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Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

General Description Features

The MAX1645 are high-efficiency battery chargers capa-
ble of charging batteries of any chemistry type. It uses the
Intel System Management Bus (SMBus™) to control volt-
age and current charge outputs.

When charging lithium-ion (Li+) batteries, the MAX1645 Charges Any Chemistry Battery: Li+, NiCd
automatically transition from regulating current to regu- T ’

lating voltage. The MAX1645 can also limit line input NiMH, Lead Acid, etc.

current so as not to exceed a predetermined current 4 Intel SMBus 2-Wire Serial Interface
drawn from the DC source. A 175s charge safety timer
prevents “runaway charging” should the MAX1645 stop
receiving charging voltage/ current commands. Spec Rev. 1.0

The MAX1645 employs a next-generation synchronous +8V to +28V Input Voltage Range
buck control circuity that Iowers' the minimum input-to- Up to 18.4V Battery Voltage
output voltage drop by allowing the duty cycle to ] .
exceed 99%. The MAX1645 can easily charge one to 11-Bit Battery Voltage Setting
+0.8% Output Voltage Accuracy with Internal

four series Li+ cells.
Applications Reference
3A max Battery Charge Current

6-Bit Charge Current Setting
99.99% max Duty Cycle for Low-Dropout Operation

Input Current Limiting
175s Charge Safety Timeout
128mA Wake-Up Charge

* & & o

4 Compliant with Level 2 Smart Battery Charger

* & o o

Notebook Computers
Point-of-Sale Terminals
Personal Digital Assistants
Load/Source Switchover Drivers

>97% Efficiency

* & & oo o

Ordering Information

Pin Configuration

TOP VIEW PART TEMP. RANGE PIN-PACKAGE
MAX1645EE| -40°C to +85°C 28 QSOP

DCIN [ 1] 28] cvs MAX1645AEE| -40°C to +85°C 28 QSOP

0o [2 | 27] PDS

oLs [3] 26] Cssp

REF [4 ] [25] Cssh

cos [5] MAXIM [57] g1

cei [ | /‘% )?(77664455/‘ 23] DHI

cev [7] [22] L

GND [8 ] [21] LoV
BATT [9 | [20] DLO

pac [10] 19] PGND

vop [11] 18] csip

THM [12] [17] csiv ) o

Typical Operating Circuit appears at end of data sheet.
scL [13] [16] PDL
SDA [14] 15] INT
QSOP SMBus is a trademark of Intel Corp.
MAXIM Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX1645/MAX1645A

Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

ABSOLUTE MAXIMUM RATINGS

DCIN, CVS, CSSP, CSSN, LXto GND.........cc......... -0.3V to +30V
CSSP to CSSN, CSIPto CSIN ..o, -0.3V to +0.3V
PDS, PDLtO GND .......oooviiiiiiiiiee, -0.3V to (Vcssp + 0.3V)
BST 10 LX i -0.3V to +6V
DHItO LX oo -0.3V to (VBsT + 0.3V)
CSIP, CSIN, BATTto GND .....c.ooovviiiiiiieiiece -0.3V to +22V
LDOtoGND ........oooons -0.3V to (lower of 6V or VpcIN + 0.3V)
DLOtOGND ..ooooviiiiiiccecece -0.3V to (VpLov + 0.3V)

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

VpD, SCL, SDA, INT, DLOV to GND..........cocveeenn, -0.3V to +6V
THMtO GND ..o -0.3Vto (Vpp + 0.3V)
PGND t0 GND ..o -0.3Vto +0.3V
LDO Continuous CUITeNt.........coovviiiiiiiicceccceeeeeeee 50mA

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

Operating Temperature Range ..........cc..ccoeveene. -40°C to +85°C
Storage Temperature.........cccocvviiiiiiiinii, -60°C to +150°C
Lead Temperature (soldering, 10S) .....cccoceeviiiiiirainnne. +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, 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
GENERAL SPECIFICATIONS
DCIN Typical Operating Range VDCIN 8 28 \
DCIN Supply Current IDCIN 8V < VpCIN < 28V 1.7 6 mA
DCIN Supply Current Charging
Inhibited 8V < VDCIN < 28V 0.7 2 mA
DCIN risin 7.5 7.85
DCIN Undervoltage Threshold \S’\x‘ifcnhgsc—PRESENT T 9 - = v
alling .
LDO Output Voltage VLDO 8V < VpgIN < 28V, 0 < ILpo < 15mA 5.15 5.4 5.65 V
Vpp Input Voltage Range
(Note 1) 8V < VpCIN < 28V 2.8 5.65 \
- VDD risin 2.55 2.8
Vpp Undervoltage Threshold When the SMB res Db - 9 \Y
ponds to commands | Vpp falling 21 25
Vpp Quiescent Current IDD 38<D\A/D=C'5'\\‘/< 6V, Vop =5V, VscL = 5V, 80 150 A
REF Output Voltage VREF 0 < IREF < 200pA 4066 4.096 4.126 \
BATT Undervoltage Threshold When IcHARGE drops to 128mA 54 58 v
(Note 2)
PDS Charging Source Switch .
Turn-Off Threshold VPDs-OFF | Vcvs referred to VBATT, Vevs falling 50 100 150 mV
PDS Charging Source Switch
Threshold Hysteresis VpDs-HYS | Vovs referred to VBATT 100 200 300 mV
PDS Output Low Voltage, PDS _
Below CSSP IpDs = 0 8 10 12 v
PDS Turn-On Current PDS = CSSP 100 150 300 pA
PDS Turn-Off Current Vpps = Vessp - 2V, Vpein = 16V 10 50 mA
PDL Load Switch Turn-Off .
Threshold VPDL-OFF | Vcvs referred to VBaTT, Vcvs rising -150 -100 -50 mV
2 MAX1L/V




Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vpp = +3.3V, VBaATT = +16.8V, VpcIN = +18V, TAa = 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 | Vovs referred to VBATT 100 200 300 mV
PDL Turn-Off Current VessN - VepL = 1V 6 12 mA
PDL Turn-On Resistance PDL to GND 50 100 150 kQ
CVS Input Bias Current Vgovs = 28V 6 20 uA
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 4192  4.234
ChargingCurrent() =
0xOBCO 2.798 3.008 3.218 A
BATT Charge Current (Note 3) 10 Rcs = 50mQ Charainac 0
argingCurrent() =
0x0080 61.6 128 194.4 mA
DCIN Source Current Limit VeLs = 4.096V 4.714 5.12 5.526
Rcss = 40mQ A
(Note 3) VoLs = 2.048V 2282 256 2838
MAX1645 VBaTT = 1V, 20 128 200
BATT Undervoltage Charge Rcsi = 50mQ mA
Current VBATT = 1V,
MAX1645A Ros| = 50mQ 61.6 128 194.4
BATT/CSIP/CSIN Input Voltage 0 20 v
Range
. Total of IBATT, Icsip, and IcsIN; i
Total BATT Input Bias Current VBATT = O to 20V 700 700 pA
. Total of IBATT, Icsip, and IcsIN; }
Total BATT Quiescent Current VBATT = 0 10 20V, charge inhibited 100 100 PA
Total of IBATT, Icsip, and IcsIN; .
Total BATT Standby Current VBATT = 010 20V, VbeiN = 0 5 5 pA
CSSP Input Bias Current Vessp = VessN = Vpeln = 0 to 28V -100 540 1000 uA
CSSN Input Bias Current Vessp = CessN = Vpein = 0 to 28V -100 35 100 mA
CSSP/CSSN Quiescent Current Vesse = Vessn = 28V, Vpein =0 -1 1 pA
pattery Voltage-Error Amp DC From BATT to CCV 200 500 vV
CLS Input Bias Current VcLs = VREF/2 to VREF -1 0.05 1 pA
Battery Voltage-Error Amp From BATT to CCV, ChargingVoltage() =
Transconductance 0x41A0, VBATT = 16.8V 0.111 0.222 0.444 | pAmv
Battery Current-Error Amp From CSIP/SCIN to CCI, ChargingCurrent() = 05 ’ > AV
Transconductance 0x0BCO, Vcsip - VesiN = 150.4mV ' H
Input Current-Error Amp From CSSP/CSSN to CCS, V¢ s = 2.048V, 05 ’ > AV
Transconductance Vesspe - Vessn = 102.4mV ' H
CCEVICCI/CCS Clamp Voltage Veey = Vel = Vees = 0.25V to 2V 150 300 600 | mV
(Note 4)
MAXI/V 3
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MAX1645/MAX1645A

Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vpp = +3.3V, VBaATT = +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 15 us
Maximum On-Time toN 5 10 15 ms
Maximum Duty Cycle 99 99.99 %
LX Input Bias Current VDCIN = 28V, VBATT = Vix = 20V 200 500 HA
LX Input Quiescent Current VpcIN = 0, VBATT = ViLx = 20V 1 PA
BST Supply Current DHI high 6 15 uA
DLOV Supply Current VpbLov = VLpo, DLO low 5 10 uA
Inductor Peak Current Limit Rcsi = 50mQ 5.0 6.0 7.0 A
DHI Output Resistance DHI high or low, VBsT - VL.x = 4.5V 6 14 Q
DLO Output Resistance DLO high or low, VpLov = 4.5V 6 14 Q
THERMISTOR COMPARATOR SPECIFICATIONS
THM Input Bias Current x;’;M::;g@ g \5/%%\50 96% of Voo, -1 1 LA
Thermistor Overrange Threshold Vpp = 2.8V t0 5.65V, VTHM falling 89.5 91 92.5 |% of Vpp
Thermistor Cold Threshold Vpp = 2.8V t0 5.65V, VTHM falling 74 75.5 77 | % of VDD
Thermistor Hot Threshold Vpp = 2.8V to 5.65V, VTHM falling 22 23.5 25 % of Vbp
mz;‘z}gr Underrange VDD = 2.8V t0 5.65V, Vi falling 6 75 9 |%of Voo
m?er;nhlztlgr:yc;rtg?:;itor All 4 comparators, Vpp = 2.8V to 5.65V 1 % of Vpp
SMB INTERFACE LEVEL SPECIFICATIONS (Vpp = 2.8V to 5.65V)
SDA/SCL Input Low Voltage 0.6 \
SDA/SCL Input High Voltage 1.4 \
SDA/SCL Input Hysteresis 220 mV
SDA/SCL Input Bias Current -1 1 pA
SDA Output Low Sink Current Vspa = 0.4V 6 mA
INT Output High Leakage VINT = 5.65V 1 PA
INT Output Low Voltage IINT = 1mA 25 200 mvV
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 ggEanon Setup Time ISUSTA 47 us
Start Condition Hold Time {HD:STA 4 us
from SCL
SDA Setup Time from SCL tSUDAT 250 ns
SDA Hold Time from SCL tHD:DAT 0 ns

4 MAXI N




Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

ELECTRICAL CHARACTERISTICS (continued)

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

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
SDA Output Data Valid from SCL tDv 1 us
Maximum Charge Period
Without a ChargingVoltage() or twDT 140 175 210 s
Charging Current() Loaded

ELECTRICAL CHARACTERISTICS

(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 | sYmMBOL | 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 mtec”hgsc—PRESENT SN 9 = v
alling
LDO QOutput Voltage VLDO 8V < VpcIN < 28V, 0 < ILpo < 15mA 5.15 5.65 Vv
Vpp Input Voltage Range
(Note 1) 8V < VpCIN < 28V 2.8 5.65 vV
- Vpp risin 2.8
Vpp Undervoltage Threshold When the SMB res bo I, 9 Vv
ponds to commands | Vpp falling 21
Vpp Quiescent Current IDD \O/;DXD:Cg\\If 6V, Vbp =5V, VscL = 5V, 150 A
REF Output Voltage VREF 0 < IREF < 200pA 4.035 4157 Vv
BATT Undervoltage Threshold When IcHARGE drops to 128mA 54 o8 Vv
(Note 2)
PDS Charging Source Switch .
Turn-Off Threshold VpDs-OFF | Vcvs referred to VBaTT, Vevs falling 50 150 mV
PDS Charging Source Switch
Threshold Hysteresis VPDS-HYS | Vevs referred to VBATT 100 300 mv
PDS Output Low Voltage, PDS _
Below CSSP IpDs = 0 8 12 v
PDS Turn-On Current PDS = CSSP 100 300 pA
PDS Turn-Off Current Vpps = Vessp - 2V, VpeiN = 16V 10 mA
PDL Load Switch Turn-Off -
Threshold VpDL-OFF | Vcvs referred to VBATT, Vs rising -150 -50 mV
PDL Load Switch Threshold
Hysteresis VpDL-HYS | Vovs referred to VBATT 100 300 mV
PDL Turn-Off Current VessN - VepL = 1V 6 mA
MAXI/V 5
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Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

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.)

MAX1645/MAX1645A

PARAMETER SYMBOL CONDITIONS MIN MAX | UNITS
PDL Turn-On Resistance PDL to GND 50 150 kQ
CVS Input Bias Current Vevs = 28V 20 pA
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 Rcsl = 50mQ CharamaC 0
argingCurrent() =
0X0080 15.2 240.8 mA
DCIN Source Current Limit VeLs = 4.096V 4.358 5.882
Rcss = 40mQ A
(Note 3) VeLs = 2.048V 2.054 3.006
BATT Undervoltage Charge _ _
Current VBaATT = 1V, Res| = 50mQ 20 200 mA
BATT/CSIP/CSIN Input Voltage 0 20 Vv
Range
. Total of IBATT, Icsip, and IcsIN;
Total BATT Input Bias Current VBATT = 0 10 20V -700 700 pA
. Total of IBaTT, Icsip, and IcsIN; i
Total BATT Quiescent Current VBATT = 0 to 20V, charge inhibited 100 100 pA
Total of IgaTT, Icsip, and ICsIN; }
Total BATT Standby Current VBATT = 0 to 20V, VpoIN = 0 5 5 pA
CSSP/Input Bias Current Vessp = VessN = VDeIN = 28V -100 1000 pA
CSSN Input Bias Current Vessp = VessN = VDeIN = 28V -100 100 HA
CSSP/CSSN Quiescent Current Vessp = Vessn = 28V, Vpein =0 -1 1 pA
g‘:tfry Voltage-Error Amp DC From BATT to CCV 200 VN
CLS Input Bias Current VcLs = VREF/2 to VREF -1 1 pA
Battery Voltage-Error Amp From BATT to CCV, ChargingVoltage() =
Transconductance 0x41A0, VBaTT = 16.8V 0.111 0.444 | pA/mY
Battery Current-Error Amp From CSIP/CSIN to CCI, ChargingCurrent() = 05 5 AV
Transconductance 0x0BCO, Vcsip -VesIN = 150.4mV ' H
Input Current-Error Amp From CSSP/CSSN to CCS, VgLs = 2.048V, 05 5 AlmV
Transconductance Vcssp - Veossn = 102.4mV ' H
CCV/CCI/CCS Clamp Voltage Voo = Veor = Vocs = 0.25V 1o 2V 150 600 Y
(Note 4)
DC-TO-DC CONVERTER SPECIFICATIONS
Minimum Off-Time tOFF 1 15 us
Maximum On-Time toN 5 15 ms
Maximum Duty Cycle 99 %

6
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Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

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 VDCIN = 28V, VBATT = VLx = 20V 500 pA
LX Input Quiescent Current VDCIN = 0, VBATT = VX = 20V 1 pA
BST Supply Current DHI high 15 uA
DLOV Supply Current VpLov = VDo, DLO low 10 HA
Inductor Peak Current Limit Rcsi = 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;gM:;g@ g {\S/%%\t/o 96% of Voo, -1 1 A
Thermistor Overrange Threshold Vpp = 2.8V to 5.65V, VTHMm falling 89.5 925 |% of Vpp
Thermistor Cold Threshold Vpp = 2.8V to 5.65V, VTHMm falling 74 77 |% of Vbp
Thermistor Hot Threshold Vpp = 2.8V to 5.65V, VTHMm falling 22 25 % of Vbp
ngggr Underrange VDD = 2.8V to 5.65V, V1M falling 6 9 |%ofVpp
SMB INTERFACE LEVEL SPECIFICATIONS (Vpp = 2.8V to 5.65V)
SDA/SCL Input Low Voltage 0.6 Vv
SDA/SCL Input High Voltage 1.4 V
SDA/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
INT Output Low Voltage ITNT = TmA 200 mvV
SMB INTERFACE TIMING SPECIFICATIONS (Vpp = 2.8V to 5.65V, Figures 4 and 5)
SCL High Period tHIGH 4 us
SCL Low Period tLow 47 us
](S;gar;t ggzdmon Setup Time 1SUSTA 47 s
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

MAXIMN 7
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Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

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
SDA Output Data Valid i ; s
from SCL DV H

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 CCl or CCS when one of these three pins is held low and the others try to pull high.

Typical Operating Characteristics
(Circuit of Figure 1, VpcIN = 20V, Ta = +25°C, unless otherwise noted.)

LOAD-TRANSIENT RESPONSE LOAD-TRANSIENT RESPONSE
(BATTERY REMOVAL AND REINSE&I;!?'!) (STEP IN LOAD CURRENT) LDO LINE REGULATION
- loc 16V ‘ - - - MAX1645 toc02 4A 560 o
£ : k : -\ ILoap =0 g
z | e L R _ : £ 2A £
= w—— M M '5(_3 f U 5.55 :
: . SR R =1 £ ] 550
e : { 1A 545
= E = = —_
B PO pv— ] = 2540 I S—
. > - =
_ o : ‘ sy =
s | cov scol fcev 8 5.35
S | e S
= m\ . | 1V =] 5.30
2 ol fy oy cel =
SRR | A T 152 t 5.25
: — — 0 5.20
BATTERY REMOVED 2MS/dV BATTERY INSERTED ms/div 5 10 15 20 25 30
ChargingVoltage() = 15000mV ChargingCurrent() = 3008mA Voo (V)
ChargingCurrent() = 1000mA VBarT = 16V
LOAD STEP: 0A TO 2A
ISouRcE LIMIT = 2.5A
REFERENCE VOLTAGE
LDO LOAD REGULATION REFERENCE VOLTAGE LOAD REGULATION vs. TEMPERATURE
560 = 4100 2 4110 g
555 g H :
: 4,098 = 4105 =
550
515 4100
s> < 409 - = \\
S 540 P o {5 4.095
4.094 —
535 —] 400 ~
530
4,092 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 (uA) TEMPERATURE (°C)

8 MAXIMN




Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

Typical Operating Characteristics (continued) g
(Circuit of Figure 1, VpcIN = 20V, Ta = +25°C, unless otherwise noted.) b
EFFICIENCY vs. BATTERY CURRENT EFFICIENCY vs. BATTERY CURRENT *
(VOLTAGE-CONTROL LOOP) (CURRENT-CONTROL LOOP) OUTPUT VI CHARACTERISTICS wd
100 e 100 . 0.001 . (o)
% (= % 1 B -
| b= = =
90 /// = 90 /// B |z = E m
l/ 2 001 N
8 8 l 5
S8 < e [ = g
o o =
z 75 z 75 5 o1 \\ b
S (=) S] N~
=70 =70 = ~
o jww} g T—
65 65 l
= 0 )
60 60 S ‘ m
o .
55 |A: Vpgin = 20V, ChargingVoltage() = 16.8V 55 | A: Vpgin = 20V, VgarT = 16.8V ChargingVoltage() = 16,800mV
5 B: Vpg)n = 16V, ChargingVoltage() = 8.4V 5 B: Vpgin = 16V, Vgarr = 8.4V " ChargingCurrent() = 3008mA .h
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 3500 u'l
BATTERY CURRENT (mA) ChargingCurrent() (CODE) LOAD CURRENT (mA) b
BATT VOLTAGE ERROR CURRENT-SETTING ERROR
vs. ChargingVoltage() CODE vs. ChargingCurrent() CODE
03 g > 3
02 z 3 S
2 £,
S ol \ =
oc L @ 1
Ll S— (W) \
& \\ /*"“/- = o L]
=) > -1
= -0.1 E |
5 =
02 ME
© | larr=0 4 |—Vearr=126V
MEASURED AT AVAILABLE CODES MEASURED AT AVAILABLE CODES
03 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
35 o 35 o
3.0 % 3.0 g
= Iy = = N -
£ 25 = 25 \
= 20 g 20 \
&) . N [ .
E N\ £ N
& 15 & 15 \\
g [vos=2v N g [iow=2A N
s 10 |Ress=40mQ \ ] g 10 | Vors =2V . [
S 7 | Vearr=16.8v \IBATT @ " | Ress=40mQ \\BAH
SOURCE CURRENTLIMIT =254 N\ 05 | Ghargingoltage() = 18 432my ™
05 [ ChargingCurrent() = 3008mA - I'ChargingCurrent() = 3008mA
0 ChargingVoltage() = 18,432mV 0 SOURGE GURRENT LIMIT = 2.5A
0 05 10 15 20 25 0 2 4 6 8 10 12 14 16 18 20
LOAD CURRENT (A) Vparr (V)
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MAX1645/MAX1645A

Advanced Chemistry-Independent, Level 2
Battery Chargers with Input Current Limiting

Pin Description

PIN NAME FUNCTION

1 DCIN DC Supply Voltage Input

2 LDO 5.4V Linear-Regulator Voltage Output. Bypass with a 1pF capacitor to GND.

3 CLS Source Current Limit Input

4 REF 4.096V Reference Voltage Output

5 CCS Charging Source Compensation Capacitor Connection. Connect a 0.01uF capacitor from CCS to GND.
6 CCl Battery Current-Loop Compensation Capacitor Connection. Connect a 0.01uF capacitor from CCIl to GND.
7 cev Battery Voltage-Loop Compensation Capacitor Connection. Connect a 10kQ resistor in series with a 0.01pF

capacitor to GND.

8 GND Ground

9 BATT Battery Voltage Output

10 DAC DAC Voltage Output

11 VbD Logic Circuitry Supply Voltage Input (2.8V to 5.65V)

12 THM Thermistor Voltage Input

13 SCL SMB Clock Input

14 SDA SMB Data Input/Output. Open-drain output. Needs external pull-up.

15 INT Interrupt Output. Open-drain output. Needs external pull-up.

16 PDL PMOS Load Switch Driver Output

17 CSIN Battery Current-Sense Negative Input

18 CSIP Battery Current-Sense Positive Input

19 PGND Power Ground

20 DLO Low-Side NMOS Driver Output

21 DLOV Low-Side NMOS Driver Supply Voltage. Bypass with 0.1uF capacitor to GND.

22 LX Inductor Voltage Sense Input

23 DHI High-Side NMOS Driver Output

24 BST High-Side Driver Bootstrap Voltage Input. Bypass with 0.1pF capacitor to LX.

25 CSSN Charging Source Current-Sense Negative Input

26 CSSP Charging Source Current-Sense Positive Input

27 PDS Charging Source PMOS Switch Driver Output

28 CVS Charging Source Voltage Input

10
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Detailed Description

The MAX1645/MAX1645A consist of current-sense
amplifiers, an SMBus interface, transconductance
amplifiers, reference circuitry, and a DC-DC converter
(Figure 2). The DC-DC converter generates the control
signals for the external MOSFETs to maintain the volt-
age and the current set by the SMBus interface. The
MAX1645/MAX1645A feature a voltage-regulation loop
and two current-regulation loops. The loops operate
independently of each other. The voltage-regulation
loop monitors BATT to ensure that its voltage never
exceeds the voltage set point (VO). The battery current-
regulation loop monitors current delivered to BATT to
ensure that it never exceeds the current-limit set point
(10). The battery current-regulation loop is in control as
long as BATT voltage is below VO. When BATT voltage
reaches VO, the current loop no longer regulates. A
third loop reduces the battery-charging current when
the sum of the system (the main load) and the battery
charger input current exceeds the charging source cur-
rent limit.

Setting Output Voltage
The MAX1645/MAX1645A voltage DACs have a 16mV
LSB and an 18.432V full scale. The SMBus specifica-
tion allows for a 16-bit ChargingVoltage() command
that translates to a 1mV LSB and a 65.535V full-scale
voltage; therefore, the ChargingVoltage() value corre-
sponds to the output voltage in millivolts. The
MAX1645/MAX1645A ignore the first four LSBs and use
the next 11 LSBs to control the voltage DAC. All codes
greater than or equal to Ob0100 1000 0000 0000
(18432mV) result in a voltage overrange, limiting the
charger voltage to 18.432V. All codes below 0b0000
0100 0000 0000 (1024mV) terminate charging.

Setting Output Current
The MAX1645/MAX1645A current DACs have a 64mA
LSB and a 3.008A full scale. The SMBus specification
allows for a 16-bit ChargingCurrent() command that
translates to a 1mA LSB and a 65.535A full-scale cur-
rent; the ChargingCurrent() value corresponds to the
charging voltage in milliamps. The MAX1645/
MAX1645A drop the first six LSBs and use the next
six LSBs to control the current DAC. All codes above
Ob0O0 1011 1100 0000 (3008mA) result in a current
overrange, limiting the charger current to 3.008A. All
codes below 0b0000 0000 1000 0000 (128mA) turn the
charging current off. A 50mQ sense resistor (R2 in
Figure 1) is required to achieve the correct CODE/cur-
rent scaling.

Input Current Limiting
The MAX1645/MAX1645A limit the current drawn by the
charger when the load current becomes high. The
devices limit the charging current so the AC adapter
voltage is not loaded down. An internal amplifier, CSS,
compares the voltage between CSSP and CSSN to the
voltage at CLS/20. VcLs is set by a resistor-divider
between REF and GND.

The input source current is the sum of the device cur-
rent, the charge input current, and the load current. The
device current is minimal (6mA max) in comparison to
the charge and load currents. The charger input cur-
rent is generated by the DC-DC converter; therefore, the
actual source current required is determined as follows:

ISOURCE = ILOAD + [(ICHARGE * VBATT) / (VIN * M)]

where n is the efficiency of the DC-DC converter (typi-
cally 85% to 95%).

VcLs determines the threshold voltage of the CSS com-
parator. R3 and R4 (Figure 1) set the voltage at CLS.
Sense resistor R1 sets the maximum allowable source
current. Calculate the maximum current as follows:

IMAX = VcLs /(20 - R1)

(Limit Vcssp - VcssN to between 102.4mV and
204.8mV.)

The configuration in Figure 1 provides an input current
limit of:

IMAX = (2.048V / 20) / 0.04Q = 2.56A

LDO Regulator
An integrated LDO regulator provides a +5.4V supply
derived from DCIN, which can deliver up to 15mA of
current. The LDO sets the gate-drive level of the NMOS
switches in the DC-DC converter. The drivers are actu-
ally powered by DLOV and BST, which must be con-
nected to LDO through a lowpass filter and a diode as
shown in Figure 1. See also the MOSFET Drivers sec-
tion. The LDO also supplies the 4.096V reference and
most of the control circuitry. Bypass LDO with a 1pF
capacitor.

VDD Supply
This input provides power to the SMBus interface and
the thermistor comparators. Typically connect Vpp to
LDO or, to keep the SMBus interface of the
MAX1645/MAX1645A active while the supply to DCIN is
removed, connect an external supply to Vpp.

11
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Operating Conditions
The MAX1645/MAX1645A change their operation
depending on the voltages at DCIN, BATT, Vpp, and
THM. Several important operating states follow:

e AC Present. When DCIN is > 7.5V, the battery is
considered to be in an AC Present state. In this con-
dition, both the LDO and REF will function properly
and battery charging is allowed. When AC is pre-
sent, the AC_PRESENT bit (bit 15) in the
ChargerStatus() register is set to “1.”

e Power Fail. When DCIN is < BATT + 0.3V, the part is
in the Power Fail state, since the charger doesn't
have enough input voltage to charge the battery. In
Power Fail, the PDS input PMOS switch is turned off
and the POWER_FAIL bit (bit 13) in the
ChargerStatus() register is set to “1.”

e Battery Present. When THM is < 91% of Vpp, the
battery is considered to be present. The MAX1645/
MAX1645A use the THM pin to detect when a battery
is connected to the charger. When the battery is pre-
sent, the BATTERY_PRESENT bit (bit 14) in the
ChargerStatus() register is set to “1” and charging
can proceed. When the battery is not present, all of
the registers are reset. With no battery present, the
charger will perform a "Float" charge to minimize
contact arcing on battery connection. "Float" charge
will still try to regulate the BATT pin voltage at 18.32V
with 128mA of current compliance.

¢ Battery Undervoltage. When BATT < 2.5V, the bat-
tery is in an undervoltage state. This causes the
charger to reduce its current compliance to 128maA.
The content of the ChargingCurrent() register is unaf-
fected and, when the BATT voltage exceeds 2.7V,
normal charging resumes. ChargingVoltage() is unaf-
fected and can be set as low as 1.024V.

¢ Vpp Undervoltage. When Vpp < 2.5V, the VpD sup-
ply is in an undervoltage state, and the SMBus inter-
face will not respond to commands. Coming out of
the undervoltage condition, the part will be in its
Power-On Reset state. No charging will occur when
VDD is under voltage.

SMBus Interface
The MAX1645/MAX1645A receive control inputs from
the SMBus interface. The serial interface complies with
the SMBus specification (refer to the System
Management Bus Specification from Intel Corporation).
Charger functionality complies with the Intel/Duracell
Smart Charger Specification for a Level 2 charger.

The MAX1645/MAX1645A use the SMBus Read-Word
and Write-Word protocols to communicate with the bat-
tery being charged, as well as with any host system

14

that monitors the battery-to-charger communications as
a Level 2 SMBus charger. The MAX1645/MAX1645A
are SMBus slave devices and do not initiate communi-
cation on the bus. They receive commands and
respond to queries for status information. Figure 3
shows examples of the SMBus Write-Word and Read-
Word protocols, and Figures 4 and 5 show the SMBus
serial-interface timing.

Each communication with these parts begins with the
MASTER issuing a START condition that is defined as a
falling edge on SDA with SCL high and ends with a
STOP condition defined as a rising edge on SDA with
SCL high. Between the START and STOP conditions,
the device address, the command byte, and the data
bytes are sent. The MAX1645/MAX1645As’ device
address is 0x12 and supports the charger commands
as described in Tables 1-6.

Battery Charger Commands

ChargerSpecinfo()
The ChargerSpeclinfo() command uses the Read-Word
protocol (Figure 3b). The command code for
ChargerSpecinfo() is 0x11 (0b00010001). Table 1 lists
the functions of the data bits (DO-D15). Bit O refers to
the DO bit in the Read-Word protocol. The
MAX1645/MAX1645A comply with level 2 Smart Battery
Charger Specification Revision 1.0; therefore, the
ChargerSpecinfo() command returns 0x01.

ChargerMode()
The ChargerMode() command uses the Write-Word
protocol (Figure 3a). The command code for
ChargerMode() is 0x12 (0b00010010). Table 2 lists the
functions of the data bits (D0-D15). Bit O refers to the
DO bit in the Write-Word protocol.

To charge a battery that has a thermistor impedance in
the HOT range (i.e., THERMISTOR_HOT = 1 and THER-
MISTOR_UR = 0), the host must use the Charger
Mode() command to clear HOT_STOP after the battery
is inserted. The HOT_STOP bit returns to its default
power-up condition (“1”) whenever the battery is
removed.

ChargerStatus()
The ChargerStatus() command uses the Read-Word
protocol (Figure 3b). The command code for Charger
Status() is 0x13 (Ob00010011). Table 3 describes the
functions of the data bits (D0-D15). Bit O refers to the
DO bit in the Read-Word protocol.

The ChargerStatus() command returns information
about thermistor impedance and the MAX1645/
MAX1645A’s internal state. The latched bits, THERMIS-
TOR_HOT and ALARM_INHIBITED, are cleared when-
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ever BATTERY_PRESENT = 0 or ChargerMode() is writ-
ten with POR_RESET = 1. The ALARM_INHIBITED sta-
tus bit can also be cleared by writing a new charging
current OR charging voltage.

a) Write-Word Format
LOow HIGH
S AgIISAR\éISE;S W | ACK COQ’%.’END ACK DATA |ACK DATA ACK | P
BYTE BYTE
7 bits 1b 1b 8 bits 1b 8 bits 1b 8 bits 1b
MSB LSB| O 0 MSB LSB 0O | MSB LSB| 0O | MSB LSB 0
Preset to ChargerMode() = 0x12 D7 DO D15 D8
0b0001001 ChargingCurrent() = 0x14
ChargerVoltage() = 0x15
AlarmWarning() = Ox16
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 ib| 1b 8 bits 1b 7 bits 1b| 1b 8 bits 1b 8 bits 1b
MSB LSB| O | O MSB LSB 0 MSB LSB| 1 O | MSB LSB| 0O | 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

Figure 3. SMBus a) Write-Word and b) Read-Word Protocols
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Table 1. ChargerSpecinfo()

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
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Table 2. ChargerMode()

BIT NAME DESCRIPTION
0* = Allow normal operation; clear the CHG_INHIBITED flip-flop.
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.
1 ENABLE_POLLING Not implemented
0 = No change.
> POR RESET 1 = Change the ChargingVoltage() to OxFFFF and the ChargingCurrent()
- to 0x00CO; clear the THERMISTOR_HOT and ALARM_INHIBITED flip-
flops.
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.
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 O to +3.3V)

18
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Table 3. ChargerStatus()

BIT NAME FUNCTION
0* = Ready to charge Smart Battery.
0 CHARGE_INHIBITED 1 = Charger is inhibited, I(chg) = OmA.
This status bit returns the value of the CHG_INHIBITED flip-flop.
1 MASTER_MODE Always returns “0”
> VOLTAGE_NOT_REG 0 = Battery voltage is limited at the set po.mt.
1 = Battery voltage is less than the set point.
3 CURRENT_NOT_REG 0 = Battery current is limited at the set po.mt.
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 3008mA.

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.
° THERMISTOR_COLD 1=THM s > 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.
11 THERMISTOR_UR 0 =THM is > 7.5% of the reference voltage.

1=THMis < 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.
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Table 4. ChargerCurrent()

BIT

NAME

FUNCTION

Not used. Normally a TmA weight.

Not used. Normally a 2mA weight.

Not used. Normally a 4mA weight.

Not used. Normally an 8mA weight.

Not used. Normally a 16mA weight.

Not used. Normally a 32mA weight.

Charge Current, DACI 0

0 = Adds OmA of charger-current compliance.
1 = Adds 64mA of charger-current compliance, 128mA min.

Charge Current, DACI 1

0 = Adds OmA of charger-current compliance.
1 = Adds 128mA of charger-current compliance.

Charge Current, DACI 2

0 = Adds OmA of charger-current compliance.
1 = Adds 256mA of charger-current compliance.

Charge Current, DACI 3

0 = Adds OmA of charger-current compliance.
1 = Adds 512mA of charger-current compliance.

10

Charge Current, DACI 4

0 = Adds OmA of charger-current compliance.
1 = Adds 1024mA of charger-current compliance.

11

Charge Current, DACI 5

0 = Adds OmA of charger-current compliance.
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

20
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Table 5. ChargingVoltage()

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| Crargevoiage. DACVO | 2 e evger voliags comptance, 1.024 min.
5| cnargevarage, Dacv 1| O narger voitags compiance, 1024\ min.
6 | cnargevarage, DaCV2 | R e vatags compiance, 1,024 min.
7| Cragevorage DACYS | G OO eharger vatage campliance, 1.024Y min.
8 | Crargevoiage. DACVA | O arger vatiage compliance, 1024V min
9 | Cnargevoage. DACVS | O e vatage cempliance, 1024V min
10| Crargevorage. DACVE | § 7 0 arger vokage comptance.

M| ChargeVotage, DACVT | 7 00 e of cbarger-vatage domplance.

12| ChargeVotage, DACVE | 7 008 0 o charger-vatage domplance.

13| Charge Votage, DACVS | 7 008 B o cbarger-vatage dompance.

14 Charge Voltage, DACV 10 (1) z ﬁggi ??3\/82:71?721[%?1;/323—9/3;%rg%?r?w;ﬁénce, 18432mV max.
15| Crarge Votiage, Overrange | Q0 O e o oventange, 8432\,

Command: 0x15
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Table 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

0 = Charge normally
1 = Terminate charging

—_
—_

TERMINATE_ DISCHARGE_ALARM

0 = Charge normally

12 OVER_TEMP_ALARM . .

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() (POR: 0x0080)
The ChargingCurrent() command uses the Write-Word
protocol (Figure 3a). The command code for Charging-
Current() is 0x14 (0b00010100). The 16-bit binary num-
ber formed by D15-D0 represents the current-limit set
point (10) in milliamps. However, since the
MAX1645/MAX1645A have 64mA resolution in setting
10, the DO-D5 bits are ignored as shown in Table 4.
Figure 6 shows the mapping between 10 (the current-
regulation-loop set point) and the ChargingCurrent()
code. All codes above 0b00 1011 1100 0000 (3008mA)
result in a current overrange, limiting the charger current
to 3.008A. All codes below 0b0000 0000 1000 0000
(128mA) turn the charging current off. A 50mQ sense
resistor (R2 in Figure 1) is required to achieve the cor-
rect CODE/current scaling.

The power-on reset value for the ChargingCurrent() reg-
ister is Ox0080; thus, the first time a MAX1645/
MAX1645A is powered on, the BATT current regulates
to 128mA. Any time the battery is removed, the
ChargingCurrent() register returns to its power-on reset
state.

ChargingVoltage() (POR: 0x4800)
The ChargingVoltage() command uses the Write-Word
protocol (Figure 3a). The command code for
ChargingVoltage() is 0x15 (0b00010101). The 16-bit
binary number formed by D15-DO0 represents the volt-
age set point (VO) in millivolts; however, since the
MAX1645/MAX1645A have 16mV resolution in setting
VO, the DO, D1, D2, and D3 bits are ignored as shown in
Table 5.

The ChargingVoltage command is used to set the bat-
tery charging voltage compliance from 1.024V to
18.432V. All codes greater than or equal to 0b0100
1000 0000 0000 (18432mV) result in a voltage over-
range, limiting the charger voltage to 18.432V. All codes
below 0bO000 0100 0000 0000 (1024mV) terminate
charge. Figure 7 shows the mapping between VO
(the voltage-regulation-loop set point) and the
ChargingVoltage() code.

The power-on reset value for the ChargingVoltage() reg-
ister is 0x4880; thus, the first time a MAX1645/
MAX1645A are powered on, the BATT voltage regulates
to 18.432V. Any time the battery is removed, the
ChargingVoltage() register returns to its power-on reset
state. The voltage at DAC corresponds to the set com-
pliance voltage divided by 4.5.

AlarmWarning() (POR: Not Alarm)
The AlarmWarning() command uses the Write-Word
protocol (Figure 3a). The command code for
AlarmWarning() is 0x16 (0b00010110). AlarmWarning()

sets the ALARM_INHIBITED status bit in the
MAX1645/MAX1645A if D15, D14, D13, D12, or D11 of
the Write-Word protocol data equals 1. Table 6 summa-
rizes the Alarm-Warning() command’s function. The
ALARM_INHIBITED status bit remains set until the bat-
tery is removed, a ChargerMode() command is written
with the POR_RESET bit set, or new ChargingCurrent()
AND ChargingVoltage() values are written. As long as
ALARM_INHIBITED = 1, the MAX1645/MAX1645A
switching regulators remain off.

Interrupts and Alert Response Address
The MAX1645/MAX1645A request an interrupt by
pulling the INT pin low. An interrupt is normally request-
ed when there is a change in the state of the
ChargerStatus() bits POWER_FAIL (bit 13),
BATTERY_PRESENT (bit 14), or AC_PRESENT (bit 15).
Therefore, the INT pin will pull low whenever the AC
adapter is connected or disconnected, the battery is
inserted or removed, or the charger goes in or out of
dropout. The interrupts from each of the ChargerStatus()
bits can be masked by an associated ChargerMode()
bit POWER_FAIL_MASK (bit 6), BATTERY_PRE-
SENT_MASK (bit 5), or AC_PRESENT_MASK (bit 4).

All interrupts are cleared by sending any command to
the MAX1645/MAX1645A, or by sending a command to
the AlertResponse() address, 0x19, using a modified
Receive Byte protocol. In this protocol, all devices that
set an interrupt will try to respond by transmitting their
address, and the device with the highest priority, or
most leading 0’s, will be recognized and cleared. The
process will be repeated until all devices requesting
interrupts are addressed and cleared. The MAX1645/
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Figure 7. ChargingVoltage() Code to Voltage Mapping

MAX1645A respond to the AlertResponse() address
with 0x13, which is their address and a trailing “1.”

Charger Timeout
The MAX1645/MAX1645A include a timer that termi-
nates charge if the charger has not received a
ChargingVoltage() or ChargingCurrent() command in
175sec. During charging, the timer is reset each time a
ChargingVoltage() or ChargingCurrent() command is
received; this ensures that the charging cycle is not ter-
minated.

If timeout occurs, charging will terminate and both
ChargingVoltage() and ChargingCurrent() commands
are required to restart charging. A power-on reset will
also restart charging at 128mA.
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DC-to-DC Converter
The MAX1645/MAX1645A employ a buck regulator with
a boot-strapped NMOS high-side switch and a low-side
NMOS synchronous rectifier.

DC-DC Controller
The control scheme is a constant off-time, variable fre-
quency, cycle-by-cycle current mode. The off-time is
constant for a given BATT voltage; it varies with VBATT
to keep the ripple current constant. During low-dropout
operation, a maximum on-time of 10ms allows the con-
troller to achieve >99% duty cycle with continuous con-
duction. Figure 8 shows the controller functional
diagram.
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Figure 8. DC-to-DC Converter Functional Diagram
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