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I2C INTERFACE

VOLUME
CONTROL

BassMax

BassMax

1.8V TO 3.6V SUPPLY 

SCL

BBL

OUTL

BBR

OUTR

SDA

INL

INR

MAX9723

Σ

Σ

19-3509; Rev 2; 8/08

PART** TEMP RANGE
PIN-

PACKAGE
PKG

CODE

MAX9723_EBE-T* -40°C to +85°C 16 UCSP-16 B16-1

MAX9723_ETE+ -40°C to +85°C 16 TQFN T1644-4

**

* ——

PART SLAVE ADDRESS MAXIMUM GAIN (dB)

MAX9723A 1001100 0
MAX9723B 1001101 0
MAX9723C 1001100 +6
MAX9723D 1001101 +6

http://www.maxim-ic.com.cn
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ABSOLUTE MAXIMUM RATINGS

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.

SGND to PGND .....................................................-0.3V to +0.3V
VDD to PGND............................................................-0.3V to +4V
PVSS to SVSS .........................................................-0.3V to +0.3V
C1P to PGND..............................................-0.3V to (VDD + 0.3V)
C1N to PGND............................................(PVSS - 0.3V) to +0.3V
PVSS, SVSS to PGND ................................................+0.3V to -4V
IN_ to SGND ..................................(SVSS - 0.3V) to (VDD + 0.3V)
SDA, SCL to PGND ..................................................-0.3V to +4V
SHDN to PGND ..........................................-0.3V to (VDD + 0.3V)
OUT_ to SGND ............................................................-3V to +3V
BB_ to SGND...............................................................-2V to +2V
Duration of OUT_ Short Circuit to _GND....................Continuous

Continuous Current Into/Out of:
VDD, C1P, PGND, C1N, PVSS, SVSS, or OUT_ ..............±0.85A
Any Other Pin.................................................................±20mA

Continuous Power Dissipation (TA = +70°C)
4 x 4 UCSP (derate 8.2mW/°C above +70°C) ...........659.2mW
16-Pin Thin QFN (derate 16.9mW/°C above +70°C) ....1349mW

Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature ......................................................+150°C
Storage Temperature Range .............................-65°C to +150°C
Bump Temperature (soldering)

Reflow ...........................................................................+230°C
Lead Temperature (soldering, 10s) .................................+300°C

ELECTRICAL CHARACTERISTICS
(VDD = SHDN = 3V, PGND = SGND = 0V, C1 = C2 = 1μF, BB_ = 0V. gain = 0dB, maximum volume, BassMax disabled. Load connect-
ed between OUT_ and SGND where specified. TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

GENERAL

Supply Voltage Range VDD 1.8 3.6 V

Quiescent Supply Current IDD No load 4 6.5 mA

Shutdown Supply Current IDD_SHDN V SHDN = 0V 5 8.5 μA

Turn-On Time tON 200 μs

Turn-Off Time tOFF 35 μs

Thermal Shutdown Threshold TTHRES +143 °C

Thermal Shutdown Hysteresis THYST 12 °C

HEADPHONE AMPLIFIER

Gain = 0dB,
MAX9723A/
MAX9723B

±0.7 ±4.5

Output Offset Voltage VOS

M easur ed  b etw een
OU T_ and  S GN D 
( N ote 2) Gain = +6dB,

MAX9723C/
MAX9723D

±0.8 ±5

mV

Input Resistance RIN All volume levels 10 17 27 kΩ
BBR, BBL Input Bias Current IBIAS_BB ±10 ±100 nA

DC, VDD = 1.8V to 3.6V 73 90

f = 217Hz, 100mVP-P ripple,
VDD = 3.0V

87

f = 1kHz, 100mVP-P ripple,
VDD = 3.0V

86

Power-Supply Rejection Ratio PSRR (Note 2)

f = 20kHz, 100mVP-P ripple,
VDD = 3.0V

61

dB
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = SHDN = 3V, PGND = SGND = 0V, C1 = C2 = 1μF, BB_ = 0V. gain = 0dB, maximum volume, BassMax disabled. Load connect-
ed between OUT_ and SGND where specified. TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

RL = 32Ω 59
Output Power POUT

THD+N = 1%,
fIN = 1kHz RL = 16Ω (Note 5) 38 60

mW

RL = 16Ω, POUT = 35mW, fIN = 1kHz 0.006Total Harmonic Distortion Plus
Noise

THD+N
RL = 32Ω, POUT = 45mW, fIN = 1kHz 0.004

%

Gain range bit 5 = 1 0MAX9723A/
MAX9723B Gain range bit 5 = 0 -5

dB

Gain range bit 5 = 1 +6
Maximum Gain AMAX

MAX9723C/
MAX9723D Gain range bit 5 = 0 +1

dB

BW = 22Hz to 22kHz 99
Signal-to-Noise Ratio SNR

RL = 32Ω,
VOUT = 1VRMS A-weighted 100

dB

Slew Rate SR 0.35 V/μs

Capacitive Drive No sustained oscillations 300 pF

Output Resistance in Shutdown ROUT_SHDN
VSHDN = 0V, measured from OUT_ to
SGND

20 kΩ

Output Capacitance in Shutdown COUT_SHDN
VSHDN = 0V, measured from OUT_ to
SGND

60 pF

Into
shutdown

-69
MAX9723A/
MAX9723B Out of

shutdown
-71

Into
shutdown

-70

Click/Pop Level KCP

RL = 32Ω,
peak voltage,
A-weighted,
32 samples
per second
(Notes 2, 4)

MAX9723C/
MAX9723D Out of

shutdown
-69

dB

Charge-Pump Switching
Frequency

fCP 505 600 700 kHz

Crosstalk XTALK
L to R or R to L, f = 10kHz,
VOUT = 1VP-P, RL = 32Ω, both channels
loaded

80 dB

DIGITAL INPUTS (SHDN, SDA, SCL)

Input High Voltage VIH
0.7 x
VDD

V

Input Low Voltage VIL
0.3 x
VDD

V

Input Leakage Current ±1 μA

DIGITAL OUTPUTS (SDA)

Output Low Voltage VOL IOL = 3mA 0.4 V

Output High Current IOH VSDA = VDD 1 μA



4 _______________________________________________________________________________________

TIMING CHARACTERISTICS
(VDD = SHDN = 3V, PGND = SGND = 0V, C1 = C2 = 1μF, BB_ = 0V, gain = 0dB, maximum volume, BassMax disabled. Load connect-
ed between OUT_ and SGND where specified. TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C, see
Timing Diagram.) (Notes 1, 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Serial Clock Frequency fSCL 0 400 kHz

Bus Free Time Between a STOP
and a START Condition

tBUF 1.3 μs

START Condition Hold Time tHD:STA 0.6 μs

Low Period of the SCL Clock tLOW 1.3 μs

High Period of the SCL Clock tHIGH 0.6 μs

Setup Time for a Repeated
START Condition

tSU:STA 0.6 μs

Data Hold Time tHD:DAT 0 0.9 μs

Data Setup Time tSU:DAT 100 ns

Maximum Rise Time of SDA and
SCL Signals

tr 300 ns

Maximum Fall Time of SDA and
SCL Signals

tf 300 ns

Setup Time for STOP Condition tSU:STO 0.6 μs

Pulse Width of Suppressed Spike tSP 100 ns

Maximum Capacitive Load for
Each Bus Line

CL_BUS 400 pF

Note 1: All specifications are 100% tested at TA = +25°C. Temperature limits are guaranteed by design.
Note 2: Inputs AC-coupled to SGND.
Note 3: Guaranteed by design.
Note 4: Headphone mode testing performed with a 32Ω resistive load connected to GND. Mode transitions are controlled by

SHDN. The KCP level is calculated as: 20 x log [(level peak voltage during mode transition, no input signal)/(peak voltage
under normal operation at rated power)]. Units are expressed in dB.

Note 5: Output power MIN is specified at TA = +25°C.
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nected between OUT_ and SGND where specified. Outputs in phase, both channels loaded. TA = +25°C, unless otherwise noted.)
(See Functional Diagram/Typical Operating Circuit)
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(VDD = SHDN = 3V, PGND = SGND = 0V, C1 = C2 = 1μF, BB_ = 0V, gain = 0dB, maximum volume, BassMax disabled. Load con-
nected between OUT_ and SGND where specified. Outputs in phase, both channels loaded. TA = +25°C, unless otherwise noted.)
(See Functional Diagram/Typical Operating Circuit)
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nected between OUT_ and SGND where specified. Outputs in phase, both channels loaded. TA = +25°C, unless otherwise noted.)
(See Functional Diagram/Typical Operating Circuit)
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(VDD = SHDN = 3V, PGND = SGND = 0V, C1 = C2 = 1μF, BB_ = 0V, gain = 0dB, maximum volume, BassMax disabled. Load con-
nected between OUT_ and SGND where specified. Outputs in phase, both channels loaded. TA = +25°C, unless otherwise noted.)
(See Functional Diagram/Typical Operating Circuit)
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MAX9723 SLAVE ADDRESS
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MAX9723A 1 0 0 1 1 0 0 0
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MAX9723D 1 0 0 1 1 0 1 0

B7 B6 B5 B4 B3 B2 B1 B0
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SLAVE ADDRESS COMMAND BYTE

MAXIMUM GAIN (dB) B5

-5 0

0 1
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B4 B3 B2 B1
B0

(LSB)

GAIN

(dB)

1 1 1 1 1 0

1 1 1 1 0 -0.5

1 1 1 0 1 -1

1 1 1 0 0 -1.5

1 1 0 1 1 -2

1 1 0 1 0 -2.5

1 1 0 0 1 -3

1 1 0 0 0 -4

1 0 1 1 1 -5

1 0 1 1 0 -6

1 0 1 0 1 -7

1 0 1 0 0 -9

1 0 0 1 1 -11

1 0 0 1 0 -13

1 0 0 0 1 -15

1 0 0 0 0 -17

0 1 1 1 1 -19

0 1 1 1 0 -21

0 1 1 0 1 -23

0 1 1 0 0 -25

0 1 0 1 1 -27

0 1 0 1 0 -29

0 1 0 0 1 -31

0 1 0 0 0 -33

0 0 1 1 1 -35

0 0 1 1 0 -37

0 0 1 0 1 -39

0 0 1 0 0 -41

0 0 0 1 1 -43

0 0 0 1 0 -45

0 0 0 0 1 -47

0 0 0 0 0 MUTE

B4 B3 B2 B1
B0

(LSB)

GAIN

(dB)

1 1 1 1 1 -5

1 1 1 1 0 -6

1 1 1 0 1 -7

1 1 1 0 0 -9

1 1 0 1 1 -11

1 1 0 1 0 -13

1 1 0 0 1 -15

1 1 0 0 0 -17

1 0 1 1 1 -19

1 0 1 1 0 -21

1 0 1 0 1 -23

1 0 1 0 0 -25

1 0 0 1 1 -27

1 0 0 1 0 -29

1 0 0 0 1 -31

1 0 0 0 0 -33

0 1 1 1 1 -35

0 1 1 1 0 -37

0 1 1 0 1 -39

0 1 1 0 0 -41

0 1 0 1 1 -43

0 1 0 1 0 -45

0 1 0 0 1 -47

0 1 0 0 0 -51

0 0 1 1 1 -55

0 0 1 1 0 -59

0 0 1 0 1 -63

0 0 1 0 0 -67

0 0 0 1 1 -71

0 0 0 1 0 -75

0 0 0 0 1 -79

0 0 0 0 0 MUTE
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B4 B3 B2 B1
B0

(LSB)

GAIN

(dB)

1 1 1 1 1 1

1 1 1 1 0 0

1 1 1 0 1 -1

1 1 1 0 0 -3

1 1 0 1 1 -5

1 1 0 1 0 -7

1 1 0 0 1 -9

1 1 0 0 0 -11

1 0 1 1 1 -13

1 0 1 1 0 -15

1 0 1 0 1 -17

1 0 1 0 0 -19

1 0 0 1 1 -21

1 0 0 1 0 -23

1 0 0 0 1 -25

1 0 0 0 0 -27

0 1 1 1 1 -29

0 1 1 1 0 -31

0 1 1 0 1 -33

0 1 1 0 0 -35

0 1 0 1 1 -37

0 1 0 1 0 -39

0 1 0 0 1 -41

0 1 0 0 0 -45

0 0 1 1 1 -49

0 0 1 1 0 -53

0 0 1 0 1 -57

0 0 1 0 0 -61

0 0 0 1 1 -65

0 0 0 1 0 -69

0 0 0 0 1 -73

0 0 0 0 0 MUTE

MODE B7 B6 B5 B4 B3 B2 B1 B0

Power-On
Reset

1 1 1 1 1 1 1 1

B4 B3 B2 B1
B0

(LSB)

GAIN

(dB)

1 1 1 1 1 6

1 1 1 1 0 5.5

1 1 1 0 1 5

1 1 1 0 0 4.5

1 1 0 1 1 4

1 1 0 1 0 3.5

1 1 0 0 1 3

1 1 0 0 0 2

1 0 1 1 1 1

1 0 1 1 0 0

1 0 1 0 1 -1

1 0 1 0 0 -3

1 0 0 1 1 -5

1 0 0 1 0 -7

1 0 0 0 1 -9

1 0 0 0 0 -11

0 1 1 1 1 -13

0 1 1 1 0 -15

0 1 1 0 1 -17

0 1 1 0 0 -19

0 1 0 1 1 -21

0 1 0 1 0 -23

0 1 0 0 1 -25

0 1 0 0 0 -27

0 0 1 1 1 -29

0 0 1 1 0 -31

0 0 1 0 1 -33

0 0 1 0 0 -35

0 0 0 1 1 -37

0 0 0 1 0 -39

0 0 0 0 1 -41

0 0 0 0 0 MUTE
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MAX9723A AND MAX9723B
TRANSFER FUNCTION (B5 = 1)

CODE

GA
IN

 (d
B)

-20

-30

-40

10

0

-10

-50
0 6 12 18 24 30

MAX9723A AND MAX9723B
TRANSFER FUNCTION (B5 = 0)

CODE

GA
IN

 (d
B)

-40

-50

-60

-70

-80

0

-10

-30

-20

-90
0 6 12 18 24 30

MAX9723C AND MAX9723D
TRANSFER FUNCTION (B5 = 0)

CODE

0 6 12 18 24 30

GA
IN

 (d
B)

-30

-40

-50

-60

-70

10

0

-20

-10

-80

MAX9723C AND MAX9723D
TRANSFER FUNCTION (B5 = 1)

CODE

GA
IN

 (d
B)

-30

-40

10

0

-20

-10

-50
0 6 12 18 24 30



R2/(R1 + R2) 

Ω Ω
Ω

A A
RA RB

RA RB
V TOTAL V VOL_ _ log= + ×

+

−

⎛

⎝
⎜

⎞

⎠
⎟20

f
R R
C R R

f
R R
C R R

POLE

ZERO

=
−

× × ×

=
+

× × ×

1 2
2 3 1 2

1 2
2 3 1 2

π

π

A A AV TOTAL V VOL V BOOST_ _ _= +

A
R R
R RV BOOST_ log= ×
+

−
20

1 2
1 2
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GAIN PROFILE WITH AND
WITHOUT BassMax

FREQUENCY (Hz)

A V
 (d

B)

1k10010

-8

-6

-4

-2

0

2

4

6

8

10

-10
1 10k

MAX9723A
CMD REGISTER
CODE = 0xFF
R1 = 47kΩ
R2 = 22kΩ
C3 = 0.1μF

fPOLE

fZEROWITH
BassMax

WITHOUT
BassMax



Ω
Ω μ

μ μ

CA
f RA RBPOLE

  
    ( )

=
× −

1
2 π
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CA

RB

RA

R

R

OUT_

BB_

AUDIO
INPUT

MAX9723

BassMax
ENABLE

R2 (kΩ) AV GAIN (dB)

39 20.6

33 15.1

27 11.3

22 8.8

15 5.7

10 3.7

Ω

C3 (nF) fPOLE (Hz) fZERO (Hz)

100 38 106

82 47 130

68 56 156

56 68 190

47 81 230

22 174 490

10 384 1060

Ω Ω

FREQUENCY RESPONSE OF FIGURE 12

FREQUENCY (Hz)

A V
 (d

B)

1k100101

1

2

3

4

5

6

7

8

9

10

0
0.1 10k

MAX9723A
CMD REGISTER
CODE = 0xFF
RA = 47kΩ
RB = 22kΩ
CA = 0.33μF
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R5
10kΩ

R6
10kΩ

CIN
0.47μF

C4
0.1μFR4

22kΩ

R3
47kΩ

R1
47kΩ

C5
1μF

C2
1μF

CIN
0.47μF

C1
1μF

1.8V TO 3.6V ANALOG INPUT

I2C INTERFACE

CHARGE PUMP

VDD

INRSDASCL

VDD

VDD

SVSS

VDD

R

OUTR

BBR

BBL

OUTL

R

SVSS

VDD

SVSS

VDD

SVSS

SHDN

C1P

C1N

SGND PGND PVSS SVSS

C3
0.1μF

R2
22kΩ

ANALOG INPUT

BASS BOOST CIRCUIT TUNED
FOR +8.8dB AT 106Hz.

MAX9723

R

INL

R

TRANSISTOR COUNT: 7165

PROCESS: BiCMOS

http://www.maxim-ic.com.cn/ucsp
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12

11

10

9

SVSS

INR

INL

SGND

5 6 7 8

SC
L

PV
SS

SD
A

SH
DN

16 15 14 13

BB
L

OU
TL

OU
TR

BB
R

1

2

3

4

VDD

C1P

PGND

C1N

MAX9723_

TOP VIEW

TOP VIEW
(BUMP SIDE DOWN)

THIN QFN

UCSP

SHDN

C1N PVSS SDA SGND

INLSCLPGND

C1P

VDD

BBL BBR INR

OUTL OUTR SVSS

MAX9723_

1 2 3 4

A

B

C

D

+

R3
47kΩ

R4
22kΩ

R1
47kΩ

C3
0.1μF

C4
0.1μF

R2
22kΩ

OUTL

VDD

PVSS
C2

1μF

C5
1μF

R6
10kΩ

R5
10kΩ

I2C
MASTER

CODEC

SVSS PGND SGND

BBL

OUTR

BBR

1.8V TO
3.6V

SDA

SCL

INL

INR

C1P

C1N

CIN
0.47μF

CIN
0.47μF

C1
1μF

MAX9723
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( www.maxim-ic.com.cn/packages )

24
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Q
FN

 T
H

IN
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P
S

http://www.maxim-ic.com.cn/packages
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( www.maxim-ic.com.cn/packages )

http://www.maxim-ic.com.cn/packages
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( www.maxim-ic.com.cn/packages )

16
L,

U
C

S
P

.E
P

S

H
1

121-0101

PACKAGE OUTLINE, 4x4 UCSP

http://www.maxim-ic.com.cn/packages
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