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ABSOLUTE MAXIMUM RATINGS

DCIN, CVS, CSSP, CSSN, LXt0 GND..........c..c.c... -0.3V to +30V
CSSP to CSSN, CSIP to CSIN .....ccceiiiiiiiiiiiie -0.3Vto +0.3V
PDS, PDL t0 GND ........cccccevuinnes ...-0.3Vto (Vcssp + 0.3V)

BST to LX.... PPN -0.3V to +6V
DHIO LX coovevereeeeeceeeeeien, ..-0.3V to (VsT + 0.3V)
CSIP, CSIN, BATTtO GND ....ovveeviiieeeeeieeeeeeveeeees -0.3V to +22V
LDOto GND.......ccccuvrrreees -0.3V to (lower of 6V or Vpcin + 0.3V)
DLO t0 GND ..o -0.3V to (VpLov + 0.3V)

REF, DAC, CCV, CCl, CCS, CLS to GND ....-0.3V to (VLpo + 0.3V)

Vpp, SCL, SDA, INT, DLOV to GND.......cccc0eeeeeunnnee. -0.3V to +6V
THM O GND ...ttt 0.3V to (Vpp + 0.3V)
PGND t0 GND ...oooeiitiiieeecieee e -0.3V to +0.3V
LDO ContinuUoUs CUITENL.......ccuvvveeeeciieee et 50mA

Continuous Power Dissipation (Ta = +70°C)
28-Pin QSOP (derate 10.8mW/°C above +70°C)......... 860mwW

Operating Temperature Range ...........ccceeeeeenee. -40°C to +85°C
Storage Temperature...........ccoceeevevireiieniieeenne, -60°C to +150°C
Lead Temperature (soldering, 10S) .........ccocceeeiiiiieieeannnnns +300°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.

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, Vpp = +3.3V, VeaTT = +16.8V, VpcIN = +18V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at

Ta = +25°C.)
PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
GENERAL SPECIFICATIONS
DCIN Typical Operating Range VDCIN 8 28 \Y
DCIN Supply Current IDCIN 8V < VpcIN < 28V 1.7 6 mA
DCIN Supply Current Charging
Inhibited 8V < Vpcin < 28V 0.7 2 mA
DCIN risin 7.5 7.85
DCIN Undervoltage Threshold \S/\\iafcnhQSC_PRESENT 5CIN fall 9 7 =2 Vv
alling .
LDO Output Voltage VDO 8V < VpcIN <28V, 0 < I po < 15mA 5.15 5.4 5.65 Y
Vpp Input Voltage Range
(Note 1) 8V < VpcIN < 28V 2.8 5.65 Y
- Vpp risin 2.55 2.8
Vpp Undervoltage Threshold When the SMB res bb - 9 \%
ponds to commands | vpp falling 21 25
Vpp Quiescent Current IbD 35<DXD=C|5'\\I/< 6V, Vbp =5V, VscL =5V, 80 150 HA
REF Output Voltage VREF 0 < IRer < 200pA 4.066 4.096 4.126 \%
BATT Undervoltage Threshold When IcharGE drops to 128mA 24 o8 v
(Note 2)
PDS Charging Source Switch .
Turn-Off Threshold Vpps-oFF | Vcvs referred to VBaTT, Vevs falling 50 100 150 mv
PDS Charging Source Switch
Threshold Hysteresis Vpps-HYS | Vcvs referred to VBATT 100 200 300 mvV
PDS Output Low Voltage, PDS _
Below CSSP IpDs = 0 8 10 12 v
PDS Turn-On Current PDS = CSSP 100 150 300 HA
PDS Turn-Off Current Vpps = Vessp - 2V, VpeiN = 16V 10 50 mA
PDL Load Switch Turn-Off .
Threshold VppL-OFF | Vcvs referred to VBaTT, Vcvs rising -150 -100 -50 mV
2 MAXI/V
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vpp = +3.3V, VBaTT = +16.8V, VpcIN = +18V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at

Ta = +25°C))
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
PDL Load Switch Threshold
Hysteresis VpDL-HYS | Vcvs referred to VBaATT 100 200 300 mv
PDL Turn-Off Current VcssN - VepL = 1V 6 12 mA
PDL Turn-On Resistance PDL to GND 50 100 150 kQ
CVS Input Bias Current Vcvs = 28V 6 20 LA
ChargingVoltage() = 0x41A0 16.666 16.8 16.934
ChargingVoltage() = 0x3130 12.492 12592 12.692
BATT Full-Charge Voltage VO - \
ChargingVoltage() = 0x20D0 8.333 8.4 8.467
ChargingVoltage() = 0x1060 4150 4.192 4.234
ChargingCurrent() =
O0XOBCO 2.798 3.008 3.218 A
BATT Charge Current (Note 3) 10 Rcs = 50mQ CharaingC 0
argingCurrent() =
0x0080 61.6 128 194.4 mA
DCIN Source Current Limit _ Vcis = 4.096V 4714 512 5.526
Rcss = 40mQ A
(Note 3) VcLs = 2.048V 2.282 2.56 2.838
MAX1645 VBATT = 1V, 20 128 200
BATT Undervoltage Charge Rcsi = 50mQ mA
Current VBATT = 1V,
MAX1645A Res| = 50mQ 61.6 128 194.4
BATT/CSIP/CSIN Input Voltage 0 20 v
Range
Total BATT Input Bias Current Total of IgaTT, Icsip, and Icsi; 700 700 LA
VeaTT = 0 to 20V
. Total of IsaTT, Icsip, and IcsiN;
Total BATT Quiescent Current VBATT = 0 to 20V, charge inhibited 100 100 HA
Total of IsaTT, Icsip, and IcsiN; )
Total BATT Standby Current VBATT = 0 t0 20V, Vbein = 0 5 5 HA
CSSP Input Bias Current Vcssp = VessN = Vpein = 0 to 28V -100 540 1000 HA
CSSN Input Bias Current Vcssp = CcssN = Vpein = 0 to 28V -100 35 100 mA
CSSP/CSSN Quiescent Current Vcssp = Vessn = 28V, Vpein =0 -1 1 MA
ggtifry Voltage-Error Amp DC From BATT to CCV 200 500 VIV
CLS Input Bias Current VcLs = VREF/2 to VREE -1 0.05 1 HA
Battery Voltage-Error Amp From BATT to CCV, ChargingVoltage() =
Transconductance 0x41A0, VeaTT = 16.8V 0111 0.222 0.444 | pA/mv
Battery Current-Error Amp From CSIP/SCIN to CCI, ChargingCurrent() = 05 1 2 AV
Transconductance 0x0BCO, Vcsip - Vesin = 150.4mV ’ H
Input Current-Error Amp From CSSP/CSS_N to CCS, VcLs = 2.048V, 05 1 2 UA/MV
Transconductance Vcssp - Vessn = 102.4mV
CCVICCI/CCS Clamp Voltage Veey = Ve = Vees = 0.25V to 2V 150 300 600 | mv
(Note 4)
AXIMW 3
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vpp = +3.3V, VBaTT = +16.8V, VpcIN = +18V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at
Ta = +25°C.)

PARAMETER ’ SYMBOL ’ CONDITIONS MIN TYP MAX | UNITS
DC-TO-DC CONVERTER SPECIFICATIONS
Minimum Off-Time toFF 1 1.25 1.5 us
Maximum On-Time toN 5 10 15 ms
Maximum Duty Cycle 99 99.99 %
LX Input Bias Current VDCIN = 28V, VBATT = ViLx = 20V 200 500 HA
LX Input Quiescent Current VpcINn =0, VBATT = ViLx = 20V 1 HA
BST Supply Current DHI high 6 15 HA
DLOV Supply Current VpLov = VLpo, DLO low 5 10 HA
Inductor Peak Current Limit Rcsi = 50mQ 5.0 6.0 7.0 A
DHI Output Resistance DHI high or low, Vst - VL.x = 4.5V 6 14 Q
DLO Output Resistance DLO high or low, VpLov = 4.5V 6 14 Q
THERMISTOR COMPARATOR SPECIFICATIONS

=49 0

THM Input Bias Current x;‘*DM: 22@ fof ;/%%\t/o 96% of Voo, 1 1 WA
Thermistor Overrange Threshold Vpp = 2.8V to 5.65V, VTHm falling 89.5 91 92.5 |% of Vpp
Thermistor Cold Threshold Vpp = 2.8V to 5.65V, V1um falling 74 75.5 77 |% of Vpp
Thermistor Hot Threshold Vpp = 2.8V to 5.65V, V1Hm falling 22 235 25 |%of Vpp
mfer?h'zfgr Underrange VDD = 2.8V 10 5.65V, Vi falling 6 75 9 |%ofVpp
$Ef£$§3f;§$§£or All 4 comparators, Vpp = 2.8V to 5.65V 1 % of Vbp
SMB INTERFACE LEVEL SPECIFICATIONS (Vpp = 2.8V to 5.65V)
SDA/SCL Input Low Voltage 0.6 \
SDA/SCL Input High Voltage 1.4 \
SDAJ/SCL Input Hysteresis 220 mV
SDAJ/SCL Input Bias Current -1 1 HA
SDA Output Low Sink Current Vspa = 0.4V 6 mA
INT Output High Leakage VINT = 5.65V 1 PA
TNT Output Low Voltage INT = 1mA 25 200 mv
SMB INTERFACE TIMING SPECIFICATIONS (Vpp = 2.8V to 5.65V, Figures 4 and 5)
SCL High Period tHIGH 4 us
SCL Low Period tLow 4.7 us
2gan2t g(C)Edmon Setup Time tSUSTA 47 us
Start Condition Hold Time {HD:STA 4 us
from SCL
SDA Setup Time from SCL tSU:DAT 250 ns
SDA Hold Time from SCL tHD:DAT 0 ns

4 MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vpp = +3.3V, VBaTT = +16.8V, VpcIN = +18V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at

Ta = +25°C.)
PARAMETER SYMBOL CONDITIONS MIN MAX | UNITS
SDA Output Data Valid from SCL tov 1 ps
Maximum Charge Period
Without a ChargingVoltage() or twDT 140 210 S
Charging Current() Loaded

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, Vpp = +3.3V, VBaATT = +16.8V, VpcIN = +18V, Ta =-40°C to +85°C, unless otherwise noted. Guaranteed by design.)

PARAMETER | sYmBOL | CONDITIONS MIN MAX | UNITS

GENERAL SPECIFICATIONS

DCIN Typical Operating Range VDCIN 8 28 \Y
DCIN Supply Current IDcIN 8V < VpcIN < 28V 6 mA
DCIN Supply Current Charging

Inhibited 8V < VpcIN < 28V 2 mA

DCIN risin 7.85
DCIN Undervoltage Threshold \S/\\iatecnhésC_PRESENT SCIN fall 9 5 \%
alling

LDO Output Voltage VLDO 8V < VpcIN <28V, 0 < I po < 15mA 5.15 5.65 V
Vpp Input Voltage Range

(Note 1) 8V < VpcIN < 28V 2.8 5.65 V

. Vpp risin 2.8
Vpp Undervoltage Threshold When the SMB res bb - 9 Y
ponds to commands | vpp falling 21

Vpp Quiescent Current IbD SS;XD:C%'\\‘f 6V, Vbp =5V, VscL =5V, 150 pA
REF Output Voltage VREF 0 < IRer < 200pA 4.035 4.157 \%
BATT Undervoltage Threshold When IcharGE drops to 128mA 24 28 v
(Note 2)

PDS Charging Source Switch .

Turn-Off Threshold Vpps-oFr | Vevs referred to VeaTT, Vevs falling 50 150 mvV
PDS Charging Source Switch

Threshold Hysteresis VPDS-HYs | Vevs referred to VBaTT 100 300 mv
PDS Output Low Voltage, PDS _

Below CSSP lpDs =0 8 12 v
PDS Turn-On Current PDS = CSSP 100 300 HA
PDS Turn-Off Current Vpps = Vessp - 2V, Vpein = 16V 10 mA
PDL Load Switch Turn-Off -

Threshold VppL-OFF | Vcvs referred to VBaTT, Vcvs rising -150 -50 mV
PDL Load Switch Threshold

Hysteresis VpDL-HYS | Vcvs referred to VBaTT 100 300 mV
PDL Turn-Off Current VcssN - VepL = 1V 6 mA
MAXI/W 5
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vpp = +3.3V, VBaATT = +16.8V, VpcIN = +18V, Ta =-40°C to +85°C, unless otherwise noted. Guaranteed by design.)

MAX1645/MAX1645A

PARAMETER SYMBOL CONDITIONS MIN MAX | UNITS
PDL Turn-On Resistance PDL to GND 50 150 kQ
CVS Input Bias Current Vcvs = 28V 20 HA
ERROR AMPLIFIER SPECIFICATIONS
ChargingVoltage() = 0x41A0 16.532 17.068
ChargingVoltage() = 0x3130 12.391 12.793
BATT Full-Charge Voltage VO - \
ChargingVoltage() = 0x20D0 8.266 8.534
ChargingVoltage() = 0x1060 4,124 4.260
ChargingCurrent() =
OXOBCO 2.608 3.408 A
BATT Charge Current (Note 3) 10 Rcs = 50mQ
ChargingCurrent() =
0x0080 15.2 240.8 mA
DCIN Source Current Limit _ Vcis = 4.096V 4.358 5.882
Rcss = 40mQ A
(Note 3) VcLs = 2.048V 2.054 3.006
BATT Undervoltage Charge _ _
Current VBaATT = 1V, Rcs) = 50mQ 20 200 mA
BATT/CSIP/CSIN Input Voltage 0 20 v
Range

Total of IsaTT, Icsip, and Icsin;

Total BATT Input Bias Current VBATT = 0 to 20V -700 700 pA
Total BATT Quiescent Current Total of IgatT, Icsip, and Icsin; -100 100 LA
VBaTT = 0 to 20V, charge inhibited
Total BATT Standby Current \T/ZTTITC)];I%%T’Z(I)?/?ICD?:TS 'zc(s)“\“ 5 5 WA
CSSP/Input Bias Current Vcssp = VessN = Vpein = 28V -100 1000 HA
CSSN Input Bias Current Vcssp = VessN = Vpein = 28V -100 100 HA
CSSP/CSSN Quiescent Current Vcssp = Vessn = 28V, Vpein =0 -1 1 HA
gztitnery Voltage-Error Amp DC From BATT to CCV 200 VIV
CLS Input Bias Current VcLs = VREF/2 to VREF -1 1 pA
Dater vatege Eror Ao o SATT 0 SOV Crrong\Otag0 = | 11y oass | yamy
Battery Current-Error Amp From CSIP/CSIN to CCE ChargingCurrent() = 05 2 WAJMV
Transconductance 0x0BCO, Vcsip -VesiN = 150.4mV
Input Current-Error Amp From CSSP/CSS_N to CCS, VcLs = 2.048V, 05 5 HA/MV
Transconductance Vcssp - VessN = 102.4mV
(CI\IC()\{é Cﬂg" CCS Clamp Voltage Veey = Veer = Vees = 0.25V to 2V 150 600 | mv
DC-TO-DC CONVERTER SPECIFICATIONS
Minimum Off-Time toFE 1 1.5 ps
Maximum On-Time toN 5 15 ms
Maximum Duty Cycle 99 %

6 MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vpp = +3.3V, VBATT = +16.8V, VpcIN = +18V, Ta = -40°C to +85°C, unless otherwise noted. Guaranteed by design.)

PARAMETER SYMBOL CONDITIONS MIN MAX | UNITS
LX Input Bias Current VpcIN = 28V, VBATT = VLx = 20V 500 HA
LX Input Quiescent Current VpciIN = 0, VBATT = ViLx = 20V 1 HA
BST Supply Current DHI high 15 pA
DLOV Supply Current VpLov = VLpo, DLO low 10 HA
Inductor Peak Current Limit Rcs) =50mQ 5.0 7.0 A
DHI Output Resistance DHI high or low, VBsT - VLx = 4.5V 14 Q
DLO Output Resistance DLO high or low, VpLov = 4.5V 14 Q
THERMISTOR COMPARATOR SPECIFICATIONS
THM Input Bias Current x;';M::;;@ g g/%%\tlo 96% of Voo, -1 1 HA
Thermistor Overrange Threshold Vpp = 2.8V to 5.65V, VTHwm falling 89.5 925 |% of Vpp
Thermistor Cold Threshold Vpp = 2.8V to 5.65V, V1ywm falling 74 77 |% of Vpp
Thermistor Hot Threshold Vpp = 2.8V to 5.65V, Vtym falling 22 25 |% of Vpp
mfé;“h'z}zr Underrange VDD = 2.8V to 5.65V, VT falling 6 9 |%of Vop
SMB INTERFACE LEVEL SPECIFICATIONS (Vpp = 2.8V to 5.65V)
SDA/SCL Input Low Voltage 0.6 \Y
SDA/SCL Input High Voltage 14 \Y
SDA/SCL Input Bias Current -1 1 HA
SDA Output Low Sink Current Vspa = 0.4V 6 mA
TNT Output High Leakage VINT = 5.65V 1 HA
TNT Output Low Voltage ITNT = 1mA 200 mv
SMB INTERFACE TIMING SPECIFICATIONS (Vpp = 2.8V to 5.65V, Figures 4 and 5)
SCL High Period tHIGH 4 us
SCL Low Period tLow 4.7 us
fSrLar:]t gCoEdmon Setup Time tSUSTA 47 us
Start Condition Hold Time {HD:STA 4 us
from SCL
SDA Setup Time from SCL tSU:DAT 250 ns
SDA Hold Time from SCL tHD:DAT 0 ns

MAXIN 7
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vpp = +3.3V, VBaATT = +16.8V, VpcIN = +18V, Ta =-40°C to +85°C, unless otherwise noted. Guaranteed by design.)

PARAMETER SYMBOL CONDITIONS MIN MAX | UNITS
SDA Output Data Valid ¢ 1 S
from SCL DV K

Maximum Charge Period
Without a ChargingVoltage() or twDT 140 210 S
Charging Current() loaded

MAX1645/MAX1645A

Note 1: Guaranteed by meeting the SMB timing specs.

Note 2: The charger reverts to a trickle-charge mode of IcHARGE = 128mA below this threshold.

Note 3: Does not include current-sense resistor tolerance.

Note 4: Voltage difference between CCV, and CCIl or CCS when one of these three pins is held low and the others try to pull high.

ogodood
(Circuit of Figure 1, VpcIN = 20V, Ta = +25°C, unless otherwise noted.)
LOAD-TRANSIENT RESPONSE LOAD-TRANSIENT RESPONSE
(BATTERY REMOVAL AND REINS%BXBS’!) (STEP IN LOAD CURRENT) LDO LINE REGULATION
- loc( 16\/ MAX1645 toc02 4A 5I60 o
E ¥ '\ PRI N S lLoap =0 E
S | EERE . . g 14y -~ L 2A g
= | - o [N 3 W— e > :
, : oo ey S : ] 0 550
‘ * CCs B
. rovrrereed . ! 1A A | . 5.45
e F — { = —_—
S PR . p— | :;Z: . |.I.i-—\.-.—\-l-\.'ﬂ'-\nf\_'-l_ ; oA 2 540 T
s ES - ] cel | o & =
— . : - 15V (S . (_:C|_ i | | Y 5.35
8 cev scel cev ke -
= Ty = | !
> w\ : | v 8 el e 1V 5.30
L corfy o cel = ccs ccs
IR e - .. losv 595
: —— 0 5.20
BATTERY REMOVED 2MS/diV BATTERY INSERTED 1ms/div 5 10 15 20 25 30
ChargingVoltage() = 15000mV ChargingCurrent() = 3008mA Voein (V)
ChargingCurrent() = 2000mA VgarT = 16V
LOAD STEP: 0ATO 2A
Isource LIMIT = 2.5A
REFERENCE VOLTAGE
LDO LOAD REGULATION REFERENCE VOLTAGE LOAD REGULATION vs. TEMPERATURE
5.60 3 4100 s 4110 g
555 g Z g
: 4,008 : 4105 :
550
4100
< 545 = 4096 s N
2 ~— B — i 4,095 AN
S840 P —— 5 T — = N
4094 —
535 —] 2090 >
530
4092 4085
525
520 4.090 4.080
0 2 4 6 8 10 12 14 16 18 20 0 50 100 150 200 250 300 40 20 0 20 40 60 80 100
LOAD CURRENT (mA) LOAD CURRENT (piA) TEMPERATURE (°C)
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(Circuit of Figure 1, VpcIN = 20V, Ta = +25°C, unless otherwise noted.)

EFFICIENCY vs. BATTERY CURRENT EFFICIENCY vs. BATTERY CURRENT
(VOLTAGE-CONTROL LOOP) (CURRENT-CONTROL LOOP) OUTPUT VI CHARACTERISTICS
100 nE 100 ® 0.001 2
% 53 % /] o A
i E £ & g
90 l// E 90 // Bl = E
Q
85 / 85 V = oo
g g 2
gl s 80 H =
8} 8} =
g 7 & 7 5 01 \\
] ] o ™~
E 70 £ 70 = —~
] L § I
65 65 |
s 10
60 60 S ‘
o .
55 |A: Vpein = 20V, ChargingVoltage() = 16.8V 55 |A: Vpon = 20V, VparT = 16.8V ChargingVoltage() = 16,800mv
5 B: Vpciy = 16V, ChargingVoltage() = 8.4V 5 B: Vpci = 16V, VgarT = 8.4V " CharqlngCur{ent() = 3008mA
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 3500
BATTERY CURRENT (mA) ChargingCurrent() (CODE) LOAD CURRENT (mA)
BATT VOLTAGE ERROR CURRENT-SETTING ERROR
vs. ChargingVoltage() CODE vs. ChargingCurrent() CODE
03 3 > 5
0.2 | 3 2
o \ ; 2
Qe 01 \ =] )
o o
o \ Vet o (T
2 0 \V /~,"‘ s 0
<) 2 -1
Z .01 ° |
5 = |l
3 H
02
IgatT =0 -4 | Vearr =126V
MEASURED AT AVAILABLE CODES MEASURED AT AVAILABLE CODES
0.3 5
0000 4000 8000 12000 16000 20000 0 500 1000 1500 2000 2500 3000
ChargingVoltage() (CODE) ChargingCurrent() (CODE)
SOURCE/BATT CURRENT vs. LOAD CURRENT SOURCE/BATT CURRENT vs. VBATT
WITH SOURCE CURRENT LIMIT WITH SOURCE CURRENT LIMIT
30 g 3.0 g
3 Iy : =< Iin -
S 25 = 25
2 £ \
3 20 N 3 20 \
— =
E AN 5 \
@ 15 < 15 AN
S Vews =2V \ S ILoap = 2A \
S |, |Ress=40me N S 1o Pas= L]
& 7 |Vearr=168V \'BATT @ 7 |Ress =40mQ ST
SOURCE CURRENT LIMIT = 2.5A N 05 7Charg!ngVoItage() =18,432mV T~~~
0.5 T ChargingCurrent() = 3008mA > [ ChargingCurrent() = 3008mA
ChargingVoltage() = 18,432mV 0 SOL‘JRCE‘CUR‘RENT‘ LIM!T = %.SA
0 ‘ ‘ ‘
0 05 10 15 20 25 0 2 4 6 8 10 12 14 16 18 20
LOAD CURRENT (A) Veart (V)
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MAX1645/MAX1645A

good
oo od ooo
1 DCIN pDCcOoOo0OoOo
2 LDO 54vO00000000000C0COO1wOOCOOOGNDOOCOOOODOOOOO
3 CLS ooooooooooo
4 REF 4.096vO000000000O
5 CCS goboboobocooooobooocecsoeNDOOOo.O1pFO0oooooooooonn
6 CCl oooooOoOooOo0oOoboboooOooOoOoccoeNDOOOo.opFO0O 000000 ooooon
7 cev O00oO0o00OO0O00O000000O00010kQO00O0.01yFO0 00000000 O0OGNDOOOOD
oooo
8 GND oooo
9 BATT oooooooo
10 DAC DACOCOOO
11 Vbbp 000000000000 (2.8v05.65V)
12 THM ooooooooo
13 SCL sMBOOOOOO
14 SDA sMBOOOOO/O0O0O0O0O0O000O0O0O0OOO0DOOODOOOOOOOOO0O
15 INT oooooooooooooooboOoOoOOoOoOOOooooboooDoo
16 PDL pMosSOOOO0OOOOO0OODO
17 CSIN ooooooooooo
18 CSIP ooooooooooo
19 PGND |ODOOOOO
20 DLO oooooNMosOOCOOOD
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a) Write-Word Format
LOW HIGH
S ASIISAR\IQES W [ ACK COE’;AY'\{:_'?‘END ACK DATA ACK DATA ACK | P
BYTE BYTE
7 bits 1b | 1b 8 bits 1b 8 bits 1b 8 bits 1b
MSB LSB 0 0 MSB LSB 0 MSB LSB 0 MSB LSB 0
Preset to ChargerMode() = 0x12 D7 DO D15 D8
0b0001001 ChargingCurrent() = 0x14
ChargerVoltage() = 0x15
AlarmWarning() = 0x16
b) Read-Word Format
LOW HIGH
SLAVE COMMAND SLAVE
S W |ACK ACK| S R [ACK DATA ACK DATA NACK| P
ADDRESS BYTE ADDRESS BYTE BYTE
7 bits 1b| 1b 8 bits 1b 7 bits 1b| 1b 8 bits 1b 8 bits 1b
MSB LSB| O 0 MSB LSB 0 MSB LSB| 1 0 MSB LSB 0 MSB LSB 1
Preset to ChargerSpecinfo() = Preset to D7 DO D15 D8
0b0001001 0x11 0b0001001
ChargerStatus() =
0x13
Legend:
S = Start Condition or Repeated Start Condition P = Stop Condition
ACK = Acknowledge (logic low) NACK = NOT Acknowledge (logic high)
W = Write Bit (logic low) R = Read Bit (logic high)
MASTER TO SLAVE
SLAVE TO MASTER

0 3. SMBus a) Write-WordD 0 b) Read-WordD 0 0 0O O
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0 1. ChargerSpeclinfo()

BIT NAME DESCRIPTION
0 CHARGER_SPEC Returns a “1” for Version 1.0
1 CHARGER_SPEC Returns a “0” for Version 1.0
2 CHARGER_SPEC Returns a “0” for Version 1.0
3 CHARGER_SPEC Returns a “0” for Version 1.0
4 SELECTOR_SUPPORT Returns a “0,” indicating no smart battery selector functionality
5 Reserved Returns a “0”
6 Reserved Returns a “0”
7 Reserved Returns a “0”
8 Reserved Returns a “0”
9 Reserved Returns a “0”
10 Reserved Returns a “0”
11 Reserved Returns a “0”
12 Reserved Returns a “0”
13 Reserved Returns a “0”
14 Reserved Returns a “0”
15 Reserved Returns a “0”

Command: 0x11

MAXIN
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0 2. ChargerMode()

Q BIT NAME DESCRIPTION
@ 0* = Allow normal operation; clear the CHG_INHIBITED flip-flop.
Fl 0 INHIBIT_CHARGE 1 = Turn off the charger; set the CHG_INHIBITED flip-flop.

The CHG_INHIBITED flip-flop is not affected by any other commands.
é 1 ENABLE_POLLING Not implemented

0 = No change.
E 2 POR RESET 1 = Change the ChargingVoltage() to OXFFFF and the ChargingCurrent()
~~ - to 0x00CO; clear the THERMISTOR_HOT and ALARM_INHIBITED flip-
LO flops.
g 3 RESET_TO_ZERO Not implemented

0* = Interrupt on either edge of the AC_PRESENT status bit.
; 4 AC_PRESENT_MASK 1 = Do not interrupt because of an AC_PRESENT bit change.

0* = Interrupt on either edge of the BATTERY_PRESENT status bit.
< 5 BATTERY_PRESENT_ MASK 1 = Do not interrupt because of a BATTERY_PRESENT bit change.
E 0* = Interrupt on either edge of the POWER_FAIL status bit.

6 POWER_FAIL_MASK 1 = Do not interrupt because of a POWER_FAIL bit change.
7 Not implemented
8 Not implemented
9 Not implemented

0 = The THERMISTOR_HOT status bit does not turn off the charger.

1* = The THERMISTOR_HOT status bit does turn off the charger.

10 HOT_STOP THERMISTOR_HOT is reset by either POR_RESET or
BATTERY_PRESENT = 0 status bit.

11 Not implemented

12 Not implemented

13 Not implemented

14 Not implemented

15 Not implemented

Command: 0x12
*State at chip initial power-on (i.e., Vpp from 0 to +3.3V)

18 MAXIMN
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(0 3. ChargerStatus()

BIT NAME FUNCTION
0* = Ready to charge Smart Battery.
0 CHARGE_INHIBITED 1 = Charger is inhibited, I1(chg) = OmA.
This status bit returns the value of the CHG_INHIBITED flip-flop.
1 MASTER_MODE Always returns “0”
2 VOLTAGE NOT REG 0 i Battery voltage is limited at the set po_lnt.
- - 1 = Battery voltage is less than the set point.
3 CURRENT NOT REG 0 i Battery current is limited at the set po_lnt.
- - 1 = Battery current is less than the set point.
4 LEVEL_2 Always returns a “1”
5 LEVEL_3 Always returns a “0”
0* = The ChargingCurrent() value is valid for the MAX1645.
6 CURRENT_OR 1 = The ChargingCurrent() value exceeds the MAX1645 output range, i.e.,
programmed ChargingCurrent() exceeds 3008maA.
0 = The ChargingVoltage() value is valid for the MAX1645.
7 VOLTAGE_OR 1* = The ChargingVoltage() value exceeds the MAX1645 output range, i.e.,
programmed ChargingVoltage() exceeds 1843mV.
0 = THM is < 91% of the reference voltage.
8 THERMISTOR_OR 1=THM is > 91% of the reference voltage.
0 =THM is < 75.5% of the reference voltage.
9 THERMISTOR_COLD 1 =THM is > 75.5% of the reference voltage.
0 = THM has not dropped to < 23.5% of the reference voltage.
1 = THM has dropped to < 23.5% of the reference voltage.
10 THERMISTOR_HOT THERMISTOR_HOT flip-flop cleared by BATTERY_PRESENT = 0 or writing a “1” into
the POR_RESET bit in the ChargerMode() command.
0 =THM is > 7.5% of the reference voltage.
1 THERMISTOR_UR 1=THM is < 7.5% of the reference voltage.
Returns the state of the ALARM_INHIBITED flip-flop. This flip-flop is set by either a
watchdog timeout or by writing an AlarmWarning() command with bits 11, 12, 13, 14,
12 ALARM_INHIBITED or 15 set. This flip-flop is cleared by BATTERY_PRESENT = 0, writing a “1” into the
POR_RESET bit in the ChargerMode() command, or by receiving successive
ChargingVoltage() and ChargingCurrent() commands. POR: 0.
0 = The charging source voltage CVS is above the BATT voltage.
13 POWER_FAIL 1 = The charging source voltage CVS is below the BATT voltage.
0 = No battery is present (based on THM input).
14 BATTERY_PRESENT 1 = Battery is present (based on THM input).
15 AC_PRESENT 0 = DCIN is below the 7.5V undervoltage threshold.

1 = DCIN is above the 7.5V undervoltage threshold.

Command: 0x13
*State at chip initial power-on.

MAXIN
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0 4. ChargerCurrent()

BIT NAME FUNCTION
0 Not used. Normally a ImA weight.
1 Not used. Normally a 2mA weight.
2 Not used. Normally a 4mA weight.
3 Not used. Normally an 8mA weight.
4 Not used. Normally a 16mA weight.
5 Not used. Normally a 32mA weight.
0 = Adds OmA of charger-current compliance.
6 Charge Current, DACI 0 1 = Adds 64mA of charger-current compliance, 128mA min.
0 = Adds OmA of charger-current compliance.
! Charge Current, DACI 1 1 = Adds 128mA of charger-current compliance.
0 = Adds OmA of charger-current compliance.
8 Charge Current, DACI 2 1 = Adds 256mA of charger-current compliance.
0 = Adds OmA of charger-current compliance.
9 Charge Current, DACI 3 1 = Adds 512mA of charger-current compliance.
0 = Adds OmA of charger-current compliance.
10 Charge Current, DACI 4 1 = Adds 1024mA of charger-current compliance.
0 = Adds OmA of charger-current compliance.
1 Charge Current, DACI'5 1 = Adds 2048mA of charger-current compliance, 3008mA max.
12-15 0 = Adds OmA of charger current compliance.

1 = Sets charger compliance into overrange, 3008mA.

Command: 0x14
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05. ChargerVoltage()

PIN BIT NAME FUNCTION
0 Not used. Normally a 1mV weight.
1 Not used. Normally a 2mV weight.
2 Not used. Normally a 4mV weight.
3 Not used. Normally an 8mV weight.
4 | chage voiage, DACVO | 0 IE T avger voltage compliance, 1,024V min,
5| Chargevatage, DACYL | 2 0 aer voitage compiance, 1,024 min.
6 | chargevatage, DACVZ | 3 2 0 aervotage compliance, 1,024\ min.
7| chargevotage DACVS | 02 O ol charger valtage compliance, 1024V min
B | Chargevoage, DACVA | 02 0 charger voltage complance, 1024V min
9 Charge Voltage, DACV 5 2 z ﬁggz gTZVmCJ g? 2L%$gggtzﬁggceo?oﬂgﬂgﬁce, 1.024V min.
10| Charge Voiage, DACVE | 9= 00 U0 o charger-vorage compliance.
11| Charge Voiage, DACY7 | 2 000 O0an of charger-vorage compliance.
12| chargevatage, DACYS | 2 eharger valage compliance.
13| chargevatage, DACYS | oharger-valage compliance.
14 Charge Voltage, DACV 10 2 z ﬁggz 2?3%221?2}3?12(32?/;;%2F::I?rgg(lai'ance, 18432mV max.
15 Charge Voltage, Overrange 0 = Adds OmV of charger-voltage compliance.

1 = Sets charger compliance into overrange, 18432mV.

Command: 0x15

MAXIN
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0 6. AlarmWarning()

BIT BIT NAME DESCRIPTION
0 Error Code Not used
1 Error Code Not used
2 Error Code Not used
3 Error Code Not used
4 FULLY_DISCHARGED Not used
5 FULLY_CHARGED Not used
6 DISCHARGING Not used
7 INITIALIZING Not used
8 REMAINING_TIME_ ALARM Not used
9 REMAINING_CAPACITY_ ALARM Not used
10 Reserved Not used
11 TERMINATE_ DISCHARGE_ALARM 0 = Charge normally
- = 1 = Terminate charging
12 OVER_TEMP_ALARM 0 = Charge normally
1 = Terminate charging
13 OTHER_ALARM 0 = Charge normally
= 1 = Terminate charging
14 TERMINATE_CHARGE_ ALARM 0 = Charge normally
- 1 = Terminate charging
15 OVER_CHARGE_ALARM 0 = Charge normally

1 = Terminate charging

Command: 0x16
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ChargingCurrent() (PORO 0x0080)
ChargingCurrent()d 0O O O O OWrite-WordO O O O O O
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ChargingVoltage() (PORO 0x4800)

ChargingVoltage()O O 0O O O O Write-WordD O O O O
000000 (0 3a)dChargingVoltage()D O O OO
0O 0D00O0x15 (0b000O10101)d O OD1SO DO OO O
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THERMISTOR

STATUS BIT DESCRIPTION

CONTROLLED

WAKE-UP CHARGE CHARGE

REG_UR and RES_HOT Under Range

Not allowed by MAX1645 | Not allowed by MAX1645

RES_UR and RES_HOT Under Range

Allowed for Timeout

Period by MAX1645A Allowed by MAX1645A

RES_HOT Hot Not Allowed Not Allowed
(None) Normal é‘lelﬂ\ggd for Timeout Allowed
RES_COLD Cold £howed for Timeout Allowed

RES_OR and RES_COLD Over Range Float Charge* Not Allowed

*See Battery Present item under Operating Conditions for more information.
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DESIGNATION

DESCRIPTION

C1, C2 Input Capacitors

22uF, 35V low-ESR tantalum capacitors
AVX TPSE226M035R0300

C3, C4 Output Capacitors

22pF, 25V low-ESR tantalum capacitors
AVX TPSD226M025R0200

C5, C19, C20 1pF, >30V ceramic capacitors
C6, C7,C12 1pF ceramic capacitors
C8, C14,C16 0.1pF ceramic capacitors

C9, C10, C11 Compensation Capacitors

0.01pF ceramic capacitors

C13 1500pF ceramic capacitor
C18, C24 0.1pF, >20V ceramic capacitors
Cc23 0.1pF, >30V ceramic capacitor
D1 D2 40V, 2A schottky diodes

’ Central Semiconductor CMSH2-40
D3. D4 Small-signal diodes

’ Central Semiconductor CMPSH-3
L1 22uH, 3.6A buck inductor

Sumida CDRH127-220

N1 High-Side MOSFET

30V, 11.5A, high-side N-channel MOSFET (SO-8)
Fairchild FDS6680

N2 Low-Side MOSFET

30V, 8.4A, low-side N-channel MOSFET
Fairchild FDS6612A or

30V, signal level N-channel MOSFET
2N7002

30V, 11A P-Channel MOSFET load and source switches

P, P2 Fairchild FDS6675

R1 40mQ *+1%, 0.5W battery current-sense resistor
Dale WSL-2010/40mQ/1%

R2 50mQ +1%, 0.5W source current-sense resistor
Dale WSL-2010/50mQ/1%

R3, R4 R3 + R4 >100kQ input current-limit setting resistors

R5, R7, R8, R9, R10

10kQ +£5% resistors

R6 10kQ +1% temperature sensor network resistor
R11, R16 1Q +5% resistors
R12 33Q +5% resistor
R13 1kQ +5% resistor
R14, R15 4.7Q £5% resistors
30 AXIMN




oooooooonon2

ogooooooonononnn

gboobobogobooboobobooboooooooo
gbooboooboboboboooobobobooboo
gobooboobooboobbooob22pHOOO
gboooboobobooboboboooo

oooogo

ccvoccoocececsoo3nooooooooooonoo
obobooboboocevoboilokQOOOo.01pFO 0O
goooobobOoooogooeNDOOO0OobOOO
goopboccioccsuuo.olpyFO 000 0O0OGNDO
00oooo0o00b00RrR70R1I300000THMO CvSO
00000000000 0DO00000O0ORGBO10KA
1%oooo0ooooooooooooooooooo
ooog

gboboooboooobad

booooboooooobooboooooobooooon
obooooboooooobooboooboooboooon
gogo.svOooooooooobooooooooon
ygodououououououououoooaooooooooo
uoooouoooououoooooooooooooo
gbogoboooboobobobooooboboboooboo
gbobooobobooobobooilbbooobobooooboan
(cCigocooooooooogoooooooooo
gbobooobobOobOoOcessPOCsSSNO OO 1pFd
gobooobooboboooobogobooocesipon
CSINODOOGNDOODOO(@OOODOoODOoOooOOo
ooooo)yooooooawOOOODOODODDOOO
000000000000 0000D00D0MAX1645/
MAX1645A0 0000000000000 0000O0OO0
goooooooo

gbooboooobaooo

1pFODCINOGNDOOOOOODOOOO (@ 1)0Db4nO
DCOOO0OODOO0OO0DOOODOOODOOO0OOO0O0DbOODCIN
gLbooooooooooooooooooooboono
D4A00O0O0OO0OD0OOOCOO0ODOOCODOLDOOBSTODLOV
goooooboooooilocoboboo0ooooooan
ooog

gboubouooooouobooboubooboaoaa
gbobobogoboboobobaooooooooo
ygoououououououououooooooooooooo
gboboooobodoboboboboooboboboooboo
gboboooooooboooboooobooooobooao
000000O0MAX1645/MAX1645A0 00000

gbobobooboboboboboboboobobon

gogoboooobooboboboooobobobooboo
gobooboobooboobboobooboan
gbobooobooobooobooboooooobooooon

oooo0O0ODOO0O0O0000000D00(REFD Cevo cald

CCSODACODCINOVppO OGND)OD O OOOonoono

MAXIN

gbobooboooobobobobooooobobo
gboboooobooboboobobo

HoooooooooooooooooooooDogoo
gboooooboobooobobooo

- DOO0OO0OO0O0ODOOOOOOODOOOOOOODbODOO
gbooooobobooboboboooboobo

s ODD0ODODODOOOODOOOOO0O0000004040:g
gogoo

s ODD0ODODODOOOODOOOOO0O0000004040:g
gogoo

s DOD0OOO0ODOSmMmOOOOOD0OOD0OO0

-+ Cl00C2000000MOSFETOODOOO
000 (000 10mm)0

goooboooooooooboooogooao
MOSFETO O OOOOOO(@OLO5mm)O

LXOOOMOSFETO OO OOOOODOOOO
coooooismmUO 00000000000
goooboobobbboooooooooboobobobo
gobboooobboooboboooobboooon
goooboobbbboooooooobooobobo
oooooooboooooboooobooon
ubobhmoooobbooooomooooooon
oooooooooooobooooooobocooon
oooboooooooooicooobooooon
iROOOOOOOODOOOOOOOOOO
ooooooOooObObObOO000O00o0oooooo
ooooooooooooboooooboobocoon
ubouboaooubaobooobaoooboao
uogoooobobboooooooooooo
oobooboooeocxioooooooon

2)cooooooooooooobooooooooo
oo0oxooo)yoooooooooo@wooo
OO0O0O0O0OO0OREFODODOOO))YOOOOOODODOCOD
gooicoboboooooboboirommObogoonOOg
gooooood

OoO0DoO0o0O0oO(DHIODLOOOBST)O20mm
gobooobobooobbooo0bRrREFDDOOOO
gboobooobobobooobooboboooboooboo
coooobobooboobobooboooboon
gboboboboboboboboboboboo
gobooboooooobooooeNbOOonooogog
gooooao

3)y000000000000000D000D0O0O0ODODO
gooooboboboooooooooboboooooogg
(CooDoOoO0o0oOoooO)yYoooooobooooo
gbooooooooooogo

ooboao
TRANSISTOR COUNT: 6996

31

VSTYIOTXVIN/STIOTXVIN



MAX1645/MAX1645A

oooooooononz2
ogooooooonononnn

oogoono
ADAPTER IN
\ 4 DDS _I.J
él— cvs ¥
DCIN
T CSsP
1 MAXIM
= MAX1645A % {;
REF CSSN ® ' |
LDO |—e
1
I s Q; LOAD
BST ¢ 67
AGND
= DLOV
) — DAC _
I cev | T T
= T
% ccl
I X
EI— ccs
== DLO
PGND
csip
CSIN
PDL

| Il

BATT L |

] BATTERY
THM ¢

e

SCL ®

SDA

INT

LFINTVNIBERREH el 0350526101 Fax. (033252-6149

goooooooooooobooooobooooooboooobooooooOoooboOoOobobOoOoOo0oobooboboOoObOOoOoOoOoOoOooObOOobOOOobOO0o
poooooooooooboooOoOoOoOOoOOoOoOobboobOOOoOoOono

32 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600

© 1999 Maxim Integrated Products MAXIM s a registered trademark of Maxim Integrated Products.



