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ABSOLUTE MAXIMUM RATINGS

V10 BAT T o -0.3V, +7V

BATT-10 GND ..o +1V
BATT+ to BATT-

Power Not Applied.........ccoooiiiiii +20V

With Power Applied ..o, The higher of 20V or

+2V x (programmed cells)

DRV 10 GND ..o -0.3V, +20V

FASTCHG to BATT- ...

All Other Pins to GND
V4 Current......ooooeiiiiei
DRV CUIMENt. .o 100mA

REF CUMENt. .ot 10mA
Continuous Power Dissipation (Ta = +70°C)
Plastic DIP (derate 10.563mW/°C above +70°C............ 842mwW
Narrow SO (derate 8.70mW/°C above +70°C ............. 696MmwW
CERDIP (derate 10.00mW/°C above +70°C................. 800mwW
Operating Temperature Ranges
MAX71_C_E oo 0°C to +70°C
MAX71_E_E oo -40°C to +85°C
MAX7A_MUE ..o -55°C to +125°C

Storage Temperature Range -65°C to +150°C
Lead Temperature (soldering, 10S) .......ccccoocvvvvriviinnen.. +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

(lv+ = 10mA, Ta = TmIN to Tmax, unless otherwise noted. Refer to the Typical Operating Circuit. All measurements are with respect to

BATT-, not GND.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
V+ Voltage 5mA < lv4 < 20mA 4.5 55 V
Iv+ (Note 1) 5 mA
BATT+ Leakage V+ =0V, BATT+ = 17V 5 PA
BATT+ Resistance with Power On PGMO = PGM1 = BATT-, BATT+ = 30V 30 kQ
C1 Capacitance 0.5 uF
C2 Capacitance 5 nF
REF Voltage OmA < IREF < TmA 1.96 2.04 \
Undervoltage Lockout Per cell 0.35 0.50 \
External V| jmiT Input Range 1.25 2.50 \
THI, TLO, TEMP Input Range 0 2 V
THI, TLO Offset Voltage (Note 2) 0V < TEMP < 2V, TEMP voltage rising -10 10 mV
THI, TLO, TEMP, V| jmiT Input Bias Current -1 1 HA
Vi miT Accuracy ;GZ\I\//IS X%I\(A;RAT 3\5/\: 5mA <IpRv < 20mA, -30 30 mV
Internal Cell Voltage Limit Vumim = V+ 1.6 1.65 1.7 \
Fast-Charge Vsense 225 250 275 mV
PGM3 = V+ 1.5 3.9 7.0
i PGM3 = open 4.5 7.8 12.0
Trickle-Charge Vsense PGM3 = REF 20 156 200 | "
PGM3 = BATT- 26.0 31.3 38.0
Voltage-Slope Sensitivity (Note 3) MAX713 25 mv/ia
MAX712 0 per cell
Timer Accuracy -15 15 %
Battery-Voltage to Cell-Voltage
Divider Accuracy 15 15 %
DRV Sink Current VDRv = 10V 30 mA
2 MAXIMV
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ELECTRICAL CHARACTERISTICS (continued)

(lv+ = 10mA, Ta = TmIN to TmAx, unless otherwise noted. Refer to the Typical Operating Circuit. All measurements are with respect to
BATT-, not GND.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
FASTCHG Low Current VEASTCHG = 0.4V 2 mA
FASTCHG High Current VEASTCHG = 10V 10 pA
A/D Input Range (Note 4) Battery voltage +~ number of cells programmed 1.4 1.9 \

Note 1: The MAX712/MAX713 are powered from the V+ pin. Since V+ shunt regulates to +5V, R1 must be small enough to allow at
least 5mA of current into the V+ pin.

Note 2: Offset voltage of THI and TLO comparators referred to TEMP.

Note 3: ta is the A/D sampling interval (Table 3).

Note 4: This specification can be violated when attempting to charge more or fewer cells than the number programmed. To ensure
proper voltage-slope fast-charge termination, the (maximum battery voltage) + (number of cells programmed) must fall
within the A/D input range.

REEEFE

(Ta = +25°C, unless otherwise noted.)

CURRENT-SENSE AMPLIFIER CURRENT-SENSE AMPLIFIER
FREQUENCY RESPONSE (with 15pF) FREQUENCY RESPONSE (with 10nF)
20 MAX712/13 tocO 40 20 IMAX712/13 tocO:
T T 1T T T 1T 0
N C2=15pF || €2 =10nF
\ FASTCHG = 0V N FASTCHG =0V ]|
10 < 0 10 0
N N\ — ™ N\ —~
_ b Nl Ay e _ N N AV &
g \ \ 5 g &
= [N 40 & =0 40 =2
3 \ \ 2 3 ) v
N\ N =4 [ (2]
\ \ & T
BATT- cc \ \ \\N
A0 | i p— 2 \ -80 -10 S -80
@ SENSE Vour \
= AMP R
GND BATT-
20 L -120 20 120
1k 10k 100k M 10M 10 100 1k 10k
FREQUENCY (Hz) FREQUENCY (Hz)
CURRENT ERROR-AMPLIFIER SHUNT-REGULATOR VOLTAGE ALPHA SENSORS PART No. 14A1002
TRANSCONDUCTANCE vs. CURRENT STEINHART-HART INTERPOLATION
100 : : } } } — % 58 ‘ ‘ ‘ ‘ % ‘]6 MAX712/13 toc05 35
FASTCHG =0V, V+ =5V —] § 56 |~ DRV NOT SINKING CURRENT § 14 Y 20 g
= = 54 2 " : \ / =
= N S 12 A % =
= N P = b =
= 10 X s 52 g P - 5
= S u e = 10 / 20 £
= N = 50 /7 DRV SINKING CURRENT — 3 / =
= S 48 / £ 08 15 2
w - a- X =
+ a N =
£ 1 . = 46 / / = // \ 5
= | E 06 < = 0=
= N i4 V4 " =
N\ 42 04 —~~— 5 &
- T — o
0.1 40 0.2 0
195 197 1.99 2.01 2.03 2.05 0 10 20 30 40 50 60 0 10 20 30 40 50 60
VOLTAGE ON CC PIN (V) CURRENT INTO V+ PIN (mA) BATTERY TEMPERATURE (°C)

MAXIMN 3
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(Ta = +25°C, unless otherwise noted.)
MAX713
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NiCd BATTERY CHARGING
CHARACTERISTICS AT C RATE

MAX712/13 toc06
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i ¥ Hae
| v BAOEINBEEEBZELET., /N\YTUDBFEEBATT+ - BATT-)IE. Vumr x (BB EICIE
LIMIT BYUFEFhe VUmTE2 BV EICIELENTL S0, BEEETIE. VumTEVrerl BB LE T,
2 BATT+ ED/NY T Dls+
PGMORUPGM1IE. REINREHDBEIIIMAESZELEY, PGMOBLUPGM1%, V+. REF,
PGMO BATT-OW\INADEVICHERET DH. EI3IHERICTDIET. BT DEILEE~16MIC
3,4 PGM1 BEITDHIENTEZT(ERD), LA IUEDIBEICIE. [UZ7E— RTOSEY/ILE] DEE
SBLTLEE . TOTTLSNEEILREVESZ ., FLIEVENEILBERETDE, AVEE
ERTHRENBITONDZENBYET,
5 THI FREEIVAL—SDNSy TRA Y MEBRELET, TEMPOBEATHIZBZ BST, 2RABEETLET,
6 1.0 TEREBEI/SL—5D Ry TIRA Y b EBRELE T, TEMPOEENTLOM T DIREETMAXT7 12/MAX713
BN =7y FUIEE. BRAEIIZIESN, TEMPEEDTLOM EEBDETHRBIIEBLET Ao
7 TEMP Y—I XN ODREKREEEDEREAN
5 FasTonG | =Y LAV DBERBERT—5 RHHTS . MAXT12/MAXT 1353y 7 ZREFERICI,
FASTCHGIZEBRAZL o LET., RERTRICIZN2ILFRENBB L. FASTCHGIS Vv oERIELET,
PGM2 PGM2E L UPGM3IE, 2RARENEARBEZREL T, PGM2RUPGM3%, V+. REF. BATT-
9,10 PEMS DNTNADE VBT BH. FldA—TUNCTDIET, YA LTI E33~264DRBICHBET
BZENTEFT(RI), F/o. PCM3IIREREE M VN REEDOERLEOBREICEANE T (ED),
11 cc EEBRRENIL—TOREAS
12 BATT- an/\yT ) DisF
13 GND DRF LTS5 R, BATT-EGNDRBICHERG LIERICE Y . Ny TUICRNRADEREE=ZY L $ 7,
14 DRV HEPNPER — 2 &BE T B/=DDER VY
15 Ve S hLEIL—F, V+EVDEEEIBATT-2E%E L. +5VICERE(LEN. MAXT12/MAX7 1313
ZD+EVH SBHEBTEELET,
16 REF 2V T LA H

MAXIMN
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MAX712/MAX7T13DEWNHIIBHETYT, 2L
E— RORRREBEEIE. W< DOHNDEFEHEGEZ TV T

J:D—C;R;+3_6Lthtggg_o IJ—Zﬁ:E FODDXD+L;\

BRREIVDVLEHRERCLAFMICEREHELET,

1) FRITDIEED/NNYTIIZDNNTD, BARESR
PHREOTTHEICELTIE. /NyT U A=HDH

BIEICLENDTTFE W RIS, —BOEHA
RoA2&ERLET,
xR1. BEREORTHE
Charge NiMH Batteries NiCd Batteries
Rate
AV/At and
AV/At and/or
>2C temperature, temperature, MAX713
MAX712 or MAX713
AV/At and/or
AV/At and/or
2CtoC/2 | temperature, temperature, MAX713
MAX712 or MAX713 ’
<C/2 AV/At and/or AV/At and/or
temperature, MAX712 temperature, MAX713

2) REL—FZRELEIT(RIBLUKRLER), D&E
REBORRKY A LT D MFEIF2640 DD, &5
RRE2RFTEL— MMIC/4IEIFT, C/3L—b
T3, M3FBTNYTUERETEEZ T, ZDL—h
TRETDEICHERERIT. UTDHICLDTMA
B CEBHTEZY,

IFAST = (MANBERITD/ Ny T BE)
(hEE(I T DT ERFA)

INYTIICEDTIFRBHMERIIBON I TIET I D720,

C/3L—hDREFRETIIIFELE5D MM DATBEMEA

HMFT . INIEIMAXTT12/MAXT13DEHEHINER

Tl Ny TURTEITRIVFAMEZ T IV

ZIMINDEDMERICLDEDTY,

3) RBEIDEINHMERELEI(R2). LL/NYTU
2y oh M eIV ZBADHBEICE. [VZ7E—R
TOBEINCINERIDEZSRL TS\, TET

DI EL D TPGMORUPGMI1 ZIH 3R ET D
WEBLHFET, FRELEBILEIVEZ. XIT
DRNEIEERELESETDE, BERO-TIC
FORRRETR TRENEMEL B BDIENHY
x93, NEBADCDOALEBEEHEIE. 1.4V~1.9VIC
FIBR =T HYJ ([Electrical Characteristics (B
B IBR). Ny T BEZRILE(FER20DPGMO.
PGM1ICKDTEE)CEID/cBEZE LK BRI FT,
ADCOANBEHIREBERHEZ MBI CIHEICIS.
BEAO—TICLDRET THRENBIELLELLKED
ZEMBHIET,

4) NEDCBIRACTH TH—12E)ERBIRLFT, BER
DREHADEE) v TIVESE)IE. FTEHRISGVIL
ETHOBLLEENYTUDBKREELY1.5VIE
B<LEYT, BEDRRAER TIIZDREEEA
HIFSNCIEEDIAERIITHhNDI-H. TDRIRIE
BE(CKAYTIEEHRICDNTIZIIMAXT12/MAXT13
NDERIDIEESH),

5) UZ7E— REETDIEEICITIRXZERBINT, /XD —
PNPES A 7 — R ([ZEEERIEEIDQTEDT)MD.
SHBENDREEED Y NEUTEHLET,
PDpnp = (BREEHRIORAACTSY 5 —8BE -
BE/NYTUBE) x (7 R7EMTOFREET)

6) VENDERIIEMA~20mAICHIBEL T 72 0,
ANBENEE Z/IIZEHAVNS VMEEICIE. [1F%E
FERRI TORIZRAXEBNTCEEHLE T,

R1 = (BIKACT7 S /& —8BE - 5V)/5mA
7) R EBIVCRsENSEDEZEH L 9,
Rsense = 0.25V/(IrasT)

8) BEEZHATDHIIC. R2ERIMWEVEBHREZRE
LEd, Bz, C/Zl/ NCREREBZITDOIHS.
FALT7D NFEIIFTERREOD 5B IF2EE L.
B E/IFAFEE LT,

MAXIMN
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Re. BBOTOIS IV R3. RAREBRFEAOOOIS5IY
NUMBER PGMA1 PGMO A/D VOLTAGE-
OF CELLS CONNECTION CONNECTION TIMEOUT | SAMPLING SLOPE PGM3 PGM2
1 " " (min) | INTERVAL | o cin | CONN CONN
(s) (tA)
2 Open Ve 22 21 Disabled Vet Open
3 REF V4 22 21 Enabled Vs REF
4 BATT- V+ 33 21 Disabled Vet V+
5 V+ Open 33 21 Enabled Ve BATT-
6 Open Open 45 42 Disabled Open Open
7 REF Open 45 42 Enabled Open REF
8 BATT- Open 66 42 Disabled Open V+
9 Ve REF 66 42 Enabled Open BATT-
10 Open REF 20 84 Disabled REF Open
11 REF REF 90 84 Enabled REF REF
3 e SATT. 132 84 Enabled REF BATT-
1 Open BATT- 180 168 Disabled BATT- Open
= cEF SATT. 180 168 Enabled BATT- REF
264 168 Disabled BATT- Vi
16 BATT- BATT-
264 168 Enabled BATT- | BATT-
V+
45V SHUNT
REGULATOR GND
PGM2  PGM3
l l L FASTCHG
T |
TIMED_OUT __ BATT- POWER_ON_RESET [N
TMER |
- BATT-
Y Y eastcwarE | | cumrenT DRV
PGMZ 1 4y AV_DETECT I conTROLLOGIC | — AND - e—CC Vs
DETECTION < NREGULATION VOLTAGE lat}— BATT-
paM3 Lo y o REGULATOR |d— gnp 100k
A | v
PGMx
o UNDER_VOLTAGE BATT+
TH T 100k
renp L] TEMPERATURE | GOID
1Lo |l COMPARATORS 41— PGMO REF
- A CELL_VOLTAGE é{ <
MAX712 N
VAX713 @ !
aarr. AT INTERNAL IMPEDANCE OF PGMO-PGM3 PINS

®M1. 70voK

MAXIMN 7
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MAX712/MAX71313. Ny TUICEBRZE5ZADCZ
EICKUNIMHEZIINICANY T ZRRFTEL 9.
MAX712/MAX713I3EIC. BREFEBILIE NI TV
REBEONINDDREICHY T, DEREBERIIER
LNIAEL. —B7IUVRBLIEZEERETDE.
BARLANIVDTFAY MU ZIVREBREERLY X T,
INYTURDIREREISELLAESHDREZTTD
eHIc. RmIIBEDE. NNV T URE. TERBD3I
DDEZEZYLTIET,

B2, MAX712/MAX713D 70V VM%ZRLE T,
TJOvIRRDY AV —., BEADREH, EEI/N

L—%3. TN FREREZRE T DIeHICANTINNE T,
BERUBRLFIL—FId. HNBERUENER
FEHTDEEEIC Ny TUMERSN TS EDD
ZIRHELE T,

M2l3. RERICERZSZADRIICHONLH/NY T
Aty hEnTN3B50. BENLRE/OEI%
RLTHEY . BETICHSINT. MAXT12/MAXT 1313,
NYTUNOEFECEDREDBARLMRLELI A
DC INICEREENSZ 5N E(FE2)/NT—7 1)
v FEIEAMAXT12/MAX713% M Z L FREIKRE
ICRBEE T (H1ADPOWER_ON_RESETESZZR).

= 15 w
& 14 \ ?c
= VOLTAGE ~— &
TR A [/ TEMPERATURE \\ =
S 04 R =
0
= A ‘\ﬁ
&) d ~
o
S
=
é mA | J
o
3 MAT T T
12 3 4 5
1. NO POWER TO CHARGER TIME

2. CELL VOLTAGE LESS THAN 0.4V
3. FAST CHARGE

4. TRICKLE CHARGE

5. CHARGER POWER REMOVED

2. BEQEERVIEENLERETOER

POWER_ON_RESETES A\ LK D & (BBRE3). L
BENREEO Y272 MUVLO)EBE(EILZWO0.4V)
MEBSIE. FNARSRERBREICAVUET T, 2
BAEEIS. Ny TFTUBE)/(ZILE)HA0.4VEHZ B
THIBLEE A

REBHROLIOEEDENAICEDE, BEFEBISENE
12587 ULMAX712/MAX7 1313 b ZILFREIRREICE )
LEJ(B5B4), BREEN R HOND E(BFE5). 7/\
A ZINYTUNSRENE T EBAZEERLEIEEICH
AE9,

H3IC. BEICELD VI FREBREDREZTOBRDRE
MERBTOLRZRLET. ZDBE. SERABET
SISy TNy ODEEMMEREZ T (2. ER
BH[HATRNTW/NY T UZETZY MLIZIBETY),
20— . MAX712/MAXT13ld M) ZILFEEIRREIC
HUFET, RERBNERICTADREISET D E(BF
E3). RERBEM’HBLET, /Ny T UDREATHIT
HEIDLERZEZDE. MAXT12/MAXT13IE K1
D IIVFEBREICRY 9 (B5E4).

CELL TEMPERATURE

L0 |

CURRENT INTO CELL
= 3
p=d >
(( (
N )] ))
_()(_

1.NO POWER TO CHARGER TIME
2. CELL TEMPERATURE TOO LOW

3. FAST CHARGE

4. TRICKLE CHARGE

VREF = VLIMIT L_ 77777777777 ———
s
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% 15 B
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=4 =R -
&S 13
oA
s "L L
=
= mA
- 1
o
% p,AT T
1 2 34
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2. FAST CHARGE
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4. BATTERY REMOVED

3. BEZRVBEENLERETOER

4. /Ny T DERG T2 2H /- BENLRETOER
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MAX712/MAX7 1313, BEDEE/ZIEEEDLT A
RIIHHICEDTIINHRBREZRET DL DICHE
IHIENTEET,

M43, BRICERZS A 5NICMAXT12/MAXT13I(Z
Ny T EEY NTHBEORETOEITT ., KHI1
DE. FEZDOHADIIEILE x VmTTHEONDEE
ICRESENE T, MAXT12/MAX7T13IE M) DILFEE
MEICHIET, NyTUNEY bahd & (BRE2).
MAX712/MAX713(3/3y T UICRNATERZR L L.
DEFABREBCIEDIE T, ZLTTILFEBIRREIC
ELIEZEAERETDET/NNA AU NI DIVFTEIRREIS
RYUEI(F™EI). /Ny TUNRUANSNIHE(FFE4).
MAX712/MAX7T13lE b VI REIREZREHNEE
SFE CERICRELSNE T,

MAX712/MAX7 13 \DEiF

AC-DC7H 75 —3BERIC. bR 2RT I VD
BR&BESLOIVTUUOBHREINTINE T, K10~
12123BBEDREMAAC-DCT Y 75 —RHEDHFEE R
LET, INOSDOHEDNBEICIE. 120HzOKRERE Y
TN EEODTHET, MAXT12/MAXT13EEIZAN
BACTHITE—3. RERBHRUEZEFHIFICHNT
REEEN. RERBEROEAR/NNYTUBELUED

F4. MAXT12/MAXT13DFEREEERSHRT

BLEBHTBVULESWWEDERBIRLTLES . —f%
Mic. BREFTERO/ Ny T/ ODEEIZ. NITIL
REARNIIEFTICERZHEPICERTELLREYFET,
INY TNy DK DTG, BEAKIN.OV/BILISET
BZEDBYET,

INANTVORE([TEEBEREIDQT). F174—R(D1).
RUBHEET(Rsense) CORBEOEE RO Y TAZ
BLESE. 1.5VOY—2 U MEICKY Fd, 20

a1 D1

DCIN ' L_A—N—.OO
R2
R1 ®

2N3904

\

Vi DRV

/AXIMN

MAX712
MAX713

O—————

5. DRVE>MAR I— RE#() Z7E— RIZBNTDC IN
BEENSMEE. F/1d. MAXT12/MAXT13DMBEEH%E
HZ2EHIZBNVET, )

POWER_ON_RESET UNDER_VOLTAGE

IN_REGULATION

coLb RESULT*
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Set fast

Set fast

*ok K

No change
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TREFRBE M TIVRED2DDRELLH Y T EA.

MDA Y IS4 OREICEH ST, 4 LT MERISBEARDEHICEY) MU IILFEREICKEIET,

HERBARIC/N Y T HMERDIBE.
DI EY Ty DIIESEEL I A

COLDDEMDIL LY T Y DICBNTREREBA M ASnFET, LA LGNS, 2EE

N T UDBOVKETEA S NEBE(ZRIEERIBRASNLES)ICIE. Ny T VREMMETLERIBHRASNDET,
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DCIN

REF

VLIMIT

_ [CELL_VOLTAGE

| CURRENT-SENSE AMPLIFIER
PGMS3 FAST_CHARGE Av
i X 1 8
= Vi 0 512
OPEN 0 256

i | ReF 0

BATT- ? BATT- 0

§RSENSE

GND

M6. BRASLUBELF21L—F(UZFE—FK)

REANDEBERHGI. ENDRETHEIELLITO:
&bt:kgi%LJ&‘Ji?o ELULKEET DIzOHICIE.
BEANBENT.LEV + (1.9V x BREIE)LIEDE
BEFERLE Y, DC INTDOAHNEEA.BV + (1.9V
X BIVEBOMTICE T LSS, REREE NI VILRE
EXHICIRYURL, RERARBNIERICETLAELAESDZ
ERBYUET,

MAX712/MAXT133ACT 57 75 —hEHm SN TV
WBRW 7T 471213853, N TUNSHRENDE
RIFBATHUATT, Y1474 — RD1ld. DRVEUANE
ROAENDZERBIELE T, ACTI TH—NEHRS
na&. R (MEEHEREISR). IIIERBIRS A
F—=REIDICKWUCTIZREL T, C1HBVETHR
BInde. P\]ﬂrﬁ‘/vy MLF21L—FIFV+EBVIC
BERTDEDICBERE DL, Eﬁﬁﬁaﬁ FE L
F9, MAX712/MAX71313. SDOD%L 5T TR

DI ZEREHTDET. %E%%éﬁb\é\t?o
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DC INA'20VZ#E % 2155, DRVE >V D#ETR K ERE
B2ENELDIC. BBICRTLDICDRVE EBEINIC
NAOA—FEHEEEML TS0,
E—TEE@DC INEEICHINT. BRIESMADEARNAND LK
DICEBRFIRERRTE/213D4)ZEIRL F9(MIIL&
(/LJUDEDU)ZT YW T6HSBR), VI NDERRERICLY.
MAX712/MAX713DBBEHNARF VI F T,
V+NDERAER =
(BADC INE[E - 5V)/R1
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PERE)

PART TEMP RANGE PIN-PACKAGE
MAX713CPE 0°C to +70°C 16 Plastic DIP
MAX713CSE 0°C to +70°C 16 Narrow SO
MAX713C/D 0°C to +70°C Dice*
MAX713EPE -40°C to +85°C 16 Plastic DIP
MAX713ESE -40°C to +85°C 16 Narrow SO
MAX713MJE -55°C to +125°C 16 CERDIP**
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BMOD/IN T —UBRES Y RIS =21,

japan.maxim-ic.com/packages% Z S 2 X (),
N =547 | Nyr—I3—K | B2 42 bNo.
16 Plastic DIP P16-1 21-0043
16 Narrow SO S16-1 21-0041
16 CERDIP J16-3 21-0045
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TRANSISTOR COUNT: 2193
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