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PART TEMP RANGE PIN-PACKAGE

MAX1909ETI -40°C to +85°C 28 Thin QFN

MAX1909ETI+ -40°C to +85°C 28 Thin QFN

MAX8725ETI -40°C to +85°C 28 Thin QFN

MAX8725ETI+ -40°C to +85°C 28 Thin QFN
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(Circuit of Figure 1, VDCIN = VCSSP = VCSSN = 18V, VBATT = VCSIP = VCSIN = 12V, VVCTL = VICTL = 1.8V, MODE = float, ACIN = 0, CLS =
REF, GND = PGND = 0, PKPRES = GND, LDO = DLOV, TA = 0°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.)

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.

DCIN, CSSP, CSSN, SRC, ACOK to GND..............-0.3V to +30V
DHIV ........................................................…SRC + 0.3, SRC - 6V
DHI, PDL, PDS to GND ...............................-0.3V to (VSRC + 0.3)
BATT, CSIP, CSIN to GND .....................................-0.3V to +20V
CSIP to CSIN or CSSP to CSSN or PGND to GND ...-0.3V to +0.3V
CCI, CCS, CCV, DLO, IINP, REF, 

ACIN to GND ........................................-0.3V to (VLDO + 0.3V)
DLOV, VCTL, ICTL, MODE, CLS, LDO, 
PKPRES to GND...................................................-0.3V to +6V

DLOV to LDO.........................................................-0.3V to +0.3V
DLO to PGND..........................................-0.3V to (DLOV + 0.3V)
LDO Short-Circuit Current...................................................50mA
Continuous Power Dissipation (TA = +70°C)

28-Pin TQFN (derate 20.8mW/°C above +70°C) .......1666mW
Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature ......................................................+150°C
Storage Temperature Range .............................-60°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER SYMBOL CONDITIONS  MIN  TYP  MAX  UNITS

CHARGE VOLTAGE REGULATION

 VCTL Range    0   3.6  V
VVCTL = 3.6V (3 or 4 cells);
not including VCTL resistor tolerances

 -0.8   +0.8

VVCTL = 3.6V/20 (3 or 4 cells); not including
VCTL resistor tolerances

 -0.8   +0.8

VVCTL = 3.6V (3 or 4 cells); including VCTL
resistor tolerances of 1%

 -1.0   +1.0

Battery Regulation Voltage
Accuracy

VVCTL = VLDO (3 or 4 cells, default
threshold of 4.2V/cell)

 -0.5   +0.5

 %

 VVCTL Default Threshold   VVCTL rising  4.1   4.3  V
 VVCTL = 3V  0   2.5

VCTL Input Bias Current
 VDCIN = 0, VVCTL = 5V  0   12

 μA

CHARGE-CURRENT REGULATION

 MAX1909  0   3.6 ICTL Range   MAX8725  0   3.2
 V

 CSIP-to-CSIN Full-Scale Current-
Sense Voltage

   69.37  75.00  80.63  mV

 MAX1909: VICTL = 3.6V (not including ICTL
resistor tolerances)

 -7.5   +7.5

 MAX8725: VICTL = 3.2V (not including ICTL
resistor tolerances)

 -5   +5

 MAX1909: VICTL = 3.6V x 0.5, MAX8725:
VICTL = 3.2V x 0.5 (not including ICTL
resistor tolerances)

 -5   +5

 MAX1909: VICTL = 0.9V (not including ICTL
resistor tolerances)

 -7.5   +7.5

Charge-Current Accuracy

 MAX8725: VICTL = 0.18V (not including
ICTL resistor tolerances)

 -30   +30

 %
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VDCIN = VCSSP = VCSSN = 18V, VBATT = VCSIP = VCSIN = 12V, VVCTL = VICTL = 1.8V, MODE = float, ACIN = 0, CLS =
REF, GND = PGND = 0, PKPRES = GND, LDO = DLOV, TA = 0°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS  MIN  TYP  MAX  UNITS

 MAX1909: VICTL = 3.6V x 0.5, MAX8725:
VICTL = 3.2V x 0.5 (including ICTL resistor
tolerances of 1%)

 -7.0   +7.0
Charge-Current Accuracy

 VICTL = VLDO (default threshold of 45mV)  -5   +5

 %

 VICTL Default Threshold   VICTL rising  4.1  4.2  4.3  V
 BATT/CSIP/CSIN Input Voltage
Range

   0   19  V

 Charging enabled   350  650 CSIP/CSIN Input Current   Charging disabled; VDCIN = 0 or VICTL = 0   0.1  1  μA

 MAX1909    0.75 ICTL Power-Down Mode
Threshold Voltage

 
 MAX8725    0.06

 V

 MAX1909  0.85    ICTL Power-Up Mode Threshold
Voltage

 
 MAX8725  0.11   

 V

 VICTL = 3V  -1   +1
ICTL Input Bias Current  VDCIN = 0V, VICTL = 5V  -1   +1

 μA

 INPUT CURRENT REGULATION

 CSSP-to-CSSN Full-Scale
Current-Sense Voltage

   72.75  75.00  77.25  mV

 VCLS = REF  -3   +3

 VCLS = REF x 0.75  -3   +3
Input Current-Limit
Accuracy

 VCLS = REF x 0.5  -4   +4

 %

 C S S P /C S S N  Inp ut V ol tag e Rang e    8.0   28  V
 VCSSP = VCSSN = VDCIN > 8.0V   450  730

CSSP/CSSN Input Current
 VDCIN = 0   0.1  1

 μA

 CLS Input Range    1.6   REF  V
 CLS Input Bias Current   VCLS = 2.0V  -1   +1  μA

 IINP Transconductance   VCSSP - VCSSN = 56mV  2.7  3.0  3.3  mA/V

 VCSSP - VCSSN = 75mV, terminated with
10kΩ

 -7.5   +7.5

 VCSSP - VCSSN = 56mV, terminated with
10kΩ

 -5   +5IINP Accuracy

 VCSSP - VCSSN = 20mV, terminated with
10kΩ

 -10   +10

 %

 IINP Output Current   VCSSP - VCSSN = 150mV, VIINP = 0V  350    μA

 IINP Output Voltage   VCSSP - VCSSN = 150mV, VIINP = float  3.5    V
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VDCIN = VCSSP = VCSSN = 18V, VBATT = VCSIP = VCSIN = 12V, VVCTL = VICTL = 1.8V, MODE = float, ACIN = 0, CLS =
REF, GND = PGND = 0, PKPRES = GND, LDO = DLOV, TA = 0°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS  MIN  TYP  MAX  UNITS

SUPPLY AND LINEAR REGULATOR

 DCIN Input Voltage Range  VDCIN   8.0   28  V
 DCIN falling  7  7.4  DCIN Undervoltage-Lockout Trip

Point  DCIN rising   7.5  7.85
 V

 DCIN Quiescent Current  IDCIN  8.0V < VDCIN < 28V   2.7  6  mA

 VBATT = 19V, VDCIN = 0V, or ICTL = 0V   0.1  1
 VBATT = 16.8V, VDCIN = 19V, ICTL = 0V   0.1  1 BATT Input Current  IBATT

 VBATT = 2V to 19V, VDCIN > VBATT + 0.3V   200  500

 μA

 LDO Output Voltage   8.0V < VDCIN < 28V, no load  5.25  5.4  5.55  V
 LDO Load Regulation   0 < ILDO < 10mA   80  115  mV

 LDO Undervoltage-Lockout Trip
Point

  VDCIN = 8.0V  3.20  4  5.15  V

REFERENCE

 REF Output Voltage  Ref  0 < IREF < 500μA  4.2023  4.2235  4.2447  V
 REF Undervoltage-Lockout Trip
Point

  REF falling   3.1  3.9  V

TRIP POINTS

 BATT POWER_FAIL Threshold   VDCIN - VBATT, VDCIN falling  50  100  150  mV

 BATT POWER_FAIL Threshold
Hysteresis

   100  200  300  mV

 ACIN Threshold   ACIN rising  2.007  2.048  2.089  V
 ACIN Threshold Hysteresis    10  20  30  mV

 ACIN Input Bias Current   VACIN = 2.048V  -1   +1  μA

SWITCHING REGULATOR  
DHI Off-Time  V B AT T =  16.0V , V D C I N  =  19V , V M OD E  =  3.6V  360  400  440  ns

DHI Minimum Off-Time  V B AT T =  16.0V , V D C I N  =  17V , V M OD E  =  3.6V  260  300  350  ns

 DLOV Supply Current  IDLOV  DLO low   5  10  μA

 Sense Voltage for Minimum
Discontinuous Mode Ripple
Current

    7.5   mV

 Cycle-by-Cycle Current-Limit
Sense Voltage

    97   mV

 Sense Voltage for Battery
Undervoltage Charge Current

  MAX1909 only, BATT = 3.0V per cell  3  4.5  6  mV

 MAX1909 only, MODE = float (3 cell),
VBATT rising

 9.18   9.42

Battery Undervoltage Threshold
 MAX1909 only, MODE = LDO (4 cell),
VBATT rising

 12.235   12.565

 V

 DHIV Output Voltage   With respect to SRC  -4.5  -5.0  -5.5  V
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VDCIN = VCSSP = VCSSN = 18V, VBATT = VCSIP = VCSIN = 12V, VVCTL = VICTL = 1.8V, MODE = float, ACIN = 0, CLS =
REF, GND = PGND = 0, PKPRES = GND, LDO = DLOV, TA = 0°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS  MIN  TYP  MAX  UNITS

 DHIV Sink Current    10    mA

 DHI On-Resistance Low   DHI = VDHIV, IDHI = -10mA   2  5  Ω
 DHI On-Resistance High   DHI = VCSSN, IDHI = 10mA   2  4  Ω
 DLO On-Resistance High   VDLOV = 4.5V, IDLO = +100mA   3  7  Ω
 DLO On-Resistance Low   VDLOV = 4.5V, IDLO = -100mA   1  3  Ω
ERROR AMPLIFIERS

 V C TL =  3.6, V BATT =  16.8V , M OD E  =  LD O  0.0625  0.125  0.2500 GMV Loop Transconductance   V C TL =  3.6, V BATT =  12.6V , M OD E  =  FLOAT  0.0833  0.167  0.3330
 mA/V

 GMI Loop Transconductance   MAX1909: ICTL = 3.6V, MAX8725: VICTL =
3.2V, VCSSP - VCSIN = 75mV

 0.5  1  2  mA/V

 GMS Loop Transconductance   VCLS = 2.048V, VCSSP - VCSSN = 75mV  0.5  1  2  mA/V

 CCI/CCS/CCV Clamp Voltage   0.25V < VCCV < 2.0V, 0.25V < VCCI < 2.0V,
0.25V < VCCS < 2.0V

 150  300  600  mV

LOGIC LEVELS

 MODE Input Low Voltage      0.8  V
 MODE Input Middle Voltage    1.6  1.8  2.0  V
 MODE Input High Voltage    2.8    V
 MODE Input Bias Current   MODE = 0V or 3.6V  -2   +2  μA

ACOK AND PKPRES

 ACOK Input Voltage Range    0   28  V
 ACOK Sink Current   VACOK = 0.4V, ACIN = 1.5V  1    mA

 ACOK Leakage Current   VACOK = 28V, ACIN = 2.5V    1  μA

 PKPRES Input Voltage
Range

   0   LDO  V

 PKPRES Input Bias Current    -1   +1  μA

 PKPRES Battery Removal Detect
Threshold

  MAX8725, PKPRES rising  55    % of
LDO

 PKPRES Hysteresis   MAX8725   1   %
PDS, PDL SWITCH CONTROL

 PDS Switch Turn-Off Threshold   VDCIN - VBATT, VDCIN falling  50  100  150  mV

 PDS Switch Threshold Hysteresis   VDCIN - VBATT  100  200  300  mV

 PDS Output Low Voltage, PDS
Below SRC

  IPDS = 0A  8  10  12  V

 PDS Turn-On Current   PDS = SRC  6  12   mA

 PDS Turn-Off Current   VPDS = VSRC - 2V, VDCIN = 16V  10  50   mA

 PDL Switch Turn-On Threshold   VDCIN - VBATT, VDCIN falling  50  100  150  mV

 PDL Switch Threshold Hysteresis   VDCIN - VBATT  100  200  300  mV



6 _______________________________________________________________________________________

ELECTRICAL CHARACTERISTICS
(Circuit of Figure 1, VDCIN = VCSSP = VCSSN = 18V, VBATT = VCSIP = VCSIN = 12V, VVCTL = VICTL = 1.8V, MODE = float, ACIN = 0, CLS =
REF, GND = PGND = 0, PKPRES = GND, LDO = DLOV, TA = -40°C to +85°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS  MIN  TYP  MAX  UNITS

CHARGE VOLTAGE REGULATION

 VCTL Range    0   3.6  V
VVCTL = 3.6V (3 or 4 cells); not including
VCTL resistor tolerances

 -0.8   +0.8

VVCTL = 3.6V/20 (3 or 4 cells); not including
VCTL resistor tolerances

 -0.8   +0.8

VVCTL = 3.6V (3 or 4 cells); including VCTL
resistor tolerances of 1%

 -1.0   +1.0

Battery Regulation Voltage
Accuracy

VVCTL = VLDO (3 or 4 cells, default
threshold of 4.2V/cell)

 -0.8   +0.8

 %

 VVCTL Default Threshold   VVCTL rising  4.1   4.3  V
 VVCTL = 3V  0   2.5

VCTL Input Bias Current
 VDCIN = 0V, VVCTL = 5V  0   12

 μA

CHARGE-CURRENT REGULATION

 MAX1909  0   3.6 ICTL Range   MAX8725  0   3.2
 V

 CSIP-to-CSIN Full-Scale Current-
Sense Voltage

   69.37   80.63  mV

 MAX1909: VICTL = 3.6V (not including ICTL
resistor tolerances)

 -7.5   +7.5

 MAX8725: VICTL = 3.2V (not including ICTL
resistor tolerances)

 -5   +5

 MAX1909: VICTL = 3.6V x 0.5, MAX8725:
VICTL = 3.2V x 0.5 (not including ICTL
resistor tolerances)

 -5   +5

 MAX1909: VICTL = 0.9V (not including ICTL
resistor tolerances)

 -7.5   +7.5

Charge-Current Accuracy

 MAX8725: VICTL = 0.18V (not including
ICTL resistor tolerances)

 -30   +30

 %

ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VDCIN = VCSSP = VCSSN = 18V, VBATT = VCSIP = VCSIN = 12V, VVCTL = VICTL = 1.8V, MODE = float, ACIN = 0, CLS =
REF, GND = PGND = 0, PKPRES = GND, LDO = DLOV, TA = 0°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS  MIN  TYP  MAX  UNITS

 PDL Turn-On Resistance   PDL = GND  50  100  150  kΩ
 PDL Turn-Off Current   VSRC - VPDL = 1.5V  6  12   mA

 SRC = 19V, DCIN = 0V    1 SRC Input Bias Current   SRC = 19, VBATT = 16V   450  1000
 μA

 Delay Time Between PDL and
PDS Transitions

   2.5  5  7.5  μs
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VDCIN = VCSSP = VCSSN = 18V, VBATT = VCSIP = VCSIN = 12V, VVCTL = VICTL = 1.8V, MODE = float, ACIN = 0, CLS =
REF, GND = PGND = 0, PKPRES = GND, LDO = DLOV, TA = -40°C to +85°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS  MIN  TYP  MAX  UNITS

 MAX1909: VICTL = 3.6V x 0.5, MAX8725:
VICTL = 3.2V x 0.5 (including ICTL resistor
tolerances of 1%)

 -7.0   +7.0
Charge-Current Accuracy

 VICTL = VLDO (default threshold of 45mV)  -5   +5

 %

 VICTL Default Threshold   VICTL rising  4.3    V
 BATT/CSIP/CSIN Input Voltage
Range

   0   19  V

 CSIP/CSIN Input Current   Charging enabled    650  μA

 MAX1909    0.75 ICTL Power-Down Mode
Threshold Voltage

 
 MAX8725    0.06

 V

 MAX1909  0.85    ICTL Power-Up Mode Threshold
Voltage

 
 MAX8725  0.11   

 V

 INPUT CURRENT REGULATION

 CSSP-to-CSSN Full-Scale
Current-Sense Voltage

   72.75   77.25  mV

 VCLS = REF  -3   +3

 VCLS = REF x 0.75  -3   +3Input Current-Limit Accuracy

 VCLS = REF x 0.5  -4   +4

 %

 CSSP/CSSN Input Voltage Range    8.0   28  V
CSSP/CSSN Input Current  VCSSP = VCSSN = VDCIN > 8.0V    730  μA

 CLS Input Range    1.6   REF  V
 IINP Transconductance   VCSSP - VCSSN = 56mV  2.7   3.3  mA/V

 VCSSP - VCSSN = 75mV, terminated with
10kΩ

 -7.5   +7.5

 VCSSP - VCSSN = 56mV, terminated with
10kΩ

 -5   +5IINP Accuracy

 VCSSP - VCSSN = 20mV, terminated with
10kΩ

 -10   +10

 %

 IINP Output Current   VCSSP - VCSSN = 150mV, VIINP = 0V  350    μA

 IINP Output Voltage   VCSSP - VCSSN = 150mV, VIINP = float  3.5    V
SUPPLY AND LINEAR REGULATOR

 DCIN Input Voltage Range  VDCIN   8.0   28  V
 DCIN falling  7   D C IN  U nd er vol tag e- Lockout Tr i p 

P oi nt  DCIN rising    7.85
 V

 DCIN Quiescent Current  IDCIN  8.0V < VDCIN < 28V    6  mA

 BATT Input Current  IBATT  VBATT = 2V to 19V, VDCIN > VBATT + 0.3V    500  μA

 LDO Output Voltage   8.0V < VDCIN < 28V, no load  5.25   5.55  V
 LDO Load Regulation   0 < ILDO < 10mA    115  mV
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VDCIN = VCSSP = VCSSN = 18V, VBATT = VCSIP = VCSIN = 12V, VVCTL = VICTL = 1.8V, MODE = float, ACIN = 0, CLS =
REF, GND = PGND = 0, PKPRES = GND, LDO = DLOV, TA = -40°C to +85°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS  MIN  TYP  MAX  UNITS

 LDO Undervoltage-Lockout Trip
Point

  VDCIN = 8.0V  3.20   5.15  V

REFERENCE

 REF Output Voltage  Ref  0 < IREF < 500μA  4.1960   4.2520  V
 REF Undervoltage-Lockout Trip
Point

  REF falling    3.9  V

TRIP POINTS

 BATT POWER_FAIL Threshold   VDCIN - VBATT, VDCIN falling  50   150  mV

 BATT POWER_FAIL Threshold
Hysteresis

   100   300  mV

 ACIN Threshold   ACIN rising  2.007   2.089  V
 ACIN Threshold Hysteresis    10   30  mV

SWITCHING REGULATOR  
DHI Off-Time  VBATT = 16.0V, VDCIN = 19V, VMODE = 3.6V  360   440  ns

DHI Minimum Off-Time  VBATT = 16.0V, VDCIN = 17V, VMODE = 3.6V  260   350  ns

 DLOV Supply Current  IDLOV  DLO low    10  μA

 Sense Voltage for Battery
Undervoltage Charge Current

  MAX1909 only, BATT = 3.0V per cell  3   6  mV

 MAX1909 only, MODE = float (3 cell),
VBATT rising

 9.18   9.42

Battery Undervoltage Threshold
 MAX1909 only, MODE = LDO (4 cell),
VBATT rising

 12.235   12.565

 V

 DHIV Output Voltage   With respect to SRC  -4.5   -5.5  V
 DHIV Sink Current    10    mA

 DHI On-Resistance Low   DHI = VDHIV, IDHI = -10mA    5  Ω
 DHI On-Resistance High   DHI = VCSSN, IDHI = 10mA    4  Ω
 DLO On-Resistance High   VDLOV = 4.5V, IDLO = +100mA    7  Ω
 DLO On-Resistance Low   VDLOV = 4.5V, IDLO = -100mA    3  Ω
ERROR AMPLIFIERS

 V C TL =  3.6, V BATT =  16.8V , M OD E  =  LD O  0.0625   0.2500 GMV Loop Transconductance  
 V C TL =  3.6, V BATT =  12.6V , M OD E  =  FLOAT  0.0833   0.3330

 mA/V

 GMI Loop Transconductance   MAX1909: ICTL = 3.6V, MAX8725: VICTL =
3.2V, VCSSP - VCSIN = 75mV

 0.5   2.0  mA/V

 GMS Loop Transconductance   VCLS = 2.048V, VCSSP - VCSSN = 75mV  0.5   2.0  mA/V

 CCI/CCS/CCV Clamp Voltage   0.25V < VCCV < 2.0V, 0.25V < VCCI < 2.0V,
0.25V < VCCS < 2.0V

 150   600  mV

LOGIC LEVELS

 MODE Input Low Voltage      0.8  V
 MODE Input Middle Voltage    1.6   2.0  V
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VDCIN = VCSSP = VCSSN = 18V, VBATT = VCSIP = VCSIN = 12V, VVCTL = VICTL = 1.8V, MODE = float, ACIN = 0, CLS =
REF, GND = PGND = 0, PKPRES = GND, LDO = DLOV, TA = -40°C to +85°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS  MIN  TYP  MAX  UNITS

 MODE Input High Voltage    2.8    V
ACOK AND PKPRES

 ACOK Input Voltage Range    0   28  V
 ACOK Sink Current   VACOK = 0.4V, ACIN = 1.5V  1    mA

 PKPRES Input Voltage Range    0   LDO  V
 PKPRES Battery Removal Detect
Threshold

  MAX8725, PKPRES rising  55    % of
LDO

PDS, PDL SWITCH CONTROL

 PDS Switch Turn-Off Threshold   VDCIN - VBATT, VDCIN falling  50   150  mV

 P D S  S w i tch Thr eshol d  H yster esi s   VDCIN - VBATT  100   300  mV

 PDS Output Low Voltage, PDS
Below SRC

  IPDS = 0A  8   12  V

 PDS Turn-On Current   PDS = SRC  6    mA

 PDS Turn-Off Current   VPDS = VSRC - 2V, VDCIN = 16V  10    mA

 PDL Switch Turn-On Threshold   VDCIN - VBATT, VDCIN falling  50   150  mV

 P D L S w i tch Thr eshol d  H yster esi s   VDCIN - VBATT  100   300  mV

 PDL Turn-On Resistance   PDL = GND  50   150  kΩ
 PDL Turn-Off Current   VSRC - VPDL = 1.5V  6    mA

 SRC Input Bias Current   SRC = 19, VBATT = 16V    1000  μA

Note 1: Guaranteed by design. Not production tested.

BATTERY INSERTION
AND REMOVAL RESPONSE

MAX1909/MAX8725 toc01

500μs/div

1V

0V

2V

3V

16V

17V

0A

0A
IIN

IBATT

VBATT

VCCI, VCCV

5A/div

5A/div

VCCI

VCCV

VCCV

VCCV

VCCI

VCCI

SYSTEM LOAD-TRANSIENT RESPONSE
MAX1909/MAX8725 toc02

100μs/div

1V

0V

2V

3V

5A

5A

0A

5A

0A

0A
IBATT

IIN

ISYSTEMLOAD

VCCS

VCCI

CCS

CCI

(Circuit of Figure 2, VDCIN = 20V, charge current = 3A, 4 Li+ series cells, TA = +25°C, unless otherwise noted.)
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LDO LOAD REGULATION
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LINE-TRANSIENT RESPONSE
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1 CCV pole

Lowest frequency pole created by CCV and GMV’s finite output
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exact value for the pole frequency is also not well controlled
(ROGMV > 10MΩ).

2 CCV zero

Voltage-loop compensation zero. If this zero is at the same
frequency or lower than the output pole fP_OUT, then the loop
transfer function approximates a single pole response near the
crossover frequency. Choose CCV to place this zero at least one
decade below crossover to ensure adequate phase margin.

3 Output pole
Output pole formed with the effective load resistance RL and the
output capacitance COUT. RL influences the DC gain but does not
affect the stability of the system or the crossover frequency.

4 Output zero

Output ESR Zero. This zero can keep the loop from crossing unity
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REFERENCE QTY DESCRIPTION

C1, C4 2

22μF ±20%, 35V E-size low-ESR
tantalum capacitors
AVX TPSE226M035R0300
Kemet T495X226M035AS

C5, C15 2

1μF ±10%, 25V, X7R ceramic capacitors
(1206)
Murata GRM31MR71E105K
Taiyo Yuden TMK316BJ105KL
TDK C3216X7R1E105K

C9, C10 2

0.01μF ±10%, 25V, X7R ceramic
capacitors (0402)
Murata GRP155R71E103K
TDK C1005X7R1E103K

C11, C14,
C17

3

0.1μF ±10%, 25V, X7R ceramic
capacitors (0603)
Murata GRM188R71E104K
TDK C1608X7R1E104K

C12, C13,
C16

3

1μF ±10%, 6.3V, X5R ceramic
capacitors (0603)
Murata GRM188R60J105K
Taiyo Yuden JMK107BJ105KA
TDK C1608X5R1A105K

D4 1

Schottky diode, 0.5A, 30V SOD-123
Diodes Inc. B0530W
General Semiconductor MBR0530
ON Semiconductor MBR0530

D5 1
25V ±1% zener diode
CMDZ5253B

L1 1
10μH, 4.4A inductor
Sumida CDRH104R-100NC
TOKO 919AS-100M

REFERENCE QTY DESCRIPTION

N1/P1 1

Dual n- and p-channel MOSFETs, 7A,
30V and -5A, -30V, 8-pin SO, MOSFET
Fairchild FDS8958A or
Single n-channel MOSFETs, +13.5A,
+30V FDS6670S and
Single p-channel MOSFETs, -13.5A,
-30V FDS66709Z

P2, P3, P4 3
Single, p-channel, -11A, -30V, 8-pin SO
MOSFETs
Fairchild FDS6675

R4 1 100kΩ, ±5% resistor (0603)

R5, R9, R21 2 10kΩ ±1% resistors (0603)

R6 1 590kΩ ±1% resistor (0603)

R7 1 196kΩ ±1% resistor (0603)

R8 1 1MΩ ±5% resistor (0603)

R11 1 1kΩ ±5% resistor (0603)

R16 1 33Ω ±5% resistor (0603)

R19, R20 2 10kΩ ±5% resistors (0603)

RS1 1
0.01Ω ±1%, 0.5W sense resistor (2010)
Vishay Dale WSL2010 0.010 1.0%
IRC LRC-LR2010-01-R010-F

RS2 1
0.015Ω ±1%, 0.5W sense resistor (2010)
Vishay Dale WSL2010 0.015 1.0%
IRC LRC-LR2010-01-R015-F

U1 1
MAX1909ETI/MAX8725ETI (28-pin thin
QFN-EP)
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ΔIL = VBATT tOFF / L

tOFF = 2.5μs (VDCIN - VBATT) / VDCIN

VBATT < 0.88 VDCIN

tOFF = 0.3μs VBATT > 0.88 VDCIN

Δ

°

Ω

μ

—
I I

V V V

VRMS CHG
BATT DCIN BATT

DCIN
=

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

−( )



______________________________________________________________________________________ 29

TRANSISTOR COUNT: 2720

PROCESS: BiCMOS
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