
________________________________概述

MAX9725A–MAX9725D
MAX9725E

MAX9725A–
MAX9725E DirectDrive®

-2V/V (MAX9725A) -1.5V/V (MAX9725B) -1V/V
(MAX9725C) -4V/V (MAX9725D)

MAX9725E DirectDrive
-1V/V

MAX9725 32Ω 20mW
THD+N 0.006% 1kHz (PSRR)
80dB MAX9725

MAX9725
±8kV ESD /

0.6μA ( )

MAX9725 0.9V 1.8V
AA AAA MAX9725 2.1mA

-40°C
+85°C MAX9725 (1.54mm X 2.02mm X 0.6mm)
12 (UCSPTM) 12 QFN
(4mm x 4mm x 0.8mm)

________________________________应用

________________________________特性
♦ 低静态电流

2.1mA (MAX9725A–MAX9725D)
2.3mA (MAX9725E)

♦ 0.9V至1.8V单电源工作
♦ 固定增益无需外部反馈网络

MAX9725A：-2V/V
MAX9725B：-1.5V/V
MAX9725C：-1V/V
MAX9725D：-4V/V

♦ 可利用外部输入和反馈电阻调整增益
MAX9725E：最小稳定增益为-1V/V

♦ 无需直流偏置，提供以地为参考的输出
♦ 不存在输出电容对低频响应的影响
♦ 每通道为32Ω负载提供20mW的功率
♦ 低至0.006%的THD+N
♦ 高PSRR (1kHz时80dB)
♦ 集成咔嗒/噼噗声抑制电路
♦ 低功耗关断控制
♦ 短路保护
♦ 放大器输出具有±8kV ESD保护
♦ 采用节省空间的封装

12焊球UCSP (1.54mm x 2.02mm x 0.6mm)封装
12引脚、薄型QFN (4mm x 4mm x 0.8mm)封装
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________________________________方框图

_____________________________定购信息

PA RT PIN- PA CK A G E T O P
M A RK 

G A IN 
( V/V) 

MAX9725AEBC +TG45 12 U C S P + ACK - 2

M AX9725AE TC+ 12 TQFN- EP* + AAE W - 2

MAX9725BEBC +TG45 12 U C S P + ACL - 1.5

定购信息(续)在数据资料的最后给出。
注： -40°C +85°C
+ (Pb) RoHS
T = 
*EP =
UCSP Maxim Integrated Products, Inc.
DirectDrive Maxim Integrated Products, Inc.

http://china.maxim-ic.com
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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 SGND or PGND ............................................-0.3V to +2V
VSS to PVSS ...........................................................-0.3V to +0.3V
C1P to PGND..............................................-0.3V to (VDD + 0.3V)
C1N to PGND............................................(PVSS - 0.3V) to +0.3V
VSS, PVSS to GND ....................................................+0.3V to -2V
OUTR, OUTL, INR, INL to SGND 

(MAX9725A–MAX9725D)..............(VSS - 0.3V) to (VDD + 0.3V)
OUTR, OUTL to SGND 

(MAX9725E) ..................................(VSS - 0.3V) to (VDD + 0.3V)
INR, INL to SGND (MAX9725E)...................................-4V to +4V

SHDN to SGND or PGND.........................................-0.3V to +4V
Output Short-Circuit Current ......................................Continuous
Continuous Power Dissipation (TA = +70°C)

12-Bump UCSP (derate 6.5mW/°C above +70°C)....518.8mW
12-Pin Thin QFN (derate 16.9mW/°C above +70°C) ..1349.1mW

Junction Temperature ......................................................+150°C
Operating Temperature Range ...........................-40°C to +85°C
Storage Temperature Range .............................-65°C to +150°C
Bump Temperature (soldering) Reflow............................+230°C
Lead Temperature (soldering, 10s) .................................+300°C

ELECTRICAL CHARACTERISTICS (MAX9725A–MAX9725D)
(VDD = 1.5V, VPGND = VSGND = 0V, VSHDN = 1.5V, VSS = VPVSS, C1 = C2 = 1μF, CIN = 1μF, RL = ∞, TA = TMIN to TMAX, unless other-
wise noted. Typical values are at TA = +25°C.) (See the Functional Diagrams.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Supply Voltage Range VDD Guaranteed by PSRR test 0.9 1.8 V
Quiescent Supply Current IDD Both channels active 2.1 3.3 mA

TA = +25°C 0.6 10
Shutdown Current ISHDN VSHDN = 0V

TA = -40°C to +85°C 30
μA

Shutdown to Full Operation tON 180 μs
VIH VDD = 0.9V to 1.8V 0.7 x VDD

SHDN Thresholds
VIL VDD = 0.9V to 1.8V 0.3 x VDD

V

SHDN Input Leakage Current ILEAK VDD = 0.9V to 1.8V (Note 2) ±1 μA

CHARGE PUMP
Oscillator Frequency fOSC 493 580 667 kHz

AMPLIFIERS

MAX9725A -2.04 -2.00 -1.96

MAX9725B -1.53 -1.5 -1.47
MAX9725C -1.02 -1.00 -0.98

Voltage Gain AV

MAX9725D -4.08 -4.00 -3.92

V/V

Gain Match ΔAV ±0.5 %

MAX9725A/MAX9725D ±0.3 ±1.05
MAX9725B ±0.45 ±1.58Total Output Offset Voltage VOS

Input AC-coupled,
RL = 32Ω to GND,
TA = +25°C MAX9725C ±0.6 ±2.1

mV

Input Resistance RIN 15 25 35 kΩ

VDD = 0.9V to 1.8V, TA = +25°C 60 80
fIN = 1kHz 70Power-Supply Rejection Ratio PSRR

100mVP-P ripple
fIN = 20kHz 62

dB

RL = 32Ω 10 20
VDD = 1.5V

RL = 16Ω 25
VDD = 1.0V, RL = 32Ω 7

Output Power (Note 3) POUT

VDD = 0.9V, RL = 32Ω 6

mW



M
A

X
9725

1V、低功耗、DirectDrive立体声耳机
放大器，带有关断功能

_______________________________________________________________________________________ 3

ELECTRICAL CHARACTERISTICS (MAX9725A–MAX9725D) (continued)
(VDD = 1.5V, VPGND = VSGND = 0V, VSHDN = 1.5V, VSS = VPVSS, C1 = C2 = 1μF, CIN = 1μF, RL = ∞, TA = TMIN to TMAX, unless other-
wise noted. Typical values are at TA = +25°C.) (See the Functional Diagrams.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

RL = 32Ω, POUT = 12mW, f = 1kHz 0.006Total Harmonic Distortion Plus
Noise

THD+N
RL = 16Ω, POUT = 15mW, f = 1kHz 0.015

%

BW = 22Hz to 22kHz 89
Signal-to-Noise Ratio SNR RL = 32Ω, POUT = 12mW

A-weighted filter 92
dB

Slew Rate SR 0.2 V/μs

Maximum Capacitive Load CL No sustained oscillations 150 pF

Crosstalk XTALK fIN = 1.0kHz, RL = 32Ω, POUT = 5mW 100 dB

Into shutdown 72.8
Click-and-Pop Level KCP

RL = 32Ω, peak voltage,
A-weighted, 32 samples per
second (Note 4) Out of shutdown 72.8

dBV

ESD Protection VESD Human Body Model (OUTR, OUTL) ±8 kV

ELECTRICAL CHARACTERISTICS (MAX9725E)
(VDD = 1.5V, VPGND = VSGND = 0V, VSHDN = 1.5V, VSS = VPVSS, C1 = C2 = 1μF, CIN = 1μF, RL = 32Ω, RF = 60kΩ, RIN = 10kΩ, TA =
TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.) (See the Functional Diagrams.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Supply Voltage Range VDD Guaranteed by PSRR test 0.9 1.8 V
Quiescent Supply Current IDD Both channels active 2.3 3.7 mA

TA = +25°C 0.6 1
Shutdown Current ISHDN VSHDN = 0V

TA = -40°C to +85°C 10
μA

Shutdown to Full Operation tON 180 μs
VIH VDD = 0.9V to 1.8V 0.7 x VDD

SHDN Thresholds
VIL VDD = 0.9V to 1.8V 0.3 x VDD

V

SHDN Input Leakage Current ILEAK VDD = 0.9V to 1.8V (Note 2) ±1 μA

CHARGE PUMP
Oscillator Frequency fOSC 483 592 687 kHz

AMPLIFIERS

Voltage Gain AV (Note 5) -6.11 -6.07 -6.00 V/V

Minimum Stable Gain ΔAV -1.0 V/V

Total Output Offset Voltage VOS
Input AC-coupled, RL = 32Ω to GND,
TA = +25°C (Note 6)

±0.63 ±2.1 mV

Input Resistance RIN 6.3 9.78 14 kΩ
INR, INL Input Leakage
Current

ILK ±100 nA

Maximum Input Parasitic
Capacitance

CPAR 5 pF

VDD = 0.9V to 1.8V, TA = +25°C 52.9 67.8

fIN = 1kHz 70Power-Supply Rejection Ratio PSRR 100mVP-P ripple
(Note 5) fIN = 20kHz 62

dB
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Note 1: All specifications are 100% tested at TA = +25°C; temperature limits are guaranteed by design.
Note 2: Input leakage current measurements limited by automated test equipment.
Note 3: fIN = 1kHz, TA = +25°C, THD+N < 1%, both channels driven in-phase.
Note 4: Testing performed with 32Ω resistive load connected to outputs. Mode transitions controlled by SHDN. KCP level calculated

as 20 log [peak voltage under normal operation at rated power level / peak voltage during mode transition]. Inputs are AC-
grounded.

Note 5: Using existing resistors with 1% precision.
Note 6: RIN = 10Ω, RF =10kΩ.

_________________________________________________________________典型工作特性
(VDD = 1.5V, VPGND = VSGND = 0V, VSHDN = 1.5V, VSS = VPVSS, C1 = C2 = 1μF, CIN = 1μF, THD+N measurement bandwidth = 22Hz
to 22kHz, TA = +25°C, unless otherwise noted.) (See the Functional Diagrams.)
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

RL = 32Ω 10 24
VDD = 1.5V

RL = 16Ω 25
VDD = 1.0V, RL = 32Ω 7

Output Power (Note 3) POUT

VDD = 0.9V, RL = 32Ω 6

mW

RL = 32Ω, POUT = 12mW, f = 1kHz 0.006Total Harmonic Distortion Plus
Noise (Note 5)

THD+N
RL = 16Ω, POUT = 15mW, f = 1kHz 0.015

%

BW = 22Hz to 22kHz 89
Signal-to-Noise Ratio SNR RL = 32Ω, POUT = 12mW

A-weighted filter 92
dB

Slew Rate SR 0.3 V/μs

Maximum Capacitive Load CL No sustained oscillations 150 pF

Crosstalk XTALK fIN = 1.0kHz, RL = 32Ω, POUT = 5mW 100 dB

Into shutdown 72.8
Click-and-Pop Level KCP

RL = 32Ω, peak voltage,
A-weighted, 32 samples per
second (Note 4) Out of shutdown 72.8

dBV

ESD Protection VESD Human Body Model (OUTR, OUTL) ±8 kV

RL = 32Ω -120
Attenuation in Shutdown ATT(SD) VSHDN = 0V

RL = 10kΩ -75
dB

ELECTRICAL CHARACTERISTICS (MAX9725E) (continued)
(VDD = 1.5V, VPGND = VSGND = 0V, VSHDN = 1.5V, VSS = VPVSS, C1 = C2 = 1μF, CIN = 1μF, RL = 32Ω, RF = 60kΩ, RIN = 10kΩ, TA =
TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.) (See the Functional Diagrams.) (Note 1)
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_____________________________________________________________典型工作特性(续) 
(VDD = 1.5V, VPGND = VSGND = 0V, VSHDN = 1.5V, VSS = VPVSS, C1 = C2 = 1μF, CIN = 1μF, THD+N measurement bandwidth = 22Hz
to 22kHz, TA = +25°C, unless otherwise noted.) (See the Functional Diagrams.)
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_____________________________________________________________典型工作特性(续) 
(VDD = 1.5V, VPGND = VSGND = 0V, VSHDN = 1.5V, VSS = VPVSS, C1 = C2 = 1μF, CIN = 1μF, THD+N measurement bandwidth = 22Hz
to 22kHz, TA = +25°C, unless otherwise noted.) (See the Functional Diagrams.)
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1 A1 C1N

2 A2 PVSS

3 A3 INL

4 A4 INR

5 B4 VSS

6 B3 SGND

7 C4 OUTR

8 C3 OUTL

9 C2 VDD

10 C1 C1P

11 B1 PGND

12 B2 SHDN

EP — EP

______________________________________________________________________引脚说明

SHUTDOWN CURRENT
vs. SUPPLY VOLTAGE
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EXITING SHUTDOWN
MAX9725 toc23
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1V/div

SHDN
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POWER-UP/-DOWN WAVEFORM
MAX9725toc24

200ms/div

OUT_
10mV/div

VDD
1V/div

_____________________________________________________________典型工作特性(续) 
(VDD = 1.5V, VPGND = VSGND = 0V, VSHDN = 1.5V, VSS = VPVSS, C1 = C2 = 1μF, CIN = 1μF, THD+N measurement bandwidth = 22Hz
to 22kHz, TA = +25°C, unless otherwise noted.) (See the Functional Diagrams.)

引脚 焊球

名称 功能

C1P C1N 1μF

1μF PVSS PGND PVSS VSS

C1N INL RIN (MAX9725E)

C1N INR RIN (MAX9725E)

PVSS

SGND PGND SGND

OUTR INR RFB (MAX9725E)

OUTL INL RFB (MAX9725E)

1μF PGND

C1P C1N 1μF

PGND SGND

VDD

VSS VSS

薄型
QFN

UCSP
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____________________________详细说明
MAX9725 Maxim DirectDrive

MAX9725 AB 20mW
/

( ) (PVSS)
(VDD) 1V

VDD PVSS

MAX9725 GND ( 1) GND

DirectDrive

( )

Maxim DirectDrive
MAX9725 GND

1.5V
16Ω 18mW MAX9725

16Ω 25mW DirectDrive
( 220μF)

MAX9725

Output Power
vs. Charge-Pump Capacitance and Load Resistance

( )

•

• ESD ESD

ESD

•

1. MAX9725 ( )

VDD

-VDD

GNDVOUT

CONVENTIONAL DRIVER-BIASING SCHEME

DirectDrive BIASING SCHEME

VDD / 2

VDD

GND

VOUT
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低频响应

1)
-3dB

RL COUT

COUT
2 COUT

100μF
16Ω -3dB 100Hz

2)
-3dB

3
THD+N 100Hz THD+N

MP3 CD DVD
DirectDrive

电荷泵

MAX9725 580kHz

di/dt C2
( )

关断

MAX9725 0.6μA
SHDN

50kΩ (MAX9725A)
37.5kΩ (MAX9725B) 25kΩ (MAX9725C) 100kΩ
(MAX9725D) RF (MAX9725E)

f
2 R C-3dB

L OUT
=

1
π

2. 

LF ROLLOFF (16Ω LOAD)

FREQUENCY (Hz)

AT
TE

NU
AT

IO
N 

(d
B)

100

-30

-25

-20

-10
-3dB CORNER FOR
100μF IS 100Hz

-15

-5
-3

0

-35
10 1k

33μF

330μF

220μF

100μF

3. 

ADDITIONAL THD+N DUE 
TO DC-BLOCKING CAPACITORS

FREQUENCY (Hz)

TH
D+

N 
(%

)

10k1k100

0.001

0.01

0.1

1

10

0.0001
10 100k

TANTALUM

ALUM/ELEC
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杂音抑制

GND
MAX9725 DirectDrive

MAX9725 /
Power-

Up/-Down Waveform

MAX9725

(MAX9725A–MAX9725D 25kΩ MAX9725E
10kΩ)

RIN X CIN SHDN 4 5
/ (

)

____________________________应用信息

功耗

Absolute Maximum Ratings Continuous Power
Dissipation

TJ(MAX) +150°C TA θJA Absolute
Maximum Ratings °C/W

QFN θJA +59.3°C/W

MAX9725
VDD

θJA

输出功率

MAX9725
4

4 MAX9725
20mW

负电源向其他电路供电

MAX9725 (PVSS)
PVSS PVSS

1mA PVSS 1mA
THD+N

PVSS LCD

PVSS VDD
C1P C1N 1μF

P
T - T

DISSPKG(MAX)
J(MAX) A

JA
=

θ

4. /

0

15

10

5

20

25

30

35

40

45

50

0.9 1.1 1.3 1.5

OUTPUT POWER vs. SUPPLY VOLTAGE
WITH INPUTS IN- AND OUT-OF-PHASE

SUPPLY VOLTAGE (V)

OU
TP

UT
 P

OW
ER

 (m
W

)

fIN = 1kHz
RL = 16Ω
THD+N = 1%

INPUTS 180° OUT-OF-PHASE

INPUTS IN-PHASE
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元件选择

输入滤波

(CIN)
( )

CIN MAX9725A–MAX9725D
0 -3dB

CIN f-3dB RIN
25kΩ (MAX9725A–MAX9725D) 10kΩ (MAX9725E

) f-3dB
C0G

电荷泵电容选择

ESR 100mΩ ESR
X7R

1

飞电容(C1)

C1 C1
MAX9725

C1
Output Power vs. Charge-

Pump Capacitance and Load Resistance

保持电容(C2)

ESR PVSS C2
ESR

Output Power vs. 
Charge-Pump Capacitance and Load Resistance

电源旁路电容(C3) 

(C3) MAX9725
C1 C3 VDD

PGND VDD

布板与接地

PCB
PGND SGND PVSS SVSS C2

P G N D C 3 V D D P G N D
C2 C3 MAX9725 PGND

SGND

MAX9725 QFN
确保裸焊盘与GND和VDD电气隔

离 如果需要 可将裸焊盘与VSS连接

_______________________ UCSP应用信息
UCSP
-

1891 (WLP)

f
2 C-3dB

IN
=

× ×

1
π RIN

表1. 推荐的电容厂商
SUPPLIER PHONE FAX WEBSITE

Murata 770-436-1300 — www.murata.com

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

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

http://www.murata.com
http://www.t-yuden.com
http://www.component.tdk.com
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OUTR

0.9V TO 1.8V

OUTL

SGND PGND

VDD

INR

INL

C1P

C1N

VSS

PVSS

MP3
DECODER

1μF

1μF

1μF

1μF

SHDN

1μF

MAX9725A–
MAX9725D

STEREO
DAC

MAX9725E

1μF RIN

RF

SGND PGND

CHARGE
PUMP

RF

INL

C1N

DIN

OUTL

1μF RIN INR
OUTR

PVSS

VSS

1μF 1μF

VDD

SHDN
1μF

____________________________________________________________________系统框图
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CHARGE
PUMP

UVLO/
SHUTDOWN
CONTROL

CLICK-AND-POP
SUPPRESSION

C1N

C1P

PVSS VSS PGND SGND

*MAX9725A = 50kΩ.
  MAX9725B = 37.5kΩ.
  MAX9725C = 25kΩ.
  MAX9725D = 100kΩ.
  ( ) DENOTE BUMPS FOR UCSP.

INR

VDD

VSS

VDD

SGND

OUTR

HEADPHONE
JACK

12
(B2)

9
(C2)

10
(C1)

11
(B1)

1
(A1)

2
(A2)

5
(B4)

8
(C3)

7
(C4)

6
(B3)

C1
1μF

C2
1μF

0.9V TO 1.8V

C3
1μF

CIN
0.47μF

RIN
25kΩ

LEFT-
CHANNEL
AUDIO IN

VSS

VDD

RF*

OUTL

SHDN

3
(A3)

INL

4
(A4)

SGND

MAX9725A–
MAX9725D

CIN
0.47μF

RF*

LEFT-
CHANNEL
AUDIO IN

RIN
25kΩ

_______________________________________________________________________功能框图



M
A

X
97

25

1V、低功耗、DirectDrive立体声耳机
放大器，带有关断功能

14 ______________________________________________________________________________________

CHARGE
PUMP

UVLO/
SHUTDOWN
CONTROL

CLICK-AND-POP
SUPPRESSION

C1N

C1P

PVSS VSS PGND SGND

( ) DENOTE BUMPS FOR UCSP.

INR

VDD

VDD

VSS

SGND

OUTR

HEADPHONE
JACK

12
(B2)

9
(C2)

10
(C1)

11
(B1)

1
(A1)

2
(A2)

5
(B4)

8
(C3)

7
(C4)

RF

RIN

CIN
1μF

CIN
1μF

RF

6
(B3)

C1
1μF

C2
1μF

0.9V TO 1.8V

C3
1μF

VSS

VDD

OUTL

SHDN

3
(A3)

INL

4
(A4)

SGND

MAX9725E

RIGHT-
CHANNEL
AUDIO IN

LEFT-CHANNEL
AUDIO IN

RIN

_____________________________________________________________________功能框图(续)
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C1N

C1P

OUTL

SINGLE
1.5V CELL
AA OR AAA
BATTERY

OUTR

SGNDRFB PGND

MAX9725E

INVERTING
CHARGE PUMP

INR

INL

VDD

PVSS

C2
VSS

C3

RFB

DirectDrive OUTPUTS
ELIMINATE DC-BLOCKING

CAPACITORS.

___________________________方框图(续) _________________________定购信息(续)

PA RT PIN- PA CK A G E T O P
M A RK 

G A IN 
( V/V) 

M AX9725BE TC+ 12 TQFN- EP* + AAE X - 1.5

MAX9725CEBC+TG45 12 U C S P + ACM - 1

M AX9725C E TC+ 12 TQFN- EP* + AAE Y - 1

MAX9725D EBC +TG45 12 U C S P + ACN - 4

M AX9725D E TC+ 12 TQFN- EP* + AAE Z - 4

MAX9725E EBC +TG45 12 U C S P + AEF AD J

M AX9725E E TC+ ** 12 TQFN- EP* + AAGH AD J

注： -40°C +85°C
+ (Pb)/ RoHS
T = 
*EP = 
** —

1 2 3

C

B

A

UCSP

TOP VIEW
(BUMP-SIDE DOWN)

4

C1N PVSS INL INR

VSSSGND

C1P VDD OUTL OUTR

PGND SHDN

TOP VIEW

THIN QFN

MAX9725

12 *EP

*EP = EXPOSED PAD.

11

+

10

4

5

PV
SS IN
L

6

C1
N

OU
TL

OU
TR

V D
D

1 2

PGND

3

9 8 7

SHDN

SGND

VSS

INR

MAX9725

C1P

____________________________________________________________________引脚配置
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12 UCSP B12-1 21-0104

12 TQFN-EP T1244-4 21-0139

PROCESS: BiCMOS china.maxim-ic.
com/packages

http://china.maxim-ic.com/packages
http://china.maxim-ic.com/packages
http://pdfserv.maxim-ic.com/package_dwgs/21-0104.PDF
http://pdfserv.maxim-ic.com/package_dwgs/21-0139.PDF
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