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ABSOLUTE MAXIMUM RATINGS

DCINt0 AGND ..o -0.3V to 30V
DCIN to IOUT.. -0.3Vto 7.5V
BST to AGND.. .-0.3V to 36V
BST, DHI to LX -0.3Vto 6V
LX to AGND -0.3V to 30V
THM, CCI, CCV, DACV, REF,

DLO to AGND -0.3V to (VL + 0.3V)
VL, SEL, INT, SDA, SCL to AGND (MAX1647) ........... -0.3Vto 6V
SETV, SETI to AGND (MAX1648)............... -0.3Vto 6V
BATT, CS+t0 AGND.......cooooiiiiiii -0.3V to 20V

PGND t0 AGND ... -0.3V to +0.3V
SDA, INT CUITENL o 50mA
VL CUITENE .o 50mA
Continuous Power Dissipation (Ta = +70°C)

16-Pin SO (derate 8.7mW/°C above +70°C)................. 696mwW

20-Pin SSOP (derate 8mW/°C above +70°C) ............... 640mwW
Operating Temperature Range

MAX1647EAP, MAX1648ESE ........c.ccooveviinn -40°C to +85°C
Storage Temperature...................... -60°C to +150°C

Lead Temperature (soldering, 10S€C) .......c.cccovvvriiiinns +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

(VpcIN = 18V, VREF = 4.096V, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER ‘ CONDITIONS MIN TYP MAX UNITS
SUPPLY AND REFERENCE
DCIN Input Voltage Range 7.5 28 \
DCIN Quiescent Current 7.5V < VpCIN < 28V, logic inputs = VL 4 6 mA
VL Output Voltage 7.5V < VpCIN < 28V, no load 5.15 5.4 5.65 \
VL Load Regulation ILoAD = 10mA 100 mV
VL AC_PRESENT Trip Point MAX1647 3.20 4 5.15 \Y
REF Output Voltage OpA < ISOURCE < 500pA 3.74 3.9 4.07 V
REF Overdrive Input Current 700 PA
SWITCHING REGULATOR
Oscillator Frequency 200 250 300 kHz
DHI Maximum Duty Cycle 89 93 %
DHI On-Resistance High or low 4 7 Q
DLO On-Resistance High or low 6 14 Q
VL < 3.2V, VBATT = 12V 1 5
BATT Input Current (Note 1) pA
VL < 5.15V, VBATT = 12V 350 500
VL < 3.2V, Vcs = 12V 1 5
CS Input Current (Note 1) HA
VL < 5.15V, Vcs = 12V 170 400
BATT, CS Input Voltage Range 0 19 \
CS to BATT Single-Count MAX1§47, SEL = open, 204 mv
Current-Sense Voltage ChargingCurrent( ) = 0x0020
MAX1647, SEL = open,
girtanBtéSgwngltcSﬁ:éee ChargingCurrent( )p= 0X07FO; 170 185 200 mv
MAX1648, VseTl = 1.024V
MAX1647, ChargingVoltage( ) = 0x1060,
Voltage Accuracy ChargingVoltage( ) = 0x3130; MAX1648, -0.65 0.65 %
VSeTV = 3.15V, VSETY = 1.05V
2 MAXI
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ELECTRICAL CHARACTERISTICS (continued)

(VDcIN = 18V, VREF = 4.096V, Ta = 0°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted.)

PARAMETER ‘ CONDITIONS MIN TYP MAX UNITS
ERROR AMPLIFIERS
GMV Amplifier Transconductance 1.4 mA/N
GMI Amplifier Transconductance 0.2 mA/NV
GMV Amplifier Maximum
Output Current =80 WA
GMI Amplifier Maximum
Output Current =200 WA
CCI Clamp Voltage with
Respect to CCV 1.1V < Vcev < 3.5V 25 80 200 mV
CCV Clamp Voltage with
Respect to CCl 1.1V < Vcel < 3.5V 25 80 200 mV
TRIP POINTS AND LINEAR CURRENT SOURCES
)
BATT POWER_FAIL Trip Point MAX1647 86.5 89 915 VSSL
THM THERMISTOR_OR % of
Over-Range Trip Point MAX1647 895 o1 92.5 VREF
THM THERMISTOR?COLD 74 755 77 % of
Trip Point VREF
)

THM THERMISTOR?HOT 22 235 5 % of
Trip Point VREF
THM THERMISTOR_UR % of
Under-Range Trip Point MAX1647 3 45 6 VREF

MAX1647, ChargingCurrent( ) = 0x001F 25 31 35 mA
IOUT Output Current VDCIN = 7.5V,

ViouT = OV ChargingCurrent( ) = 0x0000 10 pA
IOUT Operating Voltage Range With respect to DCIN voltage -7.5 -1.0 \
CURRENT- AND VOLTAGE-SETTING DACs (MAX1647)
CDAC Current-Setting DAC Resolution | Guaranteed monotonic 6 bits
VDAC Voltage-Setting DAC Resolution | Guaranteed monotonic 10 bits
SETV, SETI (MAX1648)
SETV Input Bias Current 1 PA
SETI Input Bias Current 5 pA
SETV Input Voltage Range 0 4.2 vV
SETI Input Voltage Range 0 1.024 Vv
LOGIC LEVELS (MAX1647)
SDA, SCL Input Low Voltage 0.8 Y
SDA, SCL Input High Voltage 2.8 vV
SDA, SCL Input Bias Current -1 1 PA
SDA Output Low Sink Current Vspa = 0.6V 6 mA

Note 1: When DCIN is less than 4V, VL is less than 3.2V, causing the battery current to be typically 2uA (CS plus BATT input

current).

M AXIN
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ELECTRICAL CHARACTERISTICS

(VDCIN = 18V, VREF = 4.096V, Ta = -40°C to +85°C. Typical values are at Ta = +25°C, unless otherwise noted. Limits over this
temperature range are guaranteed by design.)

PARAMETER ‘ CONDITIONS MIN TYP MAX | UNITS
SUPPLY AND REFERENCE
DCIN Quiescent Current 7.5V < VpCIN < 28V, logic inputs = VL 4 6 mA
VL Output Voltage 7.5V < VpCIN < 28V, no load 5.15 5.4 5.65 vV
REF Output Voltage OpA < ISOURCE < 500pA 3.74 3.9 4.07 \Y
SWITCHING REGULATOR
Oscillator Frequency 200 250 310 kHz
DHI Maximum Duty Cycle 89 %
DHI On-Resistance High or low 4 7 Q
DLO On-Resistance High or low 6 14 Q
BATT Input Current VL < 3.2V, VBATT = 12V 5 pA
CS Input Current VL < 3.2V, Vcs = 12V 5 pA
MAX1647, SEL = open,
83;‘;32215:‘{;?&:;6 ChargingCurrent( )p= 0X07FO; 160 185 200 mv
MAX1648, VsgT| = 1.024V
MAX1647, ChargingVoltage( ) = 0x1060,
Voltage Accuracy ChargingVoltage( ) = 0x3130; MAX1648, -0.65 0.65 %
VseTv = 3.15V, VSgTY = 1.05V
ERROR AMPLIFIERS
GMV Amplifier Transconductance 1.4 mAN
GMI Amplifier Transconductance 0.2 mA/N
G e P
P o
TRIP POINTS AND LINEAR CURRENT SOURCES
THM THERMISTOR_OR % of
Over-Range Trip Po_'\nt MAX1647 89.5 91 92.5 VREF
o
$?2/IP'LI‘T|nF;RMISTOR_COLD 74 755 77 \//;E;
o
$?2/|P2?5RMISTOR—HOT 22 235 5 \//;E;
THM THERMISTOR_UR % of
Under-Range Trip P_oint MAX1647 8 45 6 \//REF
SETV, SETI (MAX1648)
SETV Input Bias Current 1 pA
SETI Input Bias Current 5 PA
LOGIC LEVELS (MAX1647)
SDA, SCL Input Low Voltage 0.8 \
SDA, SCL Input High Voltage 2.8 vV
SDA, SCL Input Bias Current -1 1 PA
SDA Output Low Sink Current Vspa = 0.6V 6 mA

MAXIMV
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TIMING CHARACTERISTICS—MAX1647

(Ta = 0°C to +85°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SCL Serial-Clock High Period tHIGH 4 us
SCL Serial-Clock Low Period tLow 4.7 us
Start-Condition Setup Time tSU:STA 4.7 us
Start-Condition Hold Time tHD:STA 4 us
SDA Valid to SCL Rising-Edge

Setup Time, Slave Clocking in Data {SU:DAT 250 ns
SCL Falling Edge to SDA Transition tHD:DAT 0 ns
SCL Falling Edge to SDA Valid, tov ’ us

Master Clocking in Data

TIMING CHARACTERISTICS—MAX1647

(Ta = -40°C to +85°C, unless otherwise noted. Limits over this temperature range are guaranteed by design.)

8VILXVIN/LVI EXVIN

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SCL Serial-Clock High Period tHIGH 4 s
SCL Serial-Clock Low Period tLow 4.7 us
Start-Condition Setup Time tSU-STA 4.7 us
Start-Condition Hold Time tHD:STA 4 s

SDA Valid to SCL Rising-Edge

Setup Time, Slave Clocking in Data {SU:DAT 250 ns
SCL Falling Edge to SDA Transition tHD:DAT 0 ns
SCL Falling Edge to SDA Valid, tov 1 us

Master Clocking in Data
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POWER (W)

(Circuit of Figure 3, Ta = +25°C, unless otherwise noted.)
MAX1647 MAX1647
BATT LOAD TRANSIENT BATT LOAD TRANSIENT
ccl | 11ATO0.0ATO T.1A
o j ccl
y cov Veey
/ 23V v
cel Vegr 100mV/div
9 24V iy ;
— 200mV/div
cev
VBaTT
e AV iy
/ VBaTT
J ! /j 12V 5v/div
/ ; BN d
0.9ATO 1.9AT0 0.9A ;\ ‘/
1ms/div 2ms/div
ChargingVoltage( ) = 0x2EEQ = 12000mV ChargingVoltage( ) = 0x2EEQ = 12000mV
ChargingCurrent( ) = OXFFFF = MAX VALUE ChargingCurrent( ) = 0x03E8 = 1000mA
ACDCIN = 18.0V, SEL = OPEN, R1 = 0.1Q ACDCIN = 18.0V, SEL = OPEN, C1 = 68uF,
R2 = 10k, C1 = 68uF, C2 = 0.1yF, C3 = 47nF €2 =0.1uF, C3 = 47nF, R1=0.1Q
L1 = 22uH, VRer = 4.096V R2 = 10k, L1 = 22uH, VRer = 4.096V
VL VOLTAGE vs. LOAD CURRENT INTERNAL REFERENCE VOLTAGE
55 = 3.86
T . 2
\ g 384 [N\
5.0 g \
3.82
N
45 \ 3.0 N
s =
> & 3.78
= 4.0  S— >I
\ 3.76
35 3.74
CIRCUIT OF FIGURE 3 372
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0 . 3.70
0 10 20 30 40 50 0 05 1.0 15 20
LOAD CURRENT (mA) LOAD CURRENT (mA)
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INPUT AND OUTPUT POWER OUTPUT V-1 CHARACTERISTIC OUTPUT VOLTAGE ERROR
. 0001 0.8 s
Vpein = 28V ‘ ‘ : ‘ ‘ ‘ ‘ E
VATt = 12.6V P BATT NO-LOAD £
ChargingCurrent( ) = OxFFFF 'l 2 w001 OUTPUT VOLTAGE = 16.384V | < 06 H
i = . << <
ChargingVoltage( ) = OxFFFF it = = \ 3mA LOAD
. o o
il = & 04
'q Z o1 & /
/ ‘ z I E— &
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A 5 'l 2 02 <
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CIRCUIT = E oo |M M i s
4 @ E 1 M’*\t oo
724' = =
/ POWER TO BATT B s 10 FVpe =28V, Vpgr = 4.096V 3 Phy 300mA LOAD
| | > Z ChargingVoltage( ) = OXFFFF 0.2 R
‘ ‘ N ChargingCurrent( ) = OXFFFF
100 - - - 0.4
500 1000 1500 2000 2500 0 500 1000 1500 2000 2500 4500 8500 12,500 16,500
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MAX1647 | MAX1648
1 — louT 0ooooooooo
2 1 DCIN 0ooooooooo
3 2 VL 00000O0ODCINOODS.4v000000000000
4 3 Ccv 0000000000000000000
5 4 CCl 0000000000000000000
6 - SEL O00000000SELOVIO000000000000004A0SELDOOOONOOOO
000000000 2A0SELOAGNDO 000000000000 001A000000
7 5 cs Ooooooo
8 6 BATT 00000000000000000
9 7 REF 3.9v0000000000000000000000
10 8 AGND Oooooooo
— 10 SETI 0000000000000000000
11 — INT 0oooOoooooooon
— 11 SETV 0000000000000000000
12 9 THM 0oooooooooon
13 — SCL Oooooooo
14 — SDA Ooooooo
15 — DACV OODACODO
16 12 PGND oooooo
17 13 DLO O00O0O0O0OO0O0OMOSFETOOOOODO
18 14 DHI O000O0O0O0O0OMOSFETOOOOODO
19 15 LX O00O0O0O0OO0OO0OMOSFETOOODOOOOOO
20 16 BST 0000000 O0OMOSFETOOODOOOOOO
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MOST SIGNIFICANT
START ADDRESS BIT (A6) A5 CLOCKED A4 CLOCKED A3 CLOCKED
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v v Y Y '
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01. sSMBusOU OO OOdOooOOooOOoOOoOoOoDOOoODOOoOoOoO
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NOTE 1: C6, M2, D1, AND C1 GROUNDS MUST CONNECT TO 23 E° SMART BATTERY
THE SAME RECTANGULAR PAD ON THE LAYOUT. g 2 STANDARD CONNECTOR
NOTE 2: C5 MUST BE PLACED WITHIN 0.5cm OF THE MAX1647, *

WITH TRACES NO LONGER THAN 1cm CONNECTING
VL AND PGND. HOST & LOAD
*OPTIONAL (SEE NEGATIVE INPUT VOLTAGE PROTECTION SECTION).
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DESIGNATION QTY UNITS NOTES SOURCE/TYPE

Sprague, 595D476X0020D7T, D case

c 47 uF 20V, ESR at 250kHz < 0.4Q AVX, TPSE476MO020R0150, E case
C2,C4,C7,C9 0.1 HF

C3 47 nF

Ch 1 uF 10V, ceramic or low ESR

C6 22 uF 35V

c8 22 nF 10V
NIEC, NSQO03A04, FLAT-PAK (SMC)
NIEC, 30VQO4F, TO-252AA (SMD)

D1 D3. D4 3A Ipbc, 30V Schottky diqde, Motorola, MBRS340T3, SMC
Rt Pp > 0.8W, 1N5821 equivalent Motorola, MBRD340T4, DPAK

Diodes Inc., SK33, SMC
IR, 30BQ040, SMC

50mA Ipc, 40V fast-recovery diode,

D2, D5 1N4150 equivalent
D6 4.3V zener diode,
1N4731 or equivalent
Sumida, RCH-110/220M, 10mm x 10mm x 10mm
L1 22 H +20%, 3A IsAT Caoiltronics, UP2-220, 0.541" x 0.345" x 0.231"
H Note: size in L x W x H Coilcraft, DO3340P-223, 0.510" x 0.370" x 0.450"
Coilcraft, DO5022P-223, 0.730" x 0.600" x 0.280"
Motorola, MMSF5NO3HD, SO-8
Motorola, MMDF3NO3HD, SO-8
Motorola, MTD20NO3HDL, DPAK
Rps, on<0.1Q, Vpss = 30V, IR, IRF7201, SO-8
M1 Pp > 0.5W, logic level, N-channel IR, IRF7303, SO-8
power MOSFET IR, IRF7603, Micro8

Siliconix, Si9410DY, SO-8
Siliconix, Si9936DY, SO-8
Siliconix, Si6954DQ, TSSOP-8

Motorola, 2N7002LT1, SOT23

Motorola, MMBF170LT1, SOT23

Diodes Inc., 2N7002, SOT23

Diodes Inc., BS870, SOT23

Zetex, ZVN3306F, SOT23

Central Semiconductor, 2N7002, SOT23

Rps, oN < 10Q, Vpss 2 30V,
M2 logic level, N-channel power
MOSFET, 2N7002 equivalent

VCE, MAX < -30V, 50mA Ic, CONT,
2N3906 equivalent

IRC, CHP1100R100F13, 2512
R1A 100 mQ +1%, 1W IRC, LR251201R100F, 2512
Dale, WSL-2512/0.1Q/+1%, 2512

R1B 1 Q +5%, 1/8W
R2, R4 10 kQ +5%, 1/16W
R3 10 kQ +1%, 1/16W
R5, R7 10 Q +5%, 1/16W
R6 10 kQ +5%, 1/8W

10 MAXIMN
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MANUFACTURER PHONE FAX 000

AVX (803) 946-0690 | (803) 626-3123

Central Semiconductor | (516) 435-1110 | (516) 435-1824 MAX1647/MAX16480 00 000000000000

Coilcraft (847) 639-6400 | (847) 639-1469 boboooooooooooooooooooooo

Coiltronics (561) 241-7876 | (561) 241-9339 boooboooooooooooogoooooon

Dalo (605) 6684131 | (605) 665-1627 000000000000 O00BATTOOOOOOOO

m (3103223331 | (310) 322.3332 00D0000(Vo)DD0D0000000000000

IRC (512) 992-7900 | (512) 992-3377 D00000000000BATTOO00000000

NIEC (805) 8672555 | (805) 8672698 000D000000000000000(@0)00000

Siliconix (408) 988-8000 | (408) 970-3950 boooooooousAaTTOOOvVODOOOOUODO

Sprague (603) 224-1961 | (603) 224-1430 bopooooboouoooooooooooooon

Sumida (847) 956-0666 | (847) 956-0702 BATTOOOVOOODDOOO0O0D0D00000000

Zetex (516) 543-7100 | (516) 864-7630 oooooooooooooobooooooon
ooooooOooOoosooBATTOOOV-IOOOODO
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ACK Ij<_ BOLD LINE INDICATES THAT

D9 ChargingMode( ) =0x 12
— ChargingVoltage( ) = 0x 15
D10 ChargingCurrent( ) = 0 x 14
D11 B AlarmWarning( ) =0x 16
| ChargerStatus()=0x 13

Do THERMISTOR_OR
D1 THERMISTOR_COLD
D2 ] THERMISTOR_HOT ]
D3 ] THERMISTOR_UR |
D4 | ALARM_INHIBITED N
D5 POWER_FAIL
[ [ ) [} —
D6 3 $  BATTERY_PRESENT
o7 N AC_PRESENT ]
ACK J ACK ACK
CMDO N CHARGE_INHIBITED ]
CMD1 HERE MASTER_MoDEC— [
CMD2 ] é—%’ 0 VOLTAGE_NOTREG ]
CMD3 = CURRENT_NOTREG 1
CMD4 LI [ LEVEL_2
CMD5 g v sl—
CMD6 g o CURRENT_OR [
CMD7 T 0 VOLTAGE_OR
ACK ] S oK ACK ]
W s W R
1 |: 5 1
0 g 0 ]
=
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SC: =
0 S 0 0 g
(=} =
0 = 0 0 B
= =S
0 £ 9 0 5
S gs S
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0 70 OSMBus Write-WordO 00 Read-WordO O O O O
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MAX16470000000SsCLOOOODOSDADDOO
goooooooooooooooooooooooo
goooobooooooooooooooooooonon
MAX16470 0000000000 0bO001001(0bO
00000000)Y§OoooooOwrite-Wordd OO O OO
0O0o0x12(0x0 16000 00)0Read-WordD OO OO
goooxiasgooooooo@ooooyooooo
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oooooooooooo)o

ChargerMode( )

ChargerMode( )0 000 OO Write-WordO OO O QOO
OO0D0OO0O0O0OChargerMode()DOOQOQOOOO
0x120 0000000 Write-WordD O 0 00O O CMD7
O CcMDOO OO 0O obooo100O10IIODODOOOOO2
00l1e00000000000(DOOD1S) 00000
0000000000 o0oUdWrite-wordO OO OO
opooOoooOoOooo@7)o

BATTERY_PRESENTO OO OOOOOOCOOOOOO
00O ChargerMode( )00 O0O0QooooooanO
HOT STOPO O UOOOOOOOOODOOOOODOOOO
ooooooOoOoOODDOOOOHOTOO(M@MOOO
THERMISTOR_HOT = 10 0 THERMISTOR_UR = 0)
oooU0oooooooo0ooooooouoooao
ChargerMode( ) U OO OOO0OOOHOT STOPO O OO

02. ChargerMode()0DODOODODO

gbobooboobogoodoT_STOPOOOOOOOODO
pgooooopooopoopoooo(ry)yYyopoooo

ChargingVoltage( )

ChargingVoltage( )J 00O 00O O Write-WordO O O O O
000000XChargingVoltage() D OOOOOOOO
Ox150 0 000000 Write-Wordd 0 O 0O 0 O CMD7
ocMboO O OOobooO101010000O000O00O
pDisgpboUd0dOdOoO0o16e00000000OO0OOO
oo(vo)booOoUOoOoUOoODUODODOUODODODO
MAX16470voOOOODOOOOOOOO16MVOOO
gooobpoODbiobD200D30000O0O0OOOOO
D15=D14=00000000000000000

VDAC

VOLTAGE_OR =000VO(VOO) = 4xREFx m
2

010 O VDACO ChargingVoltage() D OO QOO QOO
g0oo00Dbi3bbpilz20Dp110Di1o0DboOOI D8O D70
De0D500D400000000D1I000000D00O
000D40D13000000O00O0O0O0OVDACO
Obl111111111(1023) 010000000000
D150 0D1400000D1SOD1400000000O
O000OODAC(DGa) 0O O0OOOOD1I30DOOO
g00000o00O0O0DOOO0ODOVvVOLTAGE ORO OO
Jgo00o0bO000OD1s5 =10D14 = 10000000
goooooooo

10 _
VOLTAGE_OR = 100VO(VO O) = 4xREF ><2 5 !
2

oooag ooooo*| PORO ** ooo
INHIBIT_CHARGE o o O0=00000000CHG_INHIBITEDODOOODOOODOO
1=0000000000CHG_INHIBITEDOOOOOOOOO
ENABLE_POLLING 1 — ooo0ooobOO0ooooOooonOOoOooOoOOoonO
0 = OChargerMode( )0 OO0O0O0O0O0OO
POR_RESET 2 — 1=00000000000000xFFFFOOO0x00C0o0 OO0
THERMISTOR_HOTO O ALARM_INHIBITEDO OO O OOO0O
RESET_TO_ZERO 3 — ooo0ooobOO0ooooOooooOOoOOOoOOoOnO
4,7,8,9,
N/A 11-15 — 0oo0oo0oobO00oO0oD0o00l10000o00o0o0ooo
BATTERY_PRESENT MASK 5 o 0 =BATTERY_PRESENTO O O0O0OO0O0O0O0OO0OOO0DOOOOODO
1 =BATTERY_PRESENTOOODOOO0ODOOOODOO
POWER_FAIL_MASK 6 1 0=POWER_FAILDOOOOOOO0OOOOOOODOOOO
1=POWER_FAILOODOOOOODOOOODODO
=THERMISTOR_HOTO OO OOODOOOODODOOODOOO
HOT_STOP 10 1 0 STOR_HO
1 =THERMISTOR_ HOTO O OOOOOOOOODOOOOOOO

*D1s0Dbo00000000000
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ggovo(oooooooooooooooo)o
ChargingVoltage( )0 000000000 OOOOOOO

ChargingVoltage( ) U OO OOOOOOOOOODOO
OOxFFFOO OO OODOOOMAX164700000000
O00000BATTOODO16.368v0 0000000
(VRer = 4.096V0 0 0 )0 BATTERY_PRESENTO O
00000000000 ChargingVoltage()O O OO
ooo0ooooooooooooooo

ChargingCurrent( )

ChargingCurrent( )OO 0 0O 0O 0O O Write-WordO 0 0O O
00000O0D00OChargingCurrent( )OO0 oooono
00x1400000000Write-WordDODOODOO
CMD70 CMDOO O 0 0 0b0OOO10O1000 00000
gobisgobodUiOpOoOoi1e000d0OO0OOODOOO
oooooooo@o)pooooooUoOoooUOoo
OO0SELOAGNDOOOOOOOIIOODOODOOOO
1.023A000000SELOO00O0OOOOOOIon0O

oooopbz2o047A000000SELOVLOOOOODODO

ioooooobooob4.095A0 000000

MAX1le6470 04020 00000000O0OO0OOOOOO
gboboooooobooooobooooboooooooon

16.368

VRer = 4.096V

12.592

8.400

VOLTAGE SET POINT (V0)

4192 [ /

0

0b000000000000Xxx  0b000100000110xxxx  0b00100000110T0xx ~ 0b00110001001 130~ 0000111111111 100x  Ob11111111111 000
0x000x 0x106x 0x20Dx 0x313x Ox3FFx OxFFFx

ChargingVoltage( ) D15-D0 DATA

08. ChargingVoltage( )OO OOQOOOOOOODODOO
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ooooooooonononnn

|oUTO 0000000000000 0oooooooo covO 0000000 0VOLTAGE NOTREG =100 00
0O00RLOIOODOOOOOO0OOOOOIOUTOOO OD@Ooo0ooO0covoOooooooooooooca
0000000000000 00000000o00no 000000000oo0ooo)d
vobooooooooooooooooooooooo 0000000000000 00000RIOO00O0O0O
voooooooog (03)00000000000CSOBATTOOOOODOO
IOUTO 0 1mMAD31mAO 000000000000 O03 0000000000000 0000600000DAC
0 O ChargingCurrent()0 000000000000 0000000000000 000ODASD DAOD OO
0D0IoUTOODOODOODODOODOODOODODODD DACOODDODOODDOODODOOODO0OOODACOOO
Ccv_LowO O OOOOOCCVOREF/40000000 OCSOBATTOOOOOOOO0O0O0O0O000OO0O
0ooooooonoonoonoooooobid  ggggoooo0000000000000DHIOOO
0 00 CCV_LOW=1(CCV < REF/40 0)0 0 0 010UTO 00LXO0OOO0ODLOOOOOO0D0000000000
JO0000000D00O ChargingVoltage() DO OO OOdd 0000000000000 00000ooooonn
00000000000000000000000000
03. 1oUTOOOD0OOOChargingCurrent()O0ooonQ
CHARGE_ NOTE 1) ALARM_ ChargingVoltage() | ChargingCurrent() | CCV_LOW VOLTAGE_ OlIJ(?FLIiTUT
INHIBITED | ¢ INHIBITED gingvoltag ging — NOTREG | i mrenT

0 0 0 0x0010-OXFFFF 0x0001-0x001F 0 X 1mA-31mA

0 0 0 0x0010-OXFFFF 0x0001-0x001F 1 0 omA

0 0 0 0X0010-OXFFFF 0x0001-0x001F 1 1 1mA-31mA

0 0 0 0x0010-OXFFFF 0x0020_OxFFFF 0 X 31mA

0 0 0 0X0010-OXFFFF 0X0020OxFFFF 1 0 omA

0 0 0 0X0010-OXFFFF 0x0020_OxFFFF 1 1 31mA

0 0 0 X 0x0000 X X OmA

0 0 0 0x0000-0x000F X X X omA

0 X 1 X X X X OmA

0 X X X X X OmA

1 X X X X X X OmA

Note 1: Logical AND of THERMISTOR_HOT, HOT_STOP, NOT(THERMISTOR_UR).

185

©
=

AVERAGE CS - BATT VOLTAGE
IN CURRENT REGULATION (mV)

SEL = OPEN OR SEL = VL

2.94
0b000001

0b100000
CURRENT DAC CODE, DA5-DA0 BITS

0b111111

09. CsOBATTOOOOOOOOOODACOODO

M AXIN
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04. O0ODACOOOOChargingCurrent( )0 OO0

CURRENT
E\::IAI;ﬁgS (NOTE 1) IQII-_I;AI\BFI{IMED ChargingVoltage() SEL ChargingCurrent() DAC S\AOIS?EG (NOTE 2)
CODE
0 0 0 0x0010-0xFFFF ov 0x0001-0x001F 0 No 0
0 0 0 0x0010-0xFFFF ov 0x0020-0x003F 2 Yes 0
0 0 0 0x0010-0xFFFF ov 0x0040-0x03DF 4-60 Yes 0
0 0 0 0x0010-0xFFFF ov 0x03E0-OX03FF 62 Yes 0
0 0 0 0x0010-0xFFFF ov 0x0400-0xFFFF 62 Yes 1
0 0 0 0x0010-0xFFFF open 0x0001-0x001F 0 No 0
0 0 0 0x0010-0xFFFF open 0x0020-0x003F 1 Yes 0
0 0 0 0x0010-0xFFFF open 0x0040-0x07DF 2-62 Yes 0
0 0 0 0x0010-0xFFFF open 0x07E0-Ox07FF 63 Yes 0
0 0 0 0x0010-0xFFFF open 0x0800-0xFFFF 63 Yes 1
0 0 0 0x0010-0xFFFF VL 0x0001-0x001F 0 No 0
0 0 0 0x0010-0xFFFF VL 0x0020-0x003F 1 Yes 0
0 0 0 0x0010-0xFFFF VL 0x0040-0x007F 1 Yes 0
0 0 0 0x0010-0OxFFFF VL 0x0080-0x0F9F 2-62 Yes 0
0 0 0 0x0010-0xFFFF VL 0xOFAQ-0xOFBF 63 Yes 0
0 0 0 0x0010-0xFFFF VL O0XOFCO-0xOFFF 63 Yes 0
0 0 0 0x0010-0xFFFF VL 0x0001-0xFFFF 63 Yes 1
0 0 0 X X 0x0000 0 No 0
0 0 0 0x0010-0xFFFF X X N/C No N/C
0 X 1 X X X N/C No N/C
0 1 X X X X N/C No N/C
1 X X X X X N/C No N/C
Note 1: Logical AND of THERMISTOR_HOT, HOT_STOP, NOT(THERMISTOR_UR).
Note 2: Value of CURRENT_OR bit in the ChargerStatus( ) register.
N/C = No change
05. SELODOODOOO0OChargingCurrent( )00 000O0O0OO0ODOOO
SEL (r':;) D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
AGND | 181 0 0 0 0 0 0 DA5 | DA4 | DA3 | DA2 | DA1 14 13 12 I 10
Open | 90 0 0 0 0 0 DA5 | DA4 | DA3 | DA2 | DA1 | DAO 14 13 12 1 10
VL 45 0 0 0 0 DA5 | DA4 | DA3 | DA2 | DA1 | DAO * 14 13 12 1 10

*When SEL = VL, D5 = 1 forces DAO to be 1 regardless of the D6 bit value.

0400 ChargingCurrent() D 00000000000
O00o0ooOoOooobACOOODOOOODOOOOO

SEL = AGNDO 0 0OR100.185/1.023 = 181mQ 0O
00000ooooooooo0O0O000ocCharging
Current( )DOOOOODOOOODOOOODODOOOO
O0000000OSEL=0000000R1I090MQO
O00000000SEL=VLOOOR1IO045mQO0O
0000oooooo0000O0OO0OSB00SELORIOODO
00000 ChargingCurrent() D 0000 O D150 DO

20

000000000000 0000DASODAOCOODO
DACOOOOOOOOoOoOmMgiooiouTboooooo
gbooooooooooooooooobACOOn
gbooobooooOoooOooOoooOoooooOoooooo
O@E1ImADOODODO0O00OO0OO0DODOO0O00OO

ChargingCurrent( )00 0 O00OOO000ODOOOCOOOO
Ox000CO O OSELOOOOODOODOODOOMAX1647
glodoi1zmAO00O0O0O0O0O(@C0OODASODAOOIL
goloooooooBoizooooo)yooooooo

MAXIMV




ooooooooonononnn

OOOBATTER_PRESENTO OO OOOOOO@OOO
J000000)dODODOOChargingCurrent()O OO0
00o0ooo0oOo0oOoU0ooOoOooooooOoooo
0oo00ooOoOooooooo1zmADOOOOO

AlarmWarning( )

AlarmWarning( )0 000 0O O Write-WordO O O OO
0000000OChargingVoltage() U O OO OOOOGQd
Ox160 0000000 Write-Wordd 0 0 00 O CMD70
cMboO OO OdobooOO101100000O000OO
AlarmWarning( )0 0 0O 0O O O Write-WordO O O O O
0O00O0bis0bi1400D12010000MAX1647
OALARM_INHIBITEDOODODOOOOOOODOOO®G
OO0AlarmWarning()D OO0 0oQ0OoOOOooooOO
0000ALARM_INHIBITEDO O OO OO OBAT-
TER_PERSENT = (0D 00D0DO0OODOOOO)DO
POR_RESETOODOODOODOODOODOOCharger
Mode()OJOOOOOOQOODOOUODOODOODO
ALARM_INHIBITED =100 0000 MAX1647
goooooOoooooooollouTooooooo
goooooogoo

ChargerStatus( )

ChargerStatus( )0 000 0O 0ORead-WordO O OO O
OO00O0OO00OChargerStatus()0O0O0C0O0OO0O0OO
Ox130 000000 0OWrite-Wordd 0 0 00O CMD70
cMDOO O OOObOOO10OO11I0DOOOODOOO
ChargerStatus( )0 000000000000 OOOOO
OO0MAX1e4700000000D0O0O00O0OOCDO
Read-WordD O O OO OO D15ODO0OOOOO@7)0T
O7v000D0DO00ODODODODODODOODOODOO
J00o0o0DDoDOoOO0O0(THERMISTOR_HOTO O
ALARM_INHIBITED)O O BATTER_PERSENT =000
00000OPOR_RESETO OO =10 ChargerMode( )
goooooooboboboobo

06. AlarmWarning()UOOOO04dO

000 0OAlert-Responsel] 0 0 0

DCINDOOOOOOODOOOBATTERY_PRESENTO OO
0000000000 OPOWER_FAILOOOOOOOO
000000000000 (NTODOOD0000)0BAT-
TERY_PRESENTO O POWER_FAILO OChargerMode( )
gooooooOoOoOo/000O0O0OoDOoOoOoOooOoOoO
JUOoOoOINTODOO0O0O0ODO0O0000ooooog
gooooOooooOoOoOOOoOO2000000012
O0OChargerStatus() 0 000000000 O0oooog
010 0 0x19 Alert-Responsel] O 0 [0 O Receive Byte
0000000000000 0O0OMAX16470 00x89
gooO0OAlert-Responsel D OO OOOOODOO

ggoooobooogd

MAX16470Duracell0 00000000
oooooo

000000DDO0OMAX1647 INTOOOOOOOO
goooooooooobooooboooboooDbooo
gboooobpcINObOOoOoooooooooooono
gobobooooboooooooboooobooooo

DOMAX1647:
{MAX16470 000000000000
{MAX16470 00000000

TEMPWORD = ReadWORD(SMBADDR =
0b00010011 = 0x13, COMMAND = 0x13)

{00oooooOooooOooooooooooooo
ooooD0D0O000OO0O0OO0THERMISTOR_OR =1,
BATTERY_PRESENT = 00 O O O O 0O O
0b1011111011111111 = OxBEFFO O O [}

IF (TEMPWORD OR OxBEFF) = OxBFFF THEN
GOTO NOBATT:

{0o0oo0oooooOooOooopDoooUoDOooDo
BATTERY_PRESENT=10000000
0b1011111111111111 = OxBFFFO OO 3

AlarmWarning() WRITE-WORD PROTOCOL DATA

RESULT

D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6

D5 D4 | D3 | D2 | D1 | DO

1 X X X X X X X X X X X X X X X Set ALARM_INHIBITED
X 1 X X X X X X X X X X X X X X Set ALARM_INHIBITED
X X X 1 X X X X X X X X X X X X Set ALARM_INHIBITED

M AXIN
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IF (TEMPWORD OR OxBEFF) = OxBFFF THEN
GOTO HAVEBATT:

GOTO ENDINT:

HAVEBATT:
(000000000000000000000000
0000000000000 BatteryMode()O 00 O
00000CHARGER MODED OO OOOOOOOO
oooooo

WriteWord(SMBADDR = 0b00010110 = 0x16,
COMMAND = 0X03, DATA = 0x4000)
GOTO ENDINT:

NOBATT:
{AC00D0D000000000000000N0NONOO
oo

GOT ENDINT:

ENDINT:
{0oooooooon

goooooooooboooooboooooooboooo
gooooooooobbooooooooooooboooa
gbooooooooooooobooooboooood
O00OMAX1e470 0000000 O0OOCODOOOOOO

DOPOLLING:
{00o0ooOooO0oooon

{0 0O000ChargingVoltage() D OO OOOOOOOO
oopoooooog

TEMPVOLTAGE = ReadWord( SMBADDR =
0b00010111 = 0x17, COMMAND = 0x15)

{00000ChargingCurrent()DOOO0OOO0O0O0O0OO
oooooooog

TEMPCURRENT = ReadWord( SMBADDR =
0b00010111 = 0x17, COMMAND = 0x14)

{0 00000000 TEMPVOLTAGEO TEMPCUR-
RENTOOOOOUOOOOODOODODOOoDOoooboooo
0o0oo0oooooooooooog
{TEMPVOLTAGEO TEMPCURRENTO OO OOOOO
JO0000O0oD0OO00oOOO0U0OO0OMAX1e470000O}
WriteWord(SMBADDR = 0b00010010 = 0x12,
COMMAND = 0x15, DATA = TEMPVOLTAGE)

WriteWord(SMBADDR = 0b00010010 = 0x12,
COMMAND = 0x14, DATA = TEMPCURRENT)

ENDPOL:
(00000000 oooog

22
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gooooooooooooobooooooooboooo
opcoboOozo00b0O0O0O0oO0O0OboO0OoboOooOoboOn
ooooobooooooboobpcooobooooooooo
gooooooooooboooooooboooDbDooo
celO0O0OO0OOOoOoOoooOooooDOODbOsOo
ooooop40oooooood

pCOO00O00oOogoooooooooooooobooo
DA0O0OO0O0DOOOO00O00DOOOO0OO0O0D400O0O
goooooooooooooooo

MAX1647 AA0 000000000 O0000CODOD

MAX164700004A0302A0)0000000000
gbooooooooooooooooooooboooo
OO0OO0O0OO0OO0SELOREFODOOODOOOODOOODOSO
bobo4Ad00000O0O0O00O00O0O0DO0O0O0O00
goodooobooooooooooo

03000000DP400000000O00O0ODOOO@O
O0oo0oopoooboooooooooooo)yoo
goooogooooooooooooooooboooDo
gobDOop400000000D04A00000DOODO
ooobobp400000oooobpPAKODOOOOOOOO
0000 Motorola MBRD835L 8A0 00O OOOOO
uboboooobOobOobOOo4A00O0ODOODOOOO0
00000000D4020cm200000000000
goboooobooooooooobooooo

Motorola MBRD835L0 0 D30 0000000000
4A0 M10 O M20 O O Siliconix Si4410DYO 0000

000M202N7002(0 1)00si4410DY0 00 OO

MAX164702000SSsopPO 00000000000

gooooooooooooooooooooooan
goooooooooooooooooboooboooo
goooooooooooooobooobooDbooo
0 000 Cailtronics CTX20-5-52 20pyH 5A0 0000
gobooooboooobooooboooobooooo

R1IAD4A00O0D0O00O0O0DOCO3000D0000OO
goooobOoooooo4A000OOO0OOOOCOO
R1AODOOS50mQOO0OOOO0DOOIRCOLR2512-
Ol-ROS50-FOO0O00O0O0O0DOOOOOOOOOOOO
ooboiwoooooooo
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0 7. ChargerStatus()0 00000

oo goooo |pooooo-z? gooo
0o=00000000000000

CHARGE_INHIBITED 0 © 1=000000010UTOO = OmAODLO = PGNDO DHI = LX

MASTER_MODE 1 N/A gooooo
0 =BATTO OO OOOOO(BATT =V0)

VOLTAGE_NOTREG 2 X 1=BATTOOOO0OOO0OOO(BATT <VO0)
0=R1O0000000000OOIBATT =10)

CURRENT_NOTREG 3 X 1=R100000000000000(IBATT <10)

LEVEL_2 4 N/A ooiooog

LEVEL_3 5 N/A gooooao
0 = ChargingCurrent( )0 0 MAX16470 0 00

CURRENT_OR 6 X 1 = ChargingCurrent( )J O MAX16470 0 0000000000
0 = ChargingVoltage( )0 O MAX16470 000

VOLTAGE_OR / x 1 = ChargingVoltage( )0 O MAX16470 00000000000
O0=THMODO <REFOOO91%

THERMISTOR_OR 8 x 1=THMOO >REFOO0O91%

0 =THMODO <REFOOO 75%

THERMISTOR_COLD 9 x 1=THMODO > REFD OO 75%
00000000SROOOOOOOO(THERMISTOR_ HOTO OO ODOOOO)
0000000THMOREFO 23%0 00000 THERMISTOR_HOTO OOOO

THERMISTOR_HOT 10 ° 00000000 ODOBATTERY_PRESENT=000000OPOR_RESET =1
OChargerMode( )00 O 0OO0O0OOOOOOOODOO
0 =THMOO > REFOO0O 5%

THERMISTOR_UR 11 x 1= THMO O < REFD 00 5%
O00000000SROODOOOOOOALARM_INHIBITEDODO OO OO OOO)
0000000AlarmWarning( )0 0000D150D1400D12000000

ALARM_INHIBITED 12 o 000000 0ODOOODALARM_INHIBITEDOOOOOOOOOOOOOOODO
BATTERY_PRESENT = 00 0 0 O O POR_RESET = 10 ChargerMode( )0 O
OO0DO0OOOALARM_INHIBITEDOOOOOOOOO
0 =BATTO O < DCINO O[O 89%

POWER_FAIL 3 X 1 =BATTO O > DCINO O U 89%
0=000000(THEMISTOR_OR = 1)

BATTERY_PRESENT 4 X 1=000000(THEMISTOR_OR = 0)

AC_PRESENT 15 x 0=VvLOO <4v

1=vLOO >4V

*DisOopooOoOoOOOOOOO

N/A=0000

M AXIN

goooo

TRANSISTOR COUNT: 3612
SUBSTRATE CONNECTED TO AGND
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oooono
o INCHES MILLIMETERS
MIN | MAX | MIN | MAX
A | 0068 | 0078 | 1.73 | 1.99
Al [ 0.002 | 0008 | 005 | 021
H H H H H H H B 0.010 0.015 0.25 0.38
C [ 0.004 | 0008 | 009 | 0.20
* T D SEE VARIATIONS
E * I% “* E | 0205 [ 0209 | 520 | 538
\ e | 0.0256 BSC 0.65 BSC
¢ T 7 H | 0301 [ 0311 | 7.65 | 7.90
ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ — c L 0.0e25 0.0?7 0.6\’3 0.9\’5
L —| [-— 3 0 8 0 8
INCHES |MILLIMETERS
DIMPINS =0, 5 TMAX | MIN_ | MAX
e D | 14 |0.239]|0.249] 6.07 | 6.33
*‘ ‘* * SSOP D | 16 |0.239]0.249| 6.07 | 6.33
) \ D 20 |0.278|0.289 | 7.07 | 7.33
juinin} \q[jﬁ[jﬁ[jji A SHRINK D | 24 0317|0328 807 | 8.33
ol * * SMALL-OUTLINE D | 28 |0.397]0.407 | 10.07 | 10.33
B Al PACKAGE 21-0056A
- D —— -
om INCHES MILLIMETERS
MIN | MAX | MIN [ MAX
A | 0053 | 0069 | 1.35 | 1.75
D/ * Al | 0.004 | 0010 | 010 | 0.25
Yoo B | 0014 | 0019 | 035 | 0.49
A * j% o8 C | 0007 | 0010 | 019 | 0.25
\ B * E | 0150 | 0.157 | 3.80 | 4.00
l ‘ @ T 7 e 0.050 1.27
—|e —— ¢Al H | 0228 | 0.244 | 580 | 6.20
c L — L | 0016 | 0050 | 040 | 1.27
- INCHES  |MILLIMETERS
? T Narrow SO DIM [PINS "N TmMAX | MIN | MAX
E N SMALL-OUTLINE D | 8 [0.189 [0.197 | 4.80 | 5.00
‘ PACKAGE D 14 |0.337 |0.344 | 855 | 8.75
. D | 16 |0.386 |0.394 | 9.80 | 10.00
— i (0150 In-) 21-0041A

LFINTOBRREH e 0952326141 FAX, (0332326140
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