N A X1/

MAX1666 2 4 0
+4.0V +4.4V
+0.5%
0
+2.0V +3.0V
MAX1666 +2.5%
0
0 500mA
MOSFET P MOSFET +10%
0
MAX1666
0
MAX1666 U 30pA(typ)
3 0 1pA(max)
S 2 L 0 +28V
v 3 Li X
4 Li 0 16  QSOP(MAX1666S)

20  QSOP(MAX1666V/X)

2/3/4
PART NUMBER OF LI-ION CELLS PART TEMP. RANGE  PIN-PACKAGE
MAX1666S 2 MAX1666SEEE  -40°Cto +85°C 16 QSOP
MAX1666V 3 MAX1666VEEP ~ -40°Cto +85°C 20 QSOP
MAX1666X 4 MAX1666XEEP  -40°Cto +85°C 20 QSOP
TOP VIEW " " -
sRe [1] [16] vee sRe [1] [20] uvo sRe [1] [20] uvo
550 [2 [15] ReF DSO [ 2 [19] vee Dso [2 [19] vee
0 3| s dow  To[3] 18] her 0 [3] 18] fer
ceo [4] maxteess [l 660 [4] ammam [l ow T80 2] s |71 ova
B2p [ 5 | [12] MmA Bsp[5] MAX1666V  [16] uva pap [5| MAX1666X  [16] Uva
BIP 6 [11] PRF B3P [ 6] [15] MmA B3P [ 6] [15] MMA
GND [ 7] [10] Cal BoP [ 7] [14] WRN Bop [7] [14] WRN
PN [8 | 9] 0SI B1P [ 8] 13] PKF B1P [ 8] 13] PKF
osoP GND [ 9] [12] @ GND [ 9] 12] @
PKN [10} 1] DS PKN [10} 11] DS
QSOP QsoP
MAXIM Maxim Integrated Products 1

http://www.maxim-ic.com
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MAX1666S/V/X

ABSOLUTE MAXIMUM RATINGS
SRC, DSO, TKO, CGO, UVO, PKF, WRN to GND ...-0.3V to +28V

Vce, REF, OVA, UVA, MMA t0 GND ......cccoiiinn -0.3V to +6V
B4P to B3P -0.3V to +6V
B3P to B2P -0.3Vto +6V
B2P to B1P -0.3V to +6V
BIP 10 GND ..o -0.3V to +6V
PKN 10 GND ..o +2V

Ve, CGIL DSTH0 PKNL ..o -0.3V to +6V
Continuous Power Dissipation (Ta = +70°C)
16-Pin QSOP (derate 8.3mW/°C above +70°C)........... 667mwW
20-Pin QSOP (derate 9.1mW/°C above +70°C)........... 72TmW
Operating Temperature Range ...........ccccccooeeen. -40°C to +85°C
Storage Temperature Range .............cccceeeevene. -65°C to +150°C
Lead Temperature (soldering, 10S€C) ........ccccovvvivrinnn. +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

(Vsrc = 16V, each cell voltage VceLL = 3.6V, 330kQ load at REF, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at

Ta = +25°C.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Charge Mode Detection Threshold Vsrc - VB P 1 V
SRC Input Current Range Vsrc-VB p=1V 2 10 pA
No faults, long time average current from

Supply Current Isup the top battery terminal B_P 30 45 WA

Shutdown Supply Current ISHDN 1 pA

Vce Output Voltage Vce RLoAD =2 665Q, 2V < VCELL < 4.4V 3.09 3.25 3.41 V

Vce Undervoltage Lockout

Threshold 2.7 2.85 3 v

Reference Output Voltage VREF Pulse on 1.221 \
OVA = GND 3.980 4.000 4.020

Overvoltage Threshold Cell voltage rising Vova = VRer / 2 4.2 Vv
OVA = REF 4378 4400 4422

Overvoltage Threshold Hysteresis 200 mV
UVA = GND 1.950 2.000 2.050

Undervoltage Threshold Cell voltage falling VUVA = VREF/ 2 2.500 \
UVA = REF 2925 3.000 3.075

Undervoltage Threshold Hysteresis 100 mV

WRN Early Warning Threshold Above undervqltage threshold, 100 my

cell voltage falling

WRN Ear'ly Warning Threshold 200 my

Hysteresis

OVA, UVA, MMA Input Current OVA, UVA, MMA = REF 0.1 20 nA
MMA = GND +0

Cell Mismatch Threshold All cells > 2V VMMA = VREF / 2 +250 mV
MMA = REF +450 +500 +550

PKN to GND Overdischarge

Current Threshold 270 800 330 mv

PKN to GND Overcharge Current 290 200 180 mv

Threshold

2 N AXIW




ELECTRICAL CHARACTERISTICS (continued)

(Vsre = 16V, each cell voltage VceLL = 3.6V, 330kQ load at REF, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at

Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Overcurrent Fault Timer Delay tP-DELAY 330 550 770 ms
Overdischarge/Overcharge
Current Fault Blanking Time U-DELAY 16 24 32 ms
DSO, CGO, UVO Output Sink No faults, VOSo = Vego = Vuvo = V1o 27V | 20 30 40 LA
Current
DSO, CGO Output Source VDsO = VsRe - 4V and VTGO = Vsre - 4V,

> 2 10 mA
Current fault condition
DSO, CGO, UVO Leakage VBs0 = V&G0 = Vuvo = 27V, fault condition 02 LA
Current
TKO Pull-Down Resistance 100 200 kQ
TKO Source Current TKO = GND 1 8 mA
DSI, CGI Input High Voltage Referenced to PKN 2 %
DSI, CGI Input Low Voltage Referenced to PKN 0.45 Vv
DSI, CGI Input Current Vpsl, Vcal = 5V 1 PA
RN Sink Current Fault condition, VWRN = 0.4V 2 4 mA
PKF Sink Current Fault condition, VPKF = 0.4V 4 8 mA
PKF, WRN Leakage Current VPKE = VWRN = 27V 0.2 pA
Undervoltage, Overvoltage, or Fault persistent for 4 consecutive sample
Mismatch Fault, to DSO, CGO, | tF-DELAY efioé’s ' utv P 180 320 460 ms
TKO Transition Delay P
ELECTRICAL CHARACTERISTICS
(Vsrc = 16V, each cell voltage VcELL = 3.6V, 330kQ load at REF, Ta = -40°C to +85°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Charge Mode Detection
Threshold VsRC - VB_P 1 v
SRC Input Current Range Vsrc - VB p = 1V to 4V 10 pA

No faults, long time average current from the
Supply Current Isup top battery terminal B_P 45 WA
Shutdown Supply Current ISHDN | HA
Vce Output Voltage Vce RLoAD 2 665Q, 2V < VCELL < 4.4V 3.09 3.41 \
Vce Undervoltage Lockout
Threshold 27 8 v
OVA = GND 3.975 4.025
Overvoltage Threshold \
OVA = REF 4.373 4.427
UVA = GND 1.950 2.050
Undervoltage Threshold \
UVA = REF 2.925 3.075
OVA, UVA, MMA Leakage OVA, UVA, MMA = REF 20 nA
MAXIM 3
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MAX1666S/V/X

ELECTRICAL CHARACTERISTICS
(Vsrc = 16V, each cell voltage VCELL = 3.6V, 330kQ load at REF, Ta = -40°C to +85°C, unless otherwise noted.) (Note 1)

TKO Transition Delay

periods

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Cell Mismatch Threshold All cells > 2V, MMA = REF +450 +550 mV
PKN to GND Overdischarge
Current Threshold 270 330 mv
PKN to GND Overcharge
Current Threshold -220 -180 mv
Overcurrent Fault Timer Delay tP-DELAY 330 770 ms
Overdischarge/Overcharge
Current Fault Blanking Time U-DELAY 16 32 ms
DSO, CGO UVO Output Sink No faults; VBs0, V&G0, Vuvo = 1V to 27V 20 40 UA
Current
DSO, CGO Output Source VDBs0 = VsRe - 4V and VGO = VSre - 4V,

> 2 mA
Current fault condition
DSO, CGO, UVO Leakage VBSO = Vo = Vuvo = 27V, fault condition 0.2 UA
Current
TKO Pull-Down Resistance 100 kQ
TKO Source Current TKO = GND 1 mA
DSI, CGI Input High Voltage Referenced to PKN 2 %
DSI, CGI Input Low Voltage Referenced to PKN 0.45 Vv
DSI, CGI Input Current Vps| = Veal = 5V 1 PA
WRN Sink Current Fault condition, VWRN = 0.4V 2 mA
PKF Sink Current Fault condition, VPKF = 0.4V 4 mA
PKF, WRN Leakage Current VPKF = VIWRN = 27V 0.2 pA
Undervoltage, Overvoltage, or Fault istent for 4 " |
Mismatch Fault, to DSO, CGO, | tr-DELAY | oot PErSISIENtIOns consecutive sampie 180 460 ms

Note 1: Specifications to -40°C are guaranteed by design, not production tested.

MAXI N




(Ta = +25°C, unless otherwise noted.)
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(Ta = +25°C, unless otherwise noted.)

OVERCHARGE OVERVOLTAGE FAULT

I 4.5V

MAX1666toc11

o
[2a]

41V

PKN
(0.5V/div)

1234

IEENEENA

R REF 5 :
N w TH (1v/div) AN N LS A
|<—tPDELAY—> (1OV/%in[)] k—ﬂmw

CGO
(10V/div)

MAX1666S/V/X

100ms/div
VeELL2 = VeeLL3 = VeELL4 = 4.15Y,
OVERVOLTAGE THRESHOLD = 4.4V

100ms/div

UNDERVOLTAGE FAULT CELL MISMATCH FAULT

A i N W i
o L. OV b d
: 1:2:3 4

< i

KF =
(10v/div) tr-DELAY i

B1P
B1P

3. 3
2. 2

o
REF foofocin] ol T
(1V/div) h A:

MAX1666toc12

WRN
(10v/div)

DSO
(10V/div)

550 |..q tEoeay [
(10V/div) T

100ms/div 100ms/div
VeELL2 = VCELL3 = VCELLA = 3.35V, VeELL2 = VeELL3 = VeELLA = 3.6V,
UNDERVOLTAGE THRESHOLD = 3.0V, CELL MISMATCH THRESHOLD = 0.5V,
UVA =REF MMA = REF

UNDERVOLTAGE FAULT WITHOUT
CHARGE SOURCE (Vspc < Vpap + 1V)

o 3AV ety
= 2.0V LTy

Voo
(2v/div)

MAX1666toct:

DSO
(10V/div)

100ms/div

VeeLL2 = VeELL3 = VeELLA = 3.35V,
UNDERVOLTAGE THRESHOLD = 3.0V,
UVA = REF
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MAX1666X | MAX1666V | MAX1666S
1 1 ] SRC DSO TKO CGP  UVO
) ) ) . P MOSFET
5 5 5 . P MOSFET
. . A — P MOSFET
5 _ _ B4P a MAX1666X
6 56 _ B3P 3 MAX1666V
7 7 5 B2P a MAX1666S
8 8 6 B1P 1
9 9 7 GND
10 10 8 PKN I —

1 1 9 DSI

12 12 10 Cal

13 13 11 PKF PKF

14 14 _ WRN

15 15 12 MMA REF  GND

16 16 13 UVA REF  GND

17 17 14 OVA REF  GND

18 18 15 REF

‘9 19 6 Voc 3.3V 0.47uF(min) GND
20 20 _ uvo

MAXIM
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MAX1666S/V/X

CGO DSI
SRC SRC
p e
D—" + Df—"1
a I Q
RB Y e———
CK J cK DSO
| N |
' |
CGl — | ov_rAULT
CM_FAULT N UV_FAULT
UV_FAULT CM_FAULT N
CQIZFAULT DQY_FAULT
30uA S0u
W11/
GND
MAX1666 LATCH WRN [ WARING
50kHZ EARLY > GND
osc JUL > WARNING
0SC
B i v LATCH_OV
B3P REG
CELL STATE
B2P VOLTAGE < MACHINE LATCH_UV OVER- |— OV-FAULT
SELECTOR & VOLTAGE
BIP
GND CMP_P
¢ L + » REG
CMP UNDER- [—® UV-FAULT
OvA s 1 VOLTAGE
VA THRESHOLD
VOLTAGE =
MMA SELECTOR CMP_N
o LATCH_CM
" FES e CurALT
1.221V = MISMATCH PKF
I N
GND A
CQl_HI
200mv | [ > - CQLFAULT —
PKN Q_ - 550ms OV_FAULT
TIMER WARNING 5i>—{ N
3 SET/RESET UV_FAULT
DQI_HI = DQI_FAULT
somv | [T >——— b
o0 —E 3, T
33V Ve
SRC @ * CHARGE LINEAR
v win SHUTDOWN REG.
B4P - UV_FAULT
SRC TUKVOO
CM_FAULT
UV_FAULT N
CGl —
OV_FAULT -I N 30pA
CM_FAULT
GND
1.

MAXI N



BATTERY YES

-
|

CONNECTED

<

SHUTDOWN

VsRe < VBap + 1V

\
Qm

VsRe > VBap + 1v

/

NO

(CHARGE CURRENT - Rcs)

YES
\/
(DISCHARGE CURRENT - Rcs) CHARGE
300mv CURRENT
(>2.4ms) MONITOR
A
OVER-
DISCHARGE | _RESET |RESET
DSO=H DS0=L|CGO=L

200mV
\‘ (>2.4ms)

OVERCHARGE
CGO=H

.

550ms DELAY

L/

!

NO

STANDBY
80ms

v

SAMPLE
2.5ms

!

NO

CHECK VRer

VEELL <
UNDERVOLTAGE
THRESHOLD

YES
NO

LATCH UVF ="1’

LATCH MMF =1’

VEELL <

UNDERVOLTAGE NO

"y

VCELL >
OVERVOLTAGE
THRESHOLD

UVF="1
AND
Vspe < Vap + 1V

YES

WARNING
THRESHOLD

LATCH OVF ="1’

GO TO
TABLE 3

LATCH UVW =1’

oy

S SE—

MAXIN
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MAX1666S/V/X

MAX1666 Vggrc
REF SRC
MAXIVI Vsrc
maxiges | NS PSR 1V
OVA
UVA
MMA MAX1666 2
1
R2 R4 R6 1
GND
3.
80ms MAX1666 2.5ms
MAX1666
2.5ms MAX1666
2 3 4
MAX1666 ( 2)
MAX1666
CGO TKO DSO MOSFET
) ( MAX1666
CGO TK MOSFET
(
MAX1666 ) WRN
CGO UVO TKO DSO WRN PKF
REF 1%
(D
(3
(Vovr) Vovr 4V
4.4V RrotaAL=R1+R2 =
1MQ R1 R2
MAX1666
1A R2 = [(Vovt - 4V)/(4.4V - 4V)] RroTaL
Vsrc R1 = RtoTaL - R2
1.
TYPICAL
MODE STATE TIME QUIESCENT CONDITION
CURRENT (pA)
Standby 80ms 24 Only bias circuitry, overcurrent comparator, and timer are active.
Normal
Sample 2.5ms 250 All circuitry active.
All circuitry inactive. Device enters shutdown when it detects an undervolt-
Shutdown — — 0.7
age fault and Vsrc < VTop-cELL + 1V (no charge source).

10 MAXIMN




4.
1% +2%
(+0.5%)
+2% M = +0.2%
4.4V
Vovt) +0.7%
MAX1666
Uvo DSO CGO
MOSFET
TKO
REF
( 3)

Vuvr) Vuvr 2V
3V RtotaAL=R3 + R4 =
1MQ R3 R4

R4 = [(Vyvt - 2V)/(3V - 2V)] RrotaL
R3 = RroraL - R4
1% +2.0%

+2%(3V - 2V)/3V = £0.7%

Vuvr)

(£2.5%) +3.2%

MAXIMN

100mV
WRN WRN
300mV
MAX1666
2
TKO CGO Uvo DS
MOSFET PKF
PKF (4mA )
REF
( 3 (Vemm)
Vemt O 500mV
RtotaL=R5+ R6 =1MQ
R5 R6
R6 = [(VcmT/500mV)]  RroTaL
R5 = RroraL - R6
1% +2%
VuvT)
(x10%)
+12%
MAX1666
MAX1666
4

B4P: 14 = 3lce + V4 /R = 4V4 /R = BAT4 Current
B3P: I3 = I3p + |14 = BAT3 Current
I3p +lcB=V3/R =13p=V3/R-Vs/R
I3 =14+ (V3-V4)/R=(3V4+V3)/R
B2P: I2 = Iop + 13 = BAT2 Current
lop+IcB=Vo/R=1lop=Vo/R-V4/R

lo=13+V2o/R-Va/R=14+(V3-V4)/R+
(V2-V4)/R=(2V4+ V3 +V2)/R

B1P: 11 = [{p + |2 = BAT1 Current
Hp+IlcB=Vi/R=11p=V1/R-V4/R

[{=1l2+V1/R-Va/R=14+(V3-Vs)/R +
(V2-V4)/R+(V1-Va)/R

=(Va+V3+V2+V1)/R

Vi=Vo=V3=V4 lp=I2p=1I3p=0
[H=lo=I3=14=4V4/R

11
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MAX1666S/V/X

/ 3. MOSFET
MAX1666 P-CHANNEL MOSFETs | MAXIMUM DRAIN CURRENT (A)
IRF7404 5.3
200mV 300mV
PKN GND IRF7406 47
PKN GND Si4431 4.5
PKN Si4947 (dual) 25EA
CGO
DSO 550ms
550ms DSO CGO
MAX1666 /
DSO
CGO 550ms
MAX1666 8 6
2
MOSFET
P MOSFET /
CGO MOSFET
TKO MOSFET
DSO MOSFET
MOSFET 3
8 SOP
MOSFET

12 MAXIMN




MAX1666S/V/X
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NOTES:

1. D & E DO NOT INCLUDE MOLD FLASH
OR PROTRUSIONS

2. MOLD FLASH OR PROTRUSIONS NOT TO
EXCEED .006” PER SIDE.

3. HEAT SLUG DIMENSIONS X AND Y APPLY ONLY
TO 16 AND 28 LEAD POWER-QSOP PACKAGES.

4. CONTROLLING DIMENSIONS: INCHES.

INCHES

MILLIMETERS

DIM[ MIN

MAX MIN MAX

A | .061

068 | 155 1.73

Al | .004

.0098 | 0.102 0.249

A2| 055

061 1.40 1.55

B |.008

012 0.20 0.31

.0075

0098 | 0.191 0.249

SEE_VARIATIONS

150

[157 [381 [ 399

025 BSC

0.635 BSC

.230

244 |[584 6.20

016 0.25 0.41

016

035 [ 041 0.89

SEE VARIATIONS

SEE VARIATIONS

071

[ 087 | 1.803] 2209

C
D
E
e
H
h | .010
L
N
X
Y
@

0°

[ 8 Jo [s

VARIATIONS:

INCHES

MILLIMETERS

MIN.

MAX. | MIN. MAX. [N

189

196 4.80

498 [16]AA

0020
.107

.0070 | 005 | 0.18
123 272 | 312

337

.344 8.56

8.74_|20[AB|

0500

0550

1.270 | 1.397

.337

.344 | 856

8.74 |24]ac]

1.0250

0300

0.635| 0.762]

.386

.393 | 9.80

9.98

0250

<[ole|wl=le =[x~ ]=

0300

0.635 | 0.762

271

287 6.88

7.29

VI /A X1 2Vi

PROPRIETARY [NFORMATION

TITLE:

APPROVAL

PACKAGE OUTLINE QSEIP 150' 025‘ LEAD PITCH

REV

1
21-0055 B /1

<FIN IO HRASH

QSOP.EPS

0169-005100000000003-30-16000001000
TEL. (03)3232-6141 FAX. (03)3232-6149
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