interface Timing Diagram
16 MAXIMN
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20W Stereo Class D Speaker Amplifier

Bit Transfer
One data bit is transferred during each SCL cycle. The
data on SDA must remain stable during the high period
of the SCL pulse. Changes in SDA while SCL is high
are control signals (see the START and STOP
Conditions section). SDA and SCL idle high when the
I2C bus is not busy.

START and STOP Conditions
A master device initiates communication by issuing a
START condition. A START condition is a high to low
transition on SDA with SCL high. A STOP condition is a
low to high transition on SDA while SCL is high (Figure
4). A START (S) condition from the master signals the
beginning of a transmission to the MAX9744. The mas-
ter terminates transmission, and frees the bus, by issu-
ing a STOP (P) condition. The bus remains active if a
Repeated START (Sr) condition is generated instead of
a STOP condition.

S Sr P
l l l
| | |
| | |
| | |
| | |

e linainle

Figure 4. START, STOP, and Repeated START Conditions

Table 3. Slave Address Block

with Volume Control

Early STOP Conditions
The MAX9744 recognizes a STOP condition at any point
during data transmission except if the STOP condition
occurs in the same high pulse as a START condition.

Slave Address
The slave address of the MAX9744 is 8 bits and con-
sists of 3 fields: the first field is 5 bits wide and is fixed
(10010), the second is a 2 bit field which is set through
ADDR1 and ADDR2 (externally connected as logic-high
or_logic-low), and the third field is a R/W flag bit. Set
R/W = 0 to write to the slave. A representation of the
slave address is shown in Table 3.

When ADDR1 and ADDR2 are connected to GND, seri-
al interface communication is disabled. Table 4 sum-
marizes the slave address of the device as a function of
ADDR1 and ADDR2.

Acknowledge
The acknowledge bit (ACK) is a clocked 9th bit that the
MAX9744 uses to handshake receipt of each byte of
data (see Figure 5). The MAX9744 pulls down SDA dur-
ing the master-generated 9th clock pulse. The SDA line
must remain stable and low during the high period of
the acknowledge clock pulse. Monitoring ACK allows
for detection of unsuccessful data transfers. An unsuc-
cessful data transfer occurs if a receiving device is
busy or if a system fault has occurred. In the event of
an unsuccessful data transfer, the bus master may reat-
tempt communication.

SA7 (MSB) SA6 SA5 SA4 SA3 SA2 SA1 SAO (LSB)
1 0 0 1 0 ADDR2 ADDR1 RW
Table 4. Slave Address L0CK PULSE FOR
ADDR2 ADDR1 SLAVE ADDRESS START ACKNOWLEDGMENT
- CONDITION
0 0 12C disabled wm
0 1 1001001_ St 1 2 8 9
1 0 1001010_ ‘ NOT ACKNOWLEDGE\
1 1 1001011_ - —\
ACKNOWLEDGE/
Figure 5. Acknowledge
MAXI/MN 17
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MAX9744

20W Stereo Class D Speaker Amplifier

with Volume Control

Write Byte
A write to the MAX9744 includes transmission of a
START condition, the slave address with the R/W bit set
to O (see Table 3), one byte of data to the command
register, and a STOP condition. Figure 6 illustrates the
proper format for one frame.

A write to the MAX9744 consists of a 6-step sequence
as seen below:

1) The master sends a START condition.

2) The master sends the 7 bits slave ID plus a write
bit (low).

3) The addressed slave asserts an ACK on the data
line.

4) The master sends 8 data bits.

5) The active slave asserts an ACK (or NACK) on the
data line.

6) The master generates a stop condition.

Speaker Volume Control
The command register is used to control the volume
level of the speaker amplifier. The two MSBs (A1 and
A0) are set to 00, while V5-V0 is the data that is written
into the addresses register to set the volume level
(Tables 5 and 6).

Table 5. Data Byte Format

WRITE BYTE FORMAT
S SLAVE  ADDRESS WR | ACK DATA ACK | P
7BITS 0 8 BITS
SLAVE ADDRESS: DATA BYTE: GIVES A COMMAND.
EQUIVALENT TO CHIP-
SELECTLINEQF A

3-WIRE INTERFACE.

Figure 6. Write Byte Format Example

Filterless Modulation/PWM
The MAX9744 features two output modulation schemes:
filterless modulation or classic PWM, selectable through
the 12C interface. Table 6 shows the register command
to set the output scheme.

When switching between schemes, the output is not
click-and-pop protected. To have click-and-pop protec-
tion when switching between output schemes, the
device must enter shutdown mode and be configured
to the new output scheme before the 220ms startup
sequence is terminated.

D7 (MSB) D6 D5 D4 D3 D2 D1 DO (LSB)
A1 AO ‘ V5 V4 V3 V2 V1 VO
Table 6. Command Register Programming
AoA1 V5-V0 SETTING AoA1 V5-V0 SETTING
00 XXXXXX Volume level (Table 7) 10 XXXXXX Reserved
01 000000 Filterless modulation 11 000100 Increased volume
01 000001 Classic PWM 11 000101 Decreased volume

18
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20W Stereo Class D Speaker Amplifier
with Volume Control

Table 7. Speaker Volume Levels

VOLUME SDA/VOL VOLUME
V5 \Z! V3 V2 Vi Vo
POSITION | VOLUME INPUT VOLTAGE (V) ATTENUATION (dB)
1 1 1 1 1 1 63 0.100 x Vpp 9.5
1 1 1 1 1 0 62 0.113x VpD 8.8
1 1 1 1 0 1 61 0.125 x VpD 8.2
1 1 1 1 0 0 60 0.138 x VpD 7.6
1 1 1 0 1 1 59 0.151x Vpp 7.0
1 1 1 0 1 0 58 0.163 x VpD 6.5
1 1 1 0 0 1 57 0.176 x VpD 59
1 1 1 0 0 0 56 0.189 x Vpp 5.4
1 1 0 1 1 1 55 0.202 x VpD 49
1 1 0 1 1 0 54 0.214 x VpD 4.4
1 1 0 1 0 1 53 0.227 x VpD 3.9
1 1 0 1 0 0 52 0.240 x VpD 3.4
1 1 0 0 1 1 51 0.252 x VpD 29
1 1 0 0 1 0 50 0.265 x Vpp 24
1 1 0 0 0 1 49 0.278 x VpD 20
1 1 0 0 0 0 48 0.290 x Vpp 1.6
1 0 1 1 1 1 47 0.303 x VpD 1.2
1 0 1 1 1 0 46 0.316 x VpD 0.5
1 0 1 1 0 1 45 0.329 x Vpp -0.5
1 0 1 1 0 0 44 0.341x Vpp -1.9
1 0 1 0 1 1 43 0.354 x Vpp -3.4
1 0 1 0 1 0 42 0.367 x VpD 5.0
1 0 1 0 0 1 41 0.379 x VpD -6.0
1 0 1 0 0 0 40 0.392 x Vpp 7.1
1 0 0 1 1 1 39 0.405 x Vpp -8.9
1 0 0 1 1 0 38 0.417 x VpD 9.9
1 0 0 1 0 1 37 0.430 x VpD -10.9
1 0 0 1 0 0 36 0.443 x Vpp -12.0
1 0 0 0 1 1 35 0.456 x VpD -13.1
1 0 0 0 1 0 34 0.468 x VpD -14.4
1 0 0 0 0 1 33 0.481x Vpp -15.4
1 0 0 0 0 0 32 0.494 x Vpp -16.4
M AXI WV 19
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20W Stereo Class D Speaker Amplifier
with Volume Control

Table 7. Speaker Volume Levels (continued)

MAX9744

VOLUME SDA/VOL VOLUME
V5 v4 V3 V2 \"Al Vo
POSITION VOLUME INPUT VOLTAGE (V) ATTENUATION (dB)
0 1 1 1 1 1 31 0.506 x VpD -17.5
0 1 1 1 1 0 30 0.519 x VpD -19.7
0 1 1 1 0 1 29 0.532 x Vpp -21.6
0 1 1 1 0 0 28 0.544 x Vpp -23.5
0 1 1 0 1 1 27 0.557 x Vpp -25.2
0 1 1 0 1 0 26 0.570 x Vpp -27.2
0 1 1 0 0 1 25 0.583 x VbD -29.8
0 1 1 0 0 0 24 0.595 x Vpp -31.5
0 1 0 1 1 1 23 0.608 x VpD -33.4
0 1 0 1 1 0 22 0.621 x Vpp -36.0
0 1 0 1 0 1 21 0.633 x VpD -37.6
0 1 0 1 0 0 20 0.646 x VpD -39.6
0 1 0 0 1 1 19 0.659 x Vpp -42.1
0 1 0 0 1 0 18 0.671 x VpD -43.7
0 1 0 0 0 1 17 0.684 x Vpp -45.6
0 1 0 0 0 0 16 0.697 x VbD -48.1
0 0 1 1 1 1 15 0.710 x Vpp -50.6
0 0 1 1 1 0 14 0.722 x VpD -54.2
0 0 1 1 0 1 13 0.735 x VpD -56.7
0 0 1 1 0 0 12 0.748 x Vpp -60.2
0 0 1 0 1 1 11 0.760 x Vpp -62.7
0 0 1 0 1 0 10 0.773 x VbD -66.2
0 0 1 0 0 1 9 0.786 x VbD -68.7
0 0 1 0 0 0 8 0.798 x VpbD -72.2
0 0 0 1 1 1 7 0.811 x Vpp -74.7
0 0 0 1 1 0 6 0.824 x VpDp -78.3
0 0 0 1 0 1 5 0.837 x VbD -80.8
0 0 0 1 0 0 4 0.849 x Vpp -84.3
0 0 0 0 1 1 3 0.862 x VpD -86.8
0 0 0 0 1 0 2 0.875 x VbD -90.3
0 0 0 0 0 1 1 0.887 x VbD -92.8
0 0 0 0 0 0 0 0.900 x Vpp MUTE
20 AKXV
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20W Stereo Class D Speaker Amplifier

Applications Information

Filterless Class D Operation
The MAX9744 meets common EMC radiation limits with-
out a filter when the speaker leads are less than approxi-
mately 10cm. Using lengths beyond 10cm is possible
verifying against the appropriate EMC standard.

For longer speaker wire lengths, up to approximately
1m, use a simple ferrite bead and capacitor filter to
meet EMC limits. Select a ferrite bead with 100Q to
600Q impedance, and rated for at least 3A. The capaci-
tor value varies based on the ferrite bead chosen and
the actual speaker lead length. Select the capacitor
value based on EMC performance. See Figure 7 for the
correct connections of these components.

When evaluating the device without a filter or a ferrite
bead filter, include a series inductor (68uH for 8Q load
and 33pH for 4Q load) to model the actual loudspeak-
er’'s behavior. Omitting this inductor reduces the effi-
ciency, the THD+N performance, and the output power
of the MAX9744.

with Volume Control

Inductor-Based Output Filters
Some applications use the MAX9744 with a full induc-
tor/capacitor-based (LC) output filter. This is common
for longer speaker lead lengths and to gain increased
margin to EMC limits. Select the PWM output mode and
use fixed-frequency modulation mode for best audio
performance. See Figure 8 for the correct connections
of these components.

The component selection is based on the load imped-
ance of the speaker. Table 8 lists suggested values for
a variety of load impedances.

Inductors L1 and L2 and capacitor C1 form the primary
output filter. In addition to these primary filter compo-
nents, other components in the filter improve its func-
tionality. Capacitors C4 and C5 plus resistors R1 and
R2 form a Zobel at the output. A Zobel corrects the out-
put loading to compensate for the rising impedance of
the loudspeaker. Without a Zobel, the filter has a peak
in its response near the cutoff frequency. Capacitors
C2 and C8 provide common-mode noise suppression
to reduce radiated emissions.

Table 8. Suggested Values for LC filter

Cm——
BOOT_+ L1, L2 C2,C3 R1,R2 | C4,C5
RL (Q ’ C1 (pF ’ ’ ’
Cavor @1 ) W1 wn | @ | wp
MAXIM ‘ 4 10 0.47 0.47 10 0.47
MAX9744
15 0.33 0.22 15 0.33
8 22 0.22 0.22 22 0.22
f—
Figure 7. Ferrite Bead Filter
S
4
maxam o,
MAX9744
R
L2
14,18 %
Cpoot 3 c5
o {; %
15
S
Figure 8. Output Filter for PWM Mode
MAXIV 21
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MAX9744

20W Stereo Class D Speaker Amplifier

with Volume Control

Component Selection

Gain-Setting Resistors
External feedback resistors set the gain of the
MAX9744. The output stage has an internal 20dB gain
in addition to the externally set input stage gain. Set the
maximum gain by using resistors RF and R|N (Figure 9)
as follows:

Ay =30[RF]V/V
Rin

Choose RF between 10kQ and 50kQ. Note that the
actual gain of the amplifier is dependent on the volume
level setting. For example, with the volume set to
+9.5dB, the amplifier gain would be 9.5dB plus 20dB,
assuming RIN = RF.

The input amplifier can be configured into a variety of
circuits. The FB terminal is an actual operational ampli-
fier output, allowing the MAX9744 to be configured as a
summing amplifier, a filter, or an equalizer, for example.

Input Capacitor
An input capacitor (C|N) in conjunction with the input
impedance of the MAX9744 form a highpass filter that
removes the DC bias from an incoming signal. The AC-
coupling capacitor allows the amplifier to automatically
bias the signal to an optimum DC level. Assuming zero
source impedance, the -3dB point of the highpass filter
is given by:

Choose C|N that f-3gB is well below the lowest frequen-
cy of interest. Use capacitors whose dielectrics have
low-voltage coefficients, such as tantalum or aluminum
electrolytic. Capacitors with high-voltage coefficients,
such as ceramics, may result in increased distortion at
low frequencies.

DC-Coupled Input
The input amplifier can accept DC-coupled inputs that
are biased to the amplifier's bias voltage. DC-coupling
eliminates input-coupling capacitors, reducing compo-
nent count to potentially one external component. In this
configuration the highpass filtering effect of the capacitors
is lost, allowing low-frequency signals to be amplified.

Power Supplies
The MAXQ744 features separate supplies for each por-
tion of the device, allowing for the optimum combination
of headroom power dissipation and noise immunity. The
speaker amplifier is powered from PVDD and can range
from 4.5V to 14V. The remainder of the device is pow-
ered by Vpp. Power supplies are independent of each
other so sequencing is not necessary. Power may be
supplied by separate sources or derived from a single
higher source using a linear regulator (Figure 10).

BIAS Capacitor
BIAS is the output of the internally generated DC bias
voltage. The BIAS bypass capacitor, CB|AS, improves
PSRR and THD+N by reducing power supply and other
noise sources at the common-mode bias node, and
also generates the clickless/popless, startup/shutdown,
DC bias waveforms for the speaker amplifiers. Bypass

-3dB = ) :
2rRINCIN BIAS with a 2.2pF capacitor to GND.
45V 70145V
maxam 1_
MAX9744
m i IN PVbp i
AUDIO ¢y R 1uF 1uk
INPUT N IN SHDN out
_| OUT+ ; MAXIMM |33V Vpp ;
VOLUME S MAX1615 MAXIM
Re CONTROL 28 MAX9744
FB| [9.508 (max)| |2~ JOUT-
Tow
BOOT- -
I
Figure 9. Setting Gain Figure 10. Using a Linear Regulator to Produce 3.3V from a
Higher Power Supply
22 MAXIMN
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20W Stereo Class D Speaker Amplifier

Supply Bypassing, Layout,
and Grounding
Proper layout and grounding are essential for optimum
performance. Use large traces for the power-supply
inputs and amplifier outputs to minimize losses due to
parasitic trace resistance. Large traces also aid in mov-
ing heat away from the package. Proper grounding
improves audio performance, minimizes crosstalk
between channels, and prevents any switching noise
from coupling into the audio signal. Connect PGND and
GND together at a single point on the PCB. Route all
traces that carry switching transients away from GND
and the traces/components in the audio signal path.

with Volume Control

Use large, low-resistance output traces. Current drawn
from the outputs increase as load impedance decreas-
es. High output trace resistance decreases the power
delivered to the load. Large output, supply, and GND
traces allow more heat to move from the MAX9744 to
the air, decreasing the thermal impedance of the circuit.

The MAX9744 thin QFN package features an exposed
thermal pad on its underside. This pad lowers the pack-
age’s thermal resistance by providing a direct heat con-
duction path from the die to the PCB. Connect the
exposed thermal pad to PGND by using a large pad and
multiple vias to the PGND plane. The exposed pad must
be connected to PGND for proper device operation.

vPL6XVIN

Connect all PVDD power supplies together and bypass
with a 1pF capacitor to PGND. Connect all Vpp power
supplies together and bypass with a 1uF capacitor to
GND. Place a bulk capacitor between PVYDD and PGND

if needed.
Pin Configuration
TOP VIEW 5
N
S 559292 8z 29
m O O &a @ > & »mh »nh = =
133113211311:301 129} 128} 127 126 1251 1241 123!
PGND [ 34 122| SHDN
PGND |35} ! 221] oo
OUTR- |36 120 BiAS
ouTR- [371 [19] R
BOOTR- |38} | 18] rer
I /AKX e -
FEND 139 MAX9744 3
BOOTL- [40¢ 30 L
oot [4i: 35| oo
ot [427 14| AbpR2
PaND [437 113] AbDR1
poND [ 112] aNp
1111210300401516007 0181191 10! 11!
E552 2822 55
S © o &~ & < %
[a=) QX
«» O
w
TQFN
(7mm x 7mm)
MAXIV 23
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MAX9744

20W Stereo Class D Speaker Amplifier
with Volume Control

Functional Diagrams/Typical Application Circuits

12C MODE
3VT03.6V 45VT0 14V
) o
_ 1 1
1uF Voo PVDD 1uF 100uF
— 6,10, 21,28 45,29, 30 {I; {I;
e MAXIM g -
20kQ MAX9744 ~ CrooT
On iy FELY 23] ouTL 01uF
04TWF 20k l—/M e o , + 3O
° 2 41,4 | ouTL-
= T ¢
A w0|Bo0TL ==t
S { > BIAS VOLUME
0.47uF  20kQ . CONTROL PVoD
¢ 33 | BOOTR+
L/M FBR| 18 [ _1_ Cgoor
Re o 31,32 | OUTR+ _',L_O-WF
k2 MUTE | 24 2 36,37 | oUTR-
— MUTE = I A
SHON | 22 BOOT
J—— SHUTDOWN T SIE00TR 3 gy
= spavoL | 8
- CONTROL
H scLk |9
ADDR1 [ 13 2c
ANALOG
ADDR2 [ 14
Vpp CONTROL
e | 2 5 SYNCOUT
Voo SYNC {25 OSCILLATOR { 6 >
20 | BiAS
NC. |, BIAS —
Caias
711,12, 2 2uF
15,27 34,35, 39, 43, 44 1

I

PGND

(SHOWN IN 12C MODE, Ay = 29.50B, f-348 = 17Hz, SPREAD-SPECTRUM MODE, MUTE OFF, SLAVE ADDRESS = 1001011_)
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20W Stereo Class D Speaker Amplifier
with Volume Control

Functional Diagrams/Typical Application Circuits (continued)

ANALOG MODE
3VT03.6V 45V 7014V
————
1uF i1 F J_100}1F
u T Vb PVDD H
— 6,10,21,28 4,5,29,30 Q; Q;
Re MAXIM g 11sooms
20kQ MAX9744 AN CgooT
Ciy FBL] 17 2,3 ouTL
04TWF 20k l—/M T o 3lous —= 0l
2 41,42 | ouTL-
© T
0|80 Tt
o { > BIAS VOLUME
CONTROL
0.47uF PV,
uF o 20kQ b )
33| BoOTR+
L/M FBR| 18 [ _1_ Cgoor
A o 31,32 | OUTR+ —— 0.1uF
F 2 L
206 MUTE| 24 e 2 36,37 | OUTR-
— o T
SHDN | 22 Coor
Vi) <—e SHUTDOWN 38 | BOOTR- —— g1uF
- P SDANOL | 8 CONTROL ~ L) s
h scLkPwi |9 °c
QUTPUT
l ADDR1 | 13 MODULATION
ADDR2 | 14 ANALOG
T CONTROL
= syne | 25 % SYNCOUT
Voo OSCILLATOR { >
20| BIAS
NG| BIAS —_
Caias
7,11,12, 2.2uF
15,07 34,35, 39, 43, 44 I
JjND PGND =
(SHOWN IN ANALOG MODE, Ay = 29.50B, f 348 = 17Hz, SPREAD-SPECTRUM MODE, MUTE OFF, SLAVE ADDRESS = 1001011_)
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20W Stereo Class D Speaker Amplifier
with Volume Control

Package Information

For the latest package outline information and land patterns, go to www.maxim-ic.com/packages.

MAX9744
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20W Stereo Class D Speaker Amplifier
with Volume Control

Package Information (continued)

For the latest package outline information and land patterns, go to www.maxim-ic.com/packages.

COMMON DIMENSIONS EXPOSED PAD VARIATIONS
CUSTOM PKG. D2 B2 JEDEC
(r4877-1) ggg‘fs DE'-E”PPSUM MIN. | NOM. [ MAX. | MIN. [ NOM. | MAX. %8?.2%
PKG 32L T ML 48L 77 48L T 6L 757 TR e55 470 485 (255 | 470 4es | -
svmgoL | MiN. T now. T wax. | vin. Tnom. Taeax. | wnv. Tvom. Twax. | wan. Trom. Twax. | wn. TnowJwax | a7z |- 455 470 | 4.85 | 455 | 470] 4.85| -
A_ | 070f 075] 0.80 | 0.70 | 0.75 | 0.80 070 [0.75 | 0.80 | 0.70 |0.75 (080 | [ra477-2 |- 4.55] 4.70 | 4.85 | 4.55 [ 4.70] 4.85 w1
Al 0 |002]005| 0 [002(0.05 0 [002]005| 0 | — [oo05| |T4477-3 - 4.55]14.70 1 4.85] 4.55 | 4.70) 4.85 |WKKD-1
2 020 REF. 020 REF. 020 REF. 020 REF. TASTI—1%  |13,24,37,48 | 4.20| 4.30 | 4.40 | 420| 4.30[ 440 | -
b_|025[030]0.35 0.30 020 |0.25 |0.30 [0.15 |0.20 025 | |T4877-3 |- 4985]5.10{5251485]5.10{525| -
b [60]700]| 210] [7.10] [7.10 | 690 [7.00 | 7.10 | 690 | 700 [210] |87 |- 540|550 [5.60 [ 5.40] 550560 -
E_le90]700]7.10] 7.10 6.90 [7.00 | 7.10 | 6.90 |7.00 | 7.10 | |T4B77=5 |- 240{250260240| 2501260 -
e 0.85 BSC. 0.50 BSC. 0.50 BSC. 0.40 BSC. T4877-8 — 540155015.60540] 550|560| -
« Tzl -1 - Tem] -1 - sl — 1 —loms| - | | e[~ 495]5.10 | 5.25 [ 495[ 5.10[ 525 -
T4TIN1 |- 540|550 |5.80 | 5.40| 550[5.60 | -
L |o45[055] 0.85] 045 ] 0.55 | 0.65 045 | 055 [0.65 | 0.30 [odo | 050 | Fomi——1— <0 5501500 a0 sso e =
N 32 44 48 # 56 TABTINN-8 |- 540550560 | 540 550]560 | -
ND 8 1 12 10 14 T4BTIN-B |- 540|550 |5.80 | 5.40| 5.50(5.60 | -
NE 8 n 12 12 L 56771 - 540(550]5.60]540] 5.50[5.60] -
6172 |- 540|550 | 5.60 | 5.40| 5.50[5.60 | -
e " T 7L TR T ¢ 5 o
1. DIMENSIONING & TOLERANCING CONFORM TO ASME Y14.5M—1994. -

TE:!

2. ALL DIMENSIONS ARE IN MILLIMETERS. ANGLES ARE IN DEGREES.
3. N IS THE TOTAL NUMBER OF TERMINALS.
6.
7.
9.

SPP—012. DETAILS OF TERMINAL #1 IDENTIFIER ARE OPTIONAL, BUT MUST BE LOCATED WITHIN
THE ZONE INDICATED. THE TERMINAL #1 IDENTIFIER MAY BE EITHER A MOLD OR MARKED FEATURE.

DIMENSION b APPLIES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN

0.25 mm AND 0.30 mm FROM TERMINAL TIP.

ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E SIDE RESPECTIVELY.
DEPOPULATION IS POSSIBLE IN A SYMMETRICAL FASHION.

COPLANARITY APPLIES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERMINALS.

DRAWING CONFORMS TO JEDEC M0220 EXCEPT THE EXPOSED PAD DIMENSIONS OF
T4877-1/-3/-4/-5/-6 & T5677-1.

ﬁ WARPAGE SHALL NOT EXCEED 0.10 mm. /VI /JXI /VI
TE

A THE TERMINAL #1 IDENTIFIER AND TERMINAL NUMBERING CONVENTION SHALL CONFORM TO JESD 95-1

MARKING IS FOR PACKAGE ORIENTATION REFERENCE ONLY.
12. NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY.
13. ALL DIMENSIONS APPLY TO BOTH LEADED (—) AND PbFREE (+) PKG. CODES.

PACKAGE OUTLINE,
32, 44, 48, 56L THIN QFN, 7x7x0.8mm

[APPROVAL [DOCUMENT CONTROL NO. REV. | o |
—DRAWING NOT TO SCALE— 21-0144 G >
Chip Information PACKAGE TYPE | PACKAGE CODE | DOCUMENT NO.
PROCESS: BICMOS 44 TQFN-EP T4477-3 21-0144
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20W Stereo Class D Speaker Amplifier
with Volume Control

Revision History

REVISION | REVISION PAGES
NUMBER | DATE DESCRIPTION CHANGED
0 3/08 Initial release —

1 9/08 Updated EC table for single pass flow 2,4,5

MAX9744

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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