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ABSOLUTE MAXIMUM RATINGS

VA0 BAT T e -0.3V, +7V
BATT-10 GND ..ottt s *1V
BATT+ to BATT-
Power Not APpPlied........coooiiiiiiiiiiieeee e +20V
With Power Applied.........cccoocvevniieiinnnne The higher of £20V or
+2V x (programmed cells)
DRV t0 GND .......cccoeneee -0.3V, +20V
FASTCHG to BATT-....... -0.3v, +12V

All Other Pins to GND.....
A o O U 4 (= o | S 100mA
DRV CUITENL. ..ot 100mA

REF CUITENL.....coiiiiiiiiiii e 10mA
Continuous Power Dissipation (Ta = +70°C)
Plastic DIP (derate 10.53mW/°C above +70°C............ 842mw
Narrow SO (derate 8.70mW/°C above +70°C ............. 696mwW
CERDIP (derate 10.00mW/°C above +70°C................. 800mw
Operating Temperature Ranges
MAX71_C_E e 0°C to +70°C
MAX71_E_E .... -40°C to +85°C
MAX71_MJE ..-55°C to +125°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (soldering, 10S) .......ccccoccverieerreeennenn. +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 < lv+ < 20mA 4.5 5.5 \Y
Iv+ (Note 1) 5 mA
BATT+ Leakage V+ =0V, BATT+ =17V 5 HA
BATT+ Resistance with Power On PGMO = PGM1 = BATT-, BATT+ = 30V 30 kQ
C1 Capacitance 0.5 uF
C2 Capacitance 5 nF
REF Voltage OmMA < IrRer < 1ImA 1.96 2.04 \
Undervoltage Lockout Per cell 0.35 0.50 \Y
External VLIMIT Input Range 1.25 2.50 \Y,
THI, TLO, TEMP Input Range 0 2 \
THI, TLO Offset Voltage (Note 2) 0V < TEMP < 2V, TEMP voltage rising -10 10 mV
THI, TLO, TEMP, VLIMIT Input Bias Current -1 1 UA
VLIMIT Accuracy ;é?\/ﬂ g X';“é'&f 3\5/\1 SmA < IpRv < 20mA, -30 30 mv
Internal Cell Voltage Limit VoMt = V+ 1.6 1.65 1.7 Vv
Fast-Charge VSENSE 225 250 275 mV
PGM3 = V+ 15 3.9 7.0
) PGM3 = open 45 7.8 12.0
Trickle-Charge VSENSE mv
PGM3 = REF 12.0 15.6 20.0
PGM3 = BATT- 26.0 313 38.0
Voltage-Slope Sensitivity (Note 3) MAX713 25 mV/ta
MAX712 0 per cell
Timer Accuracy -15 15 %
DRV Sink Current VDRv = 10V 30 mA
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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 VFASTCHG = 0.4V 2 mA
FASTCHG High Current VEASTCHG = 10V 10 HA
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.

gooodd

(Ta = +25°C, unless otherwise noted.)
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(Ta = +25°C, unless otherwise noted.)
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4 BATT- v+ 33 21 Disabled V+ v+
5 v+ Open 33 21 Enabled v+ BATT-
6 Open Open 45 42 Disabled Open Open
7 REF Open 45 42 Enabled Open REF
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TIMER
< BATT-
y \ FAST_CHARGE CURRENT DRV
POMZT™ v | AVDETECT ) cowtroLiosic | AND s € v
DETECTION N REGULATION VOLTAGE |}— BATT-
PGM3 -] L A A REGULATOR < GND 100kQ
A | wwr
PGMx
o UNDER_VOLTAGE BATT+
TH -} = % 100kQ
| TEMPERATURE | coip
TEMP - <— PoMo
TLO —f-p] COMPARATORS CELL_VOLTAGE REF
MAXIM - <«— rom1
MAX712
MAX713 @ '
BATT- BATT- INTERNAL IMPEDANCE OF PGMO-PGMS3 PINS
1.

MAXIN

ETLXVIN/CTLXVIN



MAX712/MAX713

NICd/NIMH

o0
MAX712/MAX713
NiMH NiCd
MAX712/MAX713 2
1 MAX712/MAX713
DCIN ( 2
MAX712/MAX713
3 ( 1 POWER ON_RESET )
1 MAX712/MAX713 POWER_ON_RESET C 3
(UVLO)  ( 0.4V)
( )( ) 0.4V
s 15 &
& 14 OITAGE g MAX712/MAX713
3 yaN &
% 1'3v: jTEMPERAwy \ & ( 4 ( 5
& 04‘ ya b
.0 _/ _/ o
e =
=
) “ATlTZ : 4T5 ) 2 MAX712/MAX713
1. NO POWER TO CHARGER TIME
2. CELL VOLTAGE LESS THAN 0.4V ( 3
3. FAST CHARGE
4. TRICKLE CHARGE THI MAX712/MAX713
5. CHARGER POWER REMOVED
« 9
2.
w VREF = VLIMIT
S s
§ g 15
= S 14
g @13
= A —
é £ ‘[ }E SR A _L b
= mA ff = "‘AI I T]
3w L sl
12 3 4 1 2 3 4
1. NO POWER TO CHARGER TME 1. BATTERY NOT INSERTED TME
2. CELL TEMPERATURE TOO LOW 2. FAST CHARGE
3. FAST CHARGE 3. TRICKLE CHARGE
4. TRICKLE CHARGE 4, BATTERY REMOVED

3.

MAXIMN




NIiCd/NIMH

MAX712/MAX713
1.5V( 2V)
it MAX712/MAX713
1
x VLIMIT 1.9v/
MAX712/MAX713
« 2
MAX712/MAX713 01 D1
DC IN N _4_”7 see
R2
( 3 ( 9 " ,
MAX712/MAX713
1 o 2N3904
MAX712/MAX7130000 o ?{V
AC-DC MAXIM
10 MAX712
12 3 AC-DC MAX713
120Hz
MAX712/MAX713 AC S. DRV (
DC IN MAX712/
MAX713 )
04. MAX712/MAX7130 00000007
POWER_ON_RESET UNDER_VOLTAGE IN_REGULATION COLD HOT Result*
0 X X X X Set Trickle
1 1 X X X No change
1 X 1 X X No change
1 X X 0 X No change
1 X X X 0 No change***
1 0 0 1 1 Set fast
1 0 0 1 1 No change
1 0 0 ! 1 No change
1 1 0 1 1 Set fast
1 0 1 1 1 Set fast
1 0 0 1 1 No change***
1 0 0 1 1 Set fast**
1 X X 0 X Trickle to fast transition inhibited
1 X X X 0 Trickle to fast transition inhibited
1 i 0 X X Set trickle
1 0 1 X X Set trickle
1 X X X ! Set trickle
1) 2
*k m
2
*kk ( )

MAXIN

ETLXVIN/CTLXVIN



MAX712/MAX713

NICd/NIMH

DCIN

REF
b

VLIMIT

_ | CELL_VOLTAGE

CURRENT-SENSE AMPLIFIER

PGM3 FAST_CHARGE Av

X 1 8
v+ 0 512
OPEN 0 256
P omer 0 128
BATT- | | BATT- 0 64

+

/Z BATT-

Rsense |

A —i 1|

IN_REGULATION !

?CC
s

{ BATT-

GND
BATT.

6 ( )

( Q1)

(O1) (Rsense)
1.5V
1.5V-+(1.9Vx )
DC IN 1.5V+ (1.9Vx
)

MAX712/MAX713 AC

S D1 DRV
AC
R1( )
( 19) c1 CclL sv
V+ 45V

10

MAX712/MAX713 3

DCIN 20V DRV
5 DRV
19 DCIN
15v MOSFET
MAX713
DC IN 5mA
R1 D4 ( !
6 ) V+
MAX712/MAX713
Vi =( DCIN -5V)/R1
5vx (V+ )
DRV
ggogg
MAX712/MAX713
1 (
) (GND
BATT- ) TEMP TLO THI
UVLO
2) TEMP TLO THI
UVvLO
Rsense
BATT- GND 250mVv
250mVv
DRV 250mVv
DRV
(IFasT) = 0.25V/Rsense
oooogoo
(fast) C/2 C 2C 4C
C/16
C/16

MAXIMN




NIiCd/NIMH

gs. pGM3TO0O0O0OOO0OOOO0OO0O
) Trickle-Charge
PGM3 Fast-Charge Rate Current (ITRICKLE)
V+ 4C IEAST/64
OPEN 2C IFAST/32
REF C IFAST/16
BATT- C/2 IFAST/8
MAX712/MAX713 RseNsE
( ©
( ”
Vsense )
goooooouoooooooa
P-50AA 500mAh NiCd x 2
C/3
264
6v DC IN
MAX713
PGMO=V+ PGM1= PGM2=BATT-
PGM3=BATT- RSENSE=1-5Q (

lasT=167mMA) R1=(6V-5V)/5mA=200Q

PGM3=BATT-

RsensE 31.3mV
20.7mA

C/16 C/25

NiMHOOOOODOOOOOOOOOoOoDo

-
C/16
Q2

R7

R7=(VeatT + 0.4V)/(ITRICKLE - |BATT)

VBaATT=

ITRICKLE =MAX712/MAX713

lpaTT=

MAXIN

01 D1
DCIN =y *
R7
DRV +
MAXI/W ;BATTERY
MAX712
MAXT13  EASTCHG
RSENSE
GND
7. NIMH
( )
oooogg
BATT+ BATT-
BATT- GND
DRV ( )X
NMumim)
1
2)“ n
( )
ooogg
BATT+ BATT-
Vumir 2.5V
BATT+ (BATT- =Vimit* (PGMO
PGM1 )
VLIMIT 1.9v 2.5V VumiTt
1.9Vv/
Vumir  VRrer
MAX712/MAX713

11

ETLXVIN/CTLXVIN



MAX712/MAX713

NICd/NIMH

MAX712/
MAX713
Cour
Cour=(50% Il .oap)/(Vour* BV\RL)
B\NVRL: (HZ)
( 10,000)
Cout>10uF
lLoaD= Q)
Vour= Mumirx )
googo
6
(BWcrL) Q1 (fe)
BWCRL:gm/CZ
gm=0.0018S
PNP o1
fr Bo Q1
fg=f1/Bo
fo fr Hz B, DC
BWcrL<f
MAX712/MAX713 DRV
DRV
5
DRV =
(DRV )x (DRV )
Oo0ooooooooooon
MAX712/MAX713 -
2.5mVv
ADC 2
21 168 ta( 3 8 )
5ms
ta
2 2
12

2ty 2

MAX712

MAX713

gboobobobogoooon
9a MAX712/MAX713

TEMP
THI

1V(BATT- )

TLO

MAX712/MAX713
TLO TEMP

MAX713
2.5mv
MAX712

T T2

TEMP

TEMP THI

TLO>TEMP

RS T3 0.022uF
TLO BATT-

T T2 T3 RB8 R4 RS

THI
68kQ

22kQ  BATT- TEMP

A+ TLO BATT-
REF TEMP

ZERO
VOLTAGE
SLOPE

COUNTS

VOLTAGE
RISES

_()( ((\ (( L (4
) )) )) )

CUTOFF FOR MAX712

NEGATIVE
VOLTAGE
SLOPE
CUTOFF FOR MAX712
OR MAX713

ZERO |
RESIDUAL //
/ NEGATIVE

« i RESIDUAL

1 )T
0 \}POSITIVE RESIDUAL

<> > 5 5 5
th ms‘tA' mst Ty, imst T T ms

INTERVAL INTERVAL INTERVAL INTERVAL

NOTE: SLOPE PROPORTIONAL TO VBATT

)) )
t

t ms ta ms

INTERVAL  INTERVAL

8.

MAXIMN




NIiCd/NIMH

IN THERMAL
CONTACT WITH
rer| BATTERY D
R3 T2
THI T T3
S D 10kQ 500kQ
" AMBIENT
- TEMPERATURE
T RS; N 0000000000
@B
_ TLO ooooooooo
<
MAXIMN
MAX712 3 (
MAX713 0022F | 1uF )
BATT- < T
AMBIENT
TEMPERATURE 19
NOTE: FOR ABSOLUTE TEMPERATURE CHARGE CUTOFF, T2 AND T3 CAN BE 19 aC
REPLACED BY STANDARD RESISTORS. 33pF
19
9a. 2 1A
Rsense
PGMO PGM3
(23 )
AMBIENT 8v 15V
-  TEMPERATURE oV
¥ 19 1.3A
T2
THI
RS R3 15v
C) MAX713SWEVKIT
2.0V 1
= 7] QTEMP .
CoLD 1u|i
11 ]
1o _ g
_lo.022F | 00220F ] Ra \\ z
MAXIM 10 \\
MAX712 T1 T3 s HIGH PEAK
MAX713 T T | N .y
7 / ) N, ™\
IN THERMAL AMBIENT = N N
CONTACTWITH  TEMPERATURE 2 8 NG 120HzRIPPLE\
BATTERY 5 \
o
NOTE: FOR ABSOLUTE TEMPERATURE CHARGE CUTOFF, T2 AND T3 CAN BE L
REPLACED BY STANDARD RESISTORS. 7 LOW PEAK 3
N
N
9b. 6
0 200 400 600 800 1000
LOAD CURRENT (mA)
10. AC AC-190
DC9V/800mA
M A 13

ETLXVIN/CTLXVIN



NICd/NIMH

MAX712/MAX713

ooooooa
13 14 MAX712 MAX713
1000mAh NiMH
( 30kHz) CC BATT- x 3(GP1OOOAAH GP ) 1A
CcC 2
MAX712/MAX713  CC DC IN= AC-DC AC-190
cC -+9VDC/S800mA
PGMO=V+
19 PGM1=REF PGM2=REF PGM3=REF
R1=200Q R2=150Q Rggnse=0.25Q
MAX712/MAX713 Cl=1uF C2=0.01uF C3=10pF V_mr=REF
MAX713SWEVKIT-SO R3=10kQ R4=15kQ
1 T2= 14A1002(Alpha Sensors) R5
MAX713EVKIT T3 TLO=BATT-
1 o 18 g
10 N
AN 16
= h N\ HIGH PEAK = \
=9 rrg
g ~N \\ 2 1 N
g 8 \\\ \\\ 5 \\\ HIGH PEAK
E \\ 120?\ § z Low PE;K\\\‘
37 \{RIPPLE — = \\
LOW PEAK\ Y
6 AN 1 oz T NN
\ RIPPLE >
|
5 8
0 200 400 600 800 1000 0 200 400 600 800
LOAD CURRENT (mA) LOAD CURRENT (mA)
11. CD AC AC-96N 12. AC KX-A11l
DC9V/600mA DC12V/500mA
50 MAX712/713 40 50 MAX712/713
av AV cutorr 4
49 o CUTOFF Ty 38 49 At \“/\\ 38
< 48 // 36 g < 48 // /’ 36 g
§ 47 7 A e é § 47 7 3 é
S| - S| /| .8
E 45 / 0z E 45 / / 0z
® 44 / /T/ \ 28 % “ 44 / /T/ 28%
43 — 2 43 — 2%
42 24 42 2
0 30 60 90 0 30 60 90
TIME (MINUTES) TIME (MINUTES)
13. MAX712 3 NiMH 14. MAX713 NiMH

14 MAXIMN




NIiCd/NIMH

0000000000O0000 Reenee Remnee
MAX712/MAX713
BATT+ 16
11 DC IN
BATT+
oogg
( 15)
17
oo0oooo 18 LED
( )
Q1 D1
L S GESI/A R A
70
BATTERY
R2 POSITIVE
1500 TERMINAL vt p OV =NOPOWER
5V = POWER
J
s3kQ MAXIM
AVAVAY, Q2 MAX712 Vee
B MAX713
500Q 10kQ
OV = FAST
FASTCHG Ve = TRICKLE OR
DRV NO POWER
MAXIM
MAXT712 BATT*
MAX713
15. 17.
DCIN
DL
RL
— ACELS CHARGE POWER
MAXIM
MAX712 "
MAX713
. MAXIM 470QMIN
100kQ LOW Ron
Rense  LOGIC LEVEL MAX712
Vi N-CHANNEL MAX713
;%VgEET FAST CHARGE
GND FASTCHG
16. Rsense 18. LED
M A 15

ETLXVIN/CTLXVIN



MAX712/MAX713

NICd/NIMH

L1
M1 D03340
DC IN IRFR9024 —
8V T0 15V 220uH b1
+ C5 +C6 R2
10pF 10pF 5.1kQ MBRS340T3
50V 50V D2
1 MBRS340T3
- - CMPTA06 L
D4 ) —
v CCLHMO80
- ) (8mA CURRENT-
3 LIMITING DIODE) 1 0
Q4 1 2N2907
CMPTA06 » 3]
2 e
14 [11
1 orv cc
3 NN T 220pF 2 x 1000mA-Hr
peMo MAX713 2 NiCd CELLS
* BATT +
4 BATT+ G -~
— poM1 104F l_
9 -
12 50V
PGM2 BATT- L 2 T . BATT—
§ 10
§ PGM3 6
REF 1% TLD R3
1 13
R6 VLIMIT GND
68kQ
7 —
TEMP  EASTCHG =
R7
22kQ —— 4 8
0.1pF
| l
a It
1pF
10V R5
470Q
19.
16 AN




NIiCd/NIMH

© 2002 Maxim Integrated Products

Ooo@o) oogogoo
PART TEMP RANGE PIN-PACKAGE
MAX713CPE 0°C to +70°C 16 Plastic DIP
MAX713CSE 0°C to +70°C 16 Narrow SO i A
MAX713C/D 0°C to +70°C Dice*
MAX713EPE -40°C to +85°C 16 Plastic DIP
MAX713ESE 40°C t ° PGMO DRV
- 0 +85°C 16 Narrow SO
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PGM1
* dice
% MIL-STD-883
GND
0.126
(3.200mm)
BATT-
THI
cc
TLO
PGM3
TEMP  FASTCHG PGM2
0.80"
(2.032mm)
TRANSISTOR COUNT: 2193
SUBSTRATE CONNECTED TO V+
FIL-IP)C KR EH
JD VI RI\E
0169-005100000000003-30-16000001000
\_ . TEL. (03)3232-6141 FAX. (03)3232-6149
Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600 17

MAXAIM s a registered trademark of Maxim Integrated Products.

ETLXVIN/CTLXVIN



