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2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VDD = PVDD = CPVDD = 3.3V, GND = PGND = CPGND = 0V, SHDN = 3.3V, C1 = C2 = 1μF, CBIAS = 0.047μF, SYNC = GND, RL = ∞,
speaker load connected between OUT+ and OUT-, headphone load connected between HPOUT_ and GND, TA = TMIN to TMAX,
unless otherwise noted. Typical values are at TA = +25°C.) (Notes 1, 2)

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.

GND to PGND to CPGND......................................-0.3V to +0.3V
VDD to PVDD to CPVDD..........................................-0.3V to +0.3V
VDD to GND ...........................................................................+6V
PVDD to PGND.......................................................................+6V
CPVDD to CPGND..................................................................+6V
CPVSS to CPGND....................................................................-6V
SVSS to GND...........................................................................-6V
C1N..........................................(PVSS - 0.3V) to (CPGND + 0.3V)
HPOUT_ to GND ....................................................................±3V
All Other Pins to GND.................................-0.3V to (VDD + 0.3V)
Continuous Current Into/Out of:

PVDD, PGND, OUT_......................................................600mA
PVSS ..............................................................................260mA

Duration of HPOUT_ Short Circuit to VDD, PVDD, 
GND, PGND ...........................................................Continuous

Duration of Short Circuit Between 
HPOUTL and HPOUTR ..........................................Continuous

Duration of OUT_ Short Circuit to VDD, PVDD, GND, PGND ..10s
Duration of Short Circuit Between OUT+ and OUT-...............10s
Continuous Power Dissipation (TA = +70°C)

28-Pin TQFN (derate 20.8mW/°C above +70°C) .......1667mW
28-Pin TSSOP (derate 12.8mW°C above +70°C) ......1026mW

Junction Temperature ......................................................+150°C
Operating Temperature Range ...........................-40°C to +85°C
Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

GENERAL

Supply Voltage Range VDD Inferred from PSRR test 2.5 5.5 V

Headphone mode 5.5 10
Quiescent Supply Current IDD No load

Speaker mode 5.2 7.5
mA

Shutdown Supply Current ISHDN SHDN = HPS = GND 0.1 10 μA

Shutdown to Full Operation tON 50 ms

MONO 7 10
Input Impedance RIN (Note 3)

INL_, INR_ 14 20
kΩ

Bias Voltage VBIAS 1.1 1.25 1.4 V

Feedthrough
From any unselected input to any output,
f = 10kHz

70 dB

SPEAKER AMPLIFIER (GAIN1 = GAIN2 = VDD, HPS = GND)

Output Offset Voltage VOS ±15 ±70 mV

VDD = 2.5V to 5.5V,
TA = +25°C

50 70

VRIPPLE = 200mVP-P, f = 217Hz 70

VRIPPLE = 200mVP-P, f = 1kHz 68

Power-Supply Rejection Ratio PSRR (Note 4)

VRIPPLE = 200mVP-P, f = 20kHz 50

dB

RL = 8Ω 550
VDD = 3.3V

RL = 4Ω 900Output Power POUT

f = 1kHz,
THD+N = 1%,
GAIN1 = 1,
GAIN2 = 0 VDD = 5V RL = 8Ω 1200

mW
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = PVDD = CPVDD = 3.3V, GND = PGND = CPGND = 0V, SHDN = 3.3V, C1 = C2 = 1μF, CBIAS = 0.047μF, SYNC = GND, RL = ∞,
speaker load connected between OUT+ and OUT-, headphone load connected between HPOUT_ and GND, TA = TMIN to TMAX,
unless otherwise noted. Typical values are at TA = +25°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

RL = 8Ω, POUT = 300mW, f = 1kHz 0.025

RL = 4Ω, POUT = 300mW, f = 1kHz 0.03Total Harmonic Distortion Plus
Noise

THD+N
RL = 8Ω, POUT = 500mW,
f = 1kHz

0.1

%

Signal-to-Noise Ratio SNR RL = 8Ω, VOUT = 2VRMS, A-weighted 85.9 dB

SYNC = GND 980 1100 1220

SYNC = unconnected 1280 1450 1620
Output Switching Frequency fS

SYNC = VDD
1220

±120kHz

kHz

SYNC Frequency Lock Range 800 2000 kHz

Efficiency η PO = 1000mW, f = 1kHz 85 %

GAIN1 = 0, GAIN2 = 0 6

GAIN1 = 0, GAIN2 = 1 3

GAIN1 = 1, GAIN2 = 0 9
Gain (MAX9770) AV

GAIN1 = 1, GAIN2 = 1 0

dB

Gain Accuracy ±5 %

Speaker Path Off-Isolation
HPS = VDD, headphone amplifier active,
f = 1kHz

102 dB

Into shutdown -76
Out of shutdown -55
Into mute -83

Click-and-Pop Level KCP

Peak voltage,
A-weighted, 32
samples per second
(Notes 4, 5) Out of mute -69

dB

HEADPHONE AMPLIFIER (GAIN1 = 1, GAIN2 = 0, HPS = VDD)

Output Offset Voltage VOS ±5 ±10 mV

VDD = 2.5V to 5.5V, TA = +25°C 65 76

VRIPPLE = 200mVP-P, f = 217Hz 75

VRIPPLE = 200mVP-P, f = 1kHz 82
Power-Supply Rejection Ratio PSRR (Note 4)

VRIPPLE = 200mVP-P, f = 20kHz 56

dB

RL = 32Ω 40 55
VDD = 3.3V

RL = 16Ω 40

RL = 32Ω 60
Output Power POUT

TA = +25°C,
f = 1kHz,
THD+N = 1%
(Note 3) VDD = 5V

RL = 16Ω 80

mW

RL = 32Ω, POUT = 50mW, f = 1kHz 0.015Total Harmonic Distortion Plus
Noise

THD+N
RL = 16Ω, POUT = 35mW, f = 1kHz 0.03

%
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = PVDD = CPVDD = 3.3V, GND = PGND = CPGND = 0V, SHDN = 3.3V, C1 = C2 = 1μF, CBIAS = 0.047μF, SYNC = GND, RL = ∞,
speaker load connected between OUT+ and OUT-, headphone load connected between HPOUT_ and GND, TA = TMIN to TMAX,
unless otherwise noted. Typical values are at TA = +25°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Signal-to-Noise Ratio SNR
RL = 32Ω, VOUT = 300mVRMS,
BW = 22Hz to 22kHz

101 dB

Crosstalk
Between channels, f = 1kHz,
VIN = 200mVP-P

80 dB

Headphone Off-Isolation
HPS = GND, speaker amplifier active,
f = 1kHz

96 dB

Into shutdown -58
Out of shutdown -53
Into mute -92

Click-and-Pop Level KCP

Peak voltage, A-
weighted, 32
samples per second
(Notes 4, 5) Out of mute -73

dBV

Capacitive-Load Drive CL 1000 pF

GAIN1 = 0, GAIN2 = 0 7

GAIN1 = 0, GAIN2 = 1 4

GAIN1 = 1, GAIN2 = 0 -2
Gain AV

GAIN1 = 1, GAIN2 = 1 1

dB

Gain Accuracy ±2.5 %

ESD Protection HPOUTR, HPOUTL, IEC Air Discharge ±8 kV

DIGITAL INPUTS (SHDN, SYNC, HPS, GAIN_, SEL_)

Input Voltage High VIH 2 V

Input Voltage Low VIL 0.8 V

SYNC input ±25
Input Leakage Current (Note 6)

All other logic inputs ±1
μA

HPS Input Current HPS = GND -10 μA

Note 1: All devices are 100% production tested at +25°C. All temperature limits are guaranteed by design.
Note 2: Speaker amplifier testing performed with a resistive load in series with an inductor to simulate an actual speaker load. For

RL = 4Ω, L = 47μH. For RL = 8Ω, L = 68μH.
Note 3: Guaranteed by design, not production tested.
Note 4: Inputs AC-coupled to GND.
Note 5: Speaker mode testing performed with an 8Ω resistive load in series with a 68μH inductive load connected across BTL output.

Headphone mode testing performed with a 32Ω resistive load connected to GND. Mode transitions are controlled by SHDN. KCP
level is calculated as: 20 x log [(peak voltage during mode transition, no input signal)/(peak voltage under normal operation at
rated power level)]. Units are expressed in dB. Measured with VDD = 5V.

Note 6: SYNC has a 200kΩ resistor to VREF = 1.25V.
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_________________________________________________________________
(VDD = 3.3V, BW = 22Hz to 22kHz, GAIN1 = 1, GAIN2 = 0, spread-spectrum mode, headphone outputs in phase, unless otherwise
noted.)
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______________________________________________________________ ( )
(VDD = 3.3V, BW = 22Hz to 22kHz, GAIN1 = 1, GAIN2 = 0, spread-spectrum mode, headphone outputs in phase, unless otherwise
noted.)
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______________________________________________________________ ( )
(VDD = 3.3V, BW = 22Hz to 22kHz, GAIN1 = 1, GAIN2 = 0, spread-spectrum mode, headphone outputs in phase, unless otherwise
noted.)
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______________________________________________________________ ( )
(VDD = 3.3V, BW = 22Hz to 22kHz, GAIN1 = 1, GAIN2 = 0, spread-spectrum mode, headphone outputs in phase, unless otherwise
noted.)
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(VDD = 3.3V, BW = 22Hz to 22kHz, GAIN1 = 1, GAIN2 = 0, spread-spectrum mode, headphone outputs in phase, unless otherwise
noted.)
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TQFN-EP TSSOP

1 4 BIAS

2 5 VDD

3 6 HPOUTR

4 7 HPOUTL

5 8 SVSS

6 9 HPS

7 10 CPVDD

8 11 CPVSS

9 12 C1N

10 13 C1P

11 14 CPGND

12 15 SEL1

13 16 SEL2

14 17 SELM

15 18 SHDN

16 19 SYNC

17 20 PGND

18 21 OUT+

19 22 OUT-

20 23 PVDD

21 24 GAIN2

22 25 GAIN1

23 26 MONO

24 27 IN2L

25 28 IN1L

26 1 GND

27 2 IN2R

28 3 IN1R

— — EP

SVSS

1 SEL1 IN1L IN1R

2 SEL2 IN2L IN2R

SELM MONO

SHDN SHDN VDD

SYNC = GND : fS = 1100kHz PWM
SYNC = : fS = 1450kHz PWM
SYNC = VDD : fS = 1220kHz ±120kHz PWM
SYNC = : fS = PWM

2
1

2
1

2
1

GND

0.047μF GND
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OUT+

OUT-

VIN-

VIN+

VOUT+  - VOUT-

tON(MIN)

tSW

1. MAX9770

____________________________
MAX9770 1.2W D

80mW DirectDrive
/

MAX9770 85dB PSRR 0.015% THD

D

MAX9770 D EMI
D AB

MAX9770

tON(MIN) ( 1)
( )

tON(MIN)
(VOUT+ - VOUT-)

1. 

SYNC INPUT MODE

GND FFPWM with fS = 1100kHz

Unconnected FFPWM with fS = 1450kHz

VDD SSPWM with fS = 1220kHz ±120kHz

Clocked FFPWM with fS = external clock frequency



D 1/2
SYNC 1/2 fSYNC
SYNC = VDD

(FFM)

MAX9770 FFM FFM SYNC
SYNC = GND 1.1MHz SYNC =

1.45MHz FFM D
(

Wideband Output Spectrum (Speaker Mode) )
MAX9770

+32%

(SSM)

MAX9770

EMI 5dB
( ) SYNC =VDD

SSM SSM
(1.22MHz) ±120kHz

( 2)

MHz
EMI ( 3)

SYNC MAX9770 (
)

SYNC 800kHz 2MHz
D SYNC

MAX9770 SSM
D

/

MAX9770 Maxim
D LC

D 50%

4 M A X 9 7 7 0

0

D D

D
MOSFET

I*R

78%
(

) 30%
MAX9770 > 80% ( 5)

DirectDrive

( )
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Maxim DirectDrive
MAX9770 GND

MAX9770
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Output Power vs. Charge-Pump
Capacitance and Load Resistance

MAX9770 5mV 32Ω
160μA
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2)
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MAX9770 D
1/2 SYNC

1 / 2 f S Y N C
SYNC = VDD

101dB SNR

di/dt C2
( )

/

MAX9770 /
/ SEL_

( 2)

6dB

6dB
3 9.5dB 2

(HPS)

(HPS) HPS
0.8V

2V

HPS 3
6

HPS 0.8V
800kΩ HPS

VDD HPS M A X 9 7 7 0
HPS 10kΩ HPS

±8kV ESD

BIAS

MAX9770 GND
BIAS

BIAS
BIAS

BIAS

MAX9770 GAIN1
GAIN2 M A X 9 7 7 0

3

2. MAX9770 /

HEADPHONE MODE
SEL1 SEL2 SELM

HPOUTL HPOUTR
SPEAKER MODE

0 0 0 MUTE MUTE MUTE

1 0 0 IN1L IN1R (IN1L + IN1R) / 2

0 1 0 IN2L IN2R (IN2L + IN2R) / 2

0 0 1 MONO MONO MONO

1 1 0 (IN1L + IN2L) / 2 (IN1R + IN2R) / 2 (IN1L + IN1R + IN2L + IN2R) / 4

1 0 1 (IN1L + MONO) /2 (IN1R + MONO) / 2 (IN1L + IN1R + MONO x 2) / 4

0 1 1 (IN2L + MONO) / 2 (IN2R + MONO) / 2 (IN2L + IN2R + MONO x 2) / 4

1 1 1 ( IN 1L +  IN 2L +  M ON O)  / 3 ( IN 1R +  IN 2R +  M ON O)  / 3 ( IN1L + IN 1R +  IN 2L +  IN 2R +  M ON O x 2)  / 6
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MAX9770
HPS

HPS GAIN2
GAIN1 VDD

9dB 1dB 4
HPS

MAX9770 0.1μA
SHDN

GND 10kΩ
SHDN VDD

MAX9770
H

H
/ 30ms

/

GND
M A X 9 7 7 0

MAX9770
Exiting Shutdown

(Headphone Mode) Entering Shutdown (Headphone Mode)

M A X 9 7 7 0

MAX9770 RF

50ms

____________________________

D

PWM
(2 x VDD -

MAX9770

3. 

4. HPS

GAIN1 GAIN2

MAX9770

SPEAKER GAIN

(dB)

HEADPHONE

GAIN

(dB)

0 0 6 7

0 1 3 4

1 0 9 -2

1 1 0 1

G A I N 1 G A I N 2 

MAX9770 SPEAKER

MODE GAIN

(HPS = 0)

(dB)

HEADPHONE MODE

GAIN

(HPS = 1)

(dB)

HPS 0 6 -2

HPS 1 3 1

0 HPS 6 4

1 HPS 9 1

HPS HPS 6 1

0 0 6 7

0 1 3 4

1 0 9 -2

1 1 0 1
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MAX9770

10μH 8Ω
20μH 100μH

AB D
D

AB 15mV
8Ω 1.9mA

D 15mV 8Ω
28μW D

28μW/(VDD / 100 x η)

MAX9770

PVDD PVDD 2.5V 5.5V
VDD SVSS VDD

2.5V 5.5V SVSS
SVSS CPVSS CPVDD

CPVDD 2.5V 5.5V VDD
CPVDD

CPVSS VDD

(CIN) (RIN)
( )

0 -3dB

RIN Electrical Characteristics
MONO

CIN f-3dB
f-3dB

f-3dB

MAX9770
100mm

FCC B

EMI

LC

BIAS

BIAS BIAS
CBIAS

PSRR THD+N
/ 0.047μF BIAS
GND

f
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− =3

1
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ESR 100mΩ
ESR

ESR
X7R 5

(C1)

(C1)
C1

C1

1μF C1 C2 ESR

(C2)

ESR CPVSS
C2 C2 ESR

Output Power
vs. Charge-Pump Capacitance and Load Resistance

CPVDD

CPVDD (C3)
MAX9770 C1 C3

CPVDD CPVDD PGND (
MAX9770 )

CPGND
PGND GND PCB CPGND

GND PGND

(C2 C3) CPGND
SVSS CPVSS

(C1 C2 C3) 1μF
VDD PVDD GND

GND

MAX9770 QFN

MAX9770 D
GND

MAX9770

5. 
SUPPLIER PHONE FAX WEBSITE

Taiyo Yuden 800-348-2496 847-925-0899 www.t-yuden.com

TDK 807-803-6100 847-390-4405 www.component.tdk.com

http://www.t-yuden.com
http://www.component.tdk.com
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HPS

IN1L

GAIN2HPS

VDD

VDD

GND

GND

VDD

GAIN1

SELM

SEL1

VDD
CPVDD

C1P

C1N

CPVSS SVSS GND

OSC/2C1
1μF

CIN
0.47μF

C2
1μF

1μF

CPGND

SYNC

25
(28)

21
(24)

22
(25)

14
(17)

12
(15)
13
(16)

10
(13)

7
(10)

9
(12)

11
(14)

8
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5
(8)

26
(1)

16
(19) 20

(23)

18
(21)

2
(5)

19
(22)

6
(9)

4
(7)

3
(6)

HPOUTL

HPOUTR

1μF

0.1μF

2.5V TO 5.5V

MIXER/
MUX/GAIN
CONTROL

LEFT-CHANNEL
AUDIO INPUT 1

IN1R

CIN
0.47μF 28

(3)RIGHT-CHANNEL
AUDIO INPUT 1

MONO

CIN
1μF 23

(26)MONO
AUDIO INPUT

IN2L

CIN
0.47μF 24

(27)LEFT-CHANNEL
AUDIO INPUT 2

IN2R

CIN
0.47μF 27

(2)RIGHT-CHANNEL
AUDIO INPUT 2

CHARGE
PUMP

MUX AND
GAIN CONTROL

HEADPHONE
DETECTION

SHUTDOWN
CONTROL

OSCILLATOR

H-BRIDGE

VDD

OUT+

PVDD

2.5V TO 5.5V

VDD

OUT-

17
(20) PGND

VDD

SEL2

15
(18)SHDN

( ) FOR TSSOP PIN.

CBIAS
0.047μF

CLASS D
MODULATOR

MAX9770

1
(4) BIAS
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AUDIO DAC

MAX9770
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2.5V TO 5.5V

2.5V TO 5.5V

IN1R

1μF

1μF

0.47μF
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GND PGND

OUT+

OUT-

HPOUTL

HPS

HPOUTR

VDD HPVDD

FM RADIO
MODULE

IN2L

IN2R

0.47μF

0.47μF

BASEBAND
PROCESSOR

SHDN

MONO

1μF

SEL1
SEL2
SELM

VDD GAIN1

VDD GAIN2

1μF

0.047μF

BIAS

CPVSS

CPVDD

SVSS

CPGND

C1P

C1N

1μF1μF

PVDD
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