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ABSOLUTE MAXIMUM RATINGS

DCIN, CSSP, CSSN to GND -0.3V to +30V
BST to GND -0.3V to +36V
BST 10 LX oo -0.3V to +6V
DHIEO LX oo -0.3V to (BST + 0.3V)
-6V to +30V
BATT, CSIP, CSIN t0 GND- ..., -0.3V to 20V
CSIP to CSIN or CSSP to CSSN or
PGND 0 GND ..o, -0.3V to +0.3V
CCl, CCS, CCV, DLO, ICHG, IINP,
ACIN, REF t0 GND ..o, -0.3V to (VLDO + 0.3V)
DLOV, VCTL, ICTL, REFIN, CELLS,
CLS, LDO, ACOK t0 GND ......covveeeeeeeeereeeeerrennnn. -0.3V to +6V

DLOV 10 LDO....ooiiiiiiiieecieeree e
DLO to PGND .
LDO Short-Circuit CUITENt .........cceeeviieiiiieiiieereeeee e 50mA
Continuous Power Dissipation (Ta = +70°C)

28-Pin QSOP (derate 10.8mW/°C above +70°C)......... 860mw
Operating Temperature Range

MAX1772EEl..............
Junction Temperature ................
Storage Temperature Range............. .
Lead Temperature (soldering, 10S) ........occcceeeeiriieieennnnnns +300°C

...-40°C to +85°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 = Vessp = VessN = 18V, VBaTT = Vesip = Vesin = 12V, VRerin = 3.0V, VycTL = VicTL = 0.75 0 REFIN, CELLS = 2.0V,
ACIN = 0, CLS = REF, Vst - VL.x = 4.5V, GND = PGND = 0, C_po = 1pF, LDO = DLOV, Crger = 1yF; pins CCl, CCS, and CCV are
compensated per Figure 1a; Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL ‘ CONDITIONS MIN TYP MAX | UNITS
SUPPLY AND LDO REGULATOR
DCIN Input Voltage Range VDCIN 8.0 28 \
DCIN Undervoltage Lockout DCIN falling 7 7.4
Trip Point DCIN rising 75 7.85 v
DCIN Quiescent Current IDCIN 8.0V < VpcIN < 28V 2.7 6 mA
LDO Output Voltage 8.0V < VpcIN < 28V, no load 5.25 5.4 5.55 \Y
LDO Load Regulation 0 <ILpo < 10mA 34 100 mV
#Egp%ﬁervoltage Lockout VbCIN = 8.0V 32 4 5.15 Vv
REF Output Voltage 0 < IRerF < 500pA 4.072 4.096 4.120 Vv
REF Undervoliage Lockout REF faling 51 39 | v
TRIP POINTS
BATT POWER_FAIL Threshold Vcssp falling 50 100 150 mV
EC;L&(;ZVER_FAIL Threshold 100 200 300 mv
ACIN Threshold ACIN rising 2.007 2.048 2.089 \
ACIN Threshold Hysteresis 0.5% of REF 10 20 30 mV
ACIN Input Bias Current VACIN = 2.048V -1 1 HA
CLS Input Range 1.6 REF \Y
CLS Input Bias Current VcLs = 2.0V -1 1 HA
SWITCHING REGULATOR
Minimum Off-Time VBATT =16.8V 1 1.25 15 us
Maximum On-Time 10 15 ms
Oscillator Frequency fosc (Note 1) 400 kHz
2 N AXIW




ogoooooooonooonoonn
goonooooononnond

ELECTRICAL CHARACTERISTICS (continued)

(VbcIN = Vessp = Vessn = 18V, VBaTT = Vesip = VesiN = 12V, VRerN = 3.0V, VyctL = VicTL = 0.75 0 REFIN, CELLS = 2.0V,
ACIN = 0, CLS = REF, VBsT - VLx = 4.5V, GND = PGND = 0, C_po = 1yF, LDO = DLOV, CRrgfr = 1yF; pins CCI, CCS, and CCV are

compensated per Figure 1a; Ta = 0°C to +85°C, unless otherwise noted. Typical values are at T = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
DLOV Supply Current IbLOV DLO low 5 10 UA
BST Supply Current IBST DHI high 6 15 HA
LX Input Bias Current VDCIN = 28V, VBATT = VL.x = 20V 150 500 HA
LX Input Quiescent Current VpcIN = 0, VBATT = ViLx = 20V 0.3 1 HA
DHI Maximum Duty Cycle 99 99.9 %
DHI On-Resistance High VBsT - VLx = 4.5V, IpH| = +100mA 4 7 Q
DHI On-Resistance Low VBsT - Vix = 4.5V, IpH| = -100mA 1 2 Q
DLO On-Resistance High VpLov = 4.5V, IpLo = +100mA 4 7 Q
DLO On-Resistance Low VbLov = 4.5V, IpLo = -100mA 1 2 Q
VBATT = 19V, Vpcin =0 5
BATT Input Current IBATT HA
VBATT = 2V to 19V, VpciIN > VBATT + 0.3V 200 500
V| =0 1 5
CSIP/CSIN Input Current DCIN WA
Vcsip = VesIn = 12V 800
Vpcin =0 0.1 0.3
CSSP/CSSN Input Current HA
Vcssp = VessN = Vbein > 8.0V 800
BATT/CSIP/CSIN Input Voltage
Range 0 19 \
CSIP to CSIN Full-Scale —
Current-Sense Voltage VBATT = 12V 189 204 219 mv
CSSP to CSSN Full-Scale
Current-Sense Voltage 189 204 219 mv
ERROR AMPLIFIERS
GMV Amplifier _ — —
Transconductance VCTL = REFIN, VBaTT = 16.8V, CELLS = LDO 00625 0.125 0.250 mS
GMI Amplifier — R —
Transconductance ICTL = REFIN, Vcsip - Vcsin = 150.4mV 0.5 1 2 mS
GMS Amplifier — } —
Transconductance VcLs = 2.048V, Vcssp - VessN = 102.4mV 0.5 1 2 mS
CCl/CCS/CCV Clamp Voltage 0.25V < Vcevrsi < 2.0V 150 300 600 mVv
CURRENT AND VOLTAGE SETTING
. ICTL = REFIN (see Equation 2) -8 +8
Charging-Current Accuracy - %
ICTL = REFIN/32 (see Equation 2) -55 +55
ICTL, VCTL, REFIN Input Bias VveTL = VicTL = VREFIN = 3V -1 +1 A
Current VbeIN = 0, VveTL = VICTL = VREFIN = 5V -1 +1
ICTL Power-Down Mode REFIN REFIN REFIN vV
Threshold Voltage /100 55 13
AXIMW 3
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ELECTRICAL CHARACTERISTICS (continued)

(VpbcIN = Vcssp = Vessn = 18V, VBatT = Vesip = VesiN = 12V, VRerIN = 3.0V, VyerL = VicTL = 0.75 0 REFIN, CELLS = 2.0V,
ACIN = 0, CLS = REF, Vst - VL.x = 4.5V, GND = PGND = 0, C_po = 1pF, LDO = DLQOV, Crgefr = 1yF; pins CClI, CCS, and CCV are
compensated per Figure 1a; Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Tp = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
z/s\g%TE :UZEEEIT)(Z‘ 3, or 4 cells) 05 +05
Battery-Regulation Voltage a %
Accuracy VvcTL = VREFIN/20 (2, 3, or 4 cells)
) -0.5 +0.5
(see Equation 1)
REFIN Range 2.0 3.6 \%
REFIN Undervoltage Lockout 1.20 1.92 \Y
VicHG to (Vcsip - VesiN); Vesip -
ICHG Transconductance Vesin = 0.185V: VicHg = 0, 3.0V 0.95 1.0 1.05 mS
Vcsip - Vesin = 0.185V 5 +5
ICHG Accuracy %
Vcsip - Vesin = 0.05V -10 +10
VIINP to (Vcssp - VessN); Vessp -
IINP Transconductance Vess = 0.185V; Viine = 0, 3.0V (Note 2) 0.85 1.0 1.15 mS
Vcssp - Vessn = 0.185V -15 +15
IINP Current Accuracy (Note 2) %
Vcssp - Vessn = 0.05V -20 +20
Vcssp - Vessn = 0.08V, VeLs = 1.6V -10 +10
CSSP - CSSN Accuracy %
Vcssp - Vessn = 0.2V, CLS = REF -10 +10
CSSP + CSSN Input Voltage
Range 8.0 28 Vv
LOGIC LEVELS
CELLS Input Low Voltage 0.2 \
CELLS Input Middle Voltage 0.4 VDo |y
CELLS Input High Voltage VI(SDZOS VLDO %
CELLS Input Bias Current CELLS =0or VLpo -10 10 HA
ACOK Sink Current Vacok = 0.4V 1 mA
ACOK Leakage Current Vacok = 5.5V -1 1 HA

4 MAXIMN
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ELECTRICAL CHARACTERISTICS

(VbcIN = Vessp = Vessn = 18V, VBatT = Vesip = VesiN = 12V, VReriN = 3.0V, VyeTL = VicTL = 0.75 0 REFIN, CELLS = 2.0V,
ACIN = 0, CLS = REF, VBsT - VL.x = 4.5V, GND = PGND = 0, C_po = 1pF, LDO = DLQOV, Crgefr = 1yF; pins CClI, CCS, and CCV are
compensated per Figure 1a; Ta = -40°C to +85°C, unless otherwise noted.)

PARAMETER ‘ SYMBOL | CONDITIONS MIN TYP MAX UNITS
SUPPLY AND LDO REGULATOR
DCIN Input Voltage Range VDCIN 8.0 28 \
DCIN Undervoltage Lockout DCIN falling 7 v
Trip Point DCIN rising 7.85
DCIN Quiescent Current IDCIN 8.0V < VpcIN < 28V 6 mA
LDO Output Voltage 8.0V < VpcIN < 28V, no load 5.25 5.65 \
TRIP POINTS
BATT POWER_FAIL Threshold Vcssp falling 50 150 mV
ECSTtTechs)i\SNER‘FAIL Threshold 100 300 mv
ACIN Threshold ACIN rising 2.007 2.089 \
ACIN Threshold Hysteresis 0.5% of REF 10 30 mV
ACIN Input Bias Current VACIN = 2.048V -1 1 A
CLS Input Range 1.6 REF \Y,
CLS Input Bias Current VcLs = 2.0V -1 1 HA
SWITCHING REGULATOR
Minimum Off-Time VBATT = 16.8V 15 us
Maximum On-Time 5 15 ms
Oscillator Frequency fosc (Note 1) 400 kHz
DHI Maximum Duty Cycle 99 %
BATT Input Current IBATT VeaTT = 19V, Vbin =0 > A
VBATT = 2V to 19V, VpciN > VeaTT + 0.3V 500
CSIP/CSIN Input Current VDeIN =0 > HA
Vcsip = Vesin = 12V 800
Vpcin =0 0.3
CSSP/CSSN Input Current HA
Vcssp = VessN = VbeIN > 8.0V 800
EQ;;(/ECSIP/CSIN Input Voltage 0 19 v
w e | m
Coren S w s |
CURRENT AND VOLTAGE SETTING
. ICTL = REFIN (see Equation 2) -8 +8
Charging Current Accuracy - %
ICTL = REFIN/32 (see Equation 2) -55 +55
ICTL, VCTL, REFIN Input Bias VvcTL = VicTL = VREFIN = 3V -1 +1
Current VbciIN = 0, VvcTL = VicTL = VREFIN = 5V -1 +1 hA
AXIMW 5
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ELECTRICAL CHARACTERISTICS (continued)

(VbcIN = Vessp = Vessn = 18V, VBatT = Vesip = VesiN = 12V, VReriN = 3.0V, VyeTL = VicTL = 0.75 0 REFIN, CELLS = 2.0V,
ACIN = 0, CLS = REF, VBsT - VL.x = 4.5V, GND = PGND = 0, C_po = 1pF, LDO = DLQOV, Crgefr = 1yF; pins CClI, CCS, and CCV are
compensated per Figure 1a; Ta = -40°C to +85°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ICTL Power-Down Mode REFIN REFIN Vv
Threshold Voltage /100 33
VSVeCeTE: \;tR_gET (2, 3, or 4 cells) 1.0 +1.0
Battery Regulation Voltage ( quati ) %
Accuracy v —
vCTL = VREFIN/20 (2, 3, or 4 cells)
) -1.0 +1.0
(see Equation 1)
REFIN Range 2.0 3.6 \
REFIN Undervoltage Lockout 1.92 \Y
Vcsip - Vesin = 0.185V -15 +15
ICHG Accuracy %
Vcsip - Vesin = 0.05V -20 +20
Vcssp - Vessn = 0.185V -15 +15
IINP Current Accuracy (Note 2) %
Vcssp - Vessn = 0.05V -20 +20
Vcssp - Vessn = 0.08V, Veis = 1.6V -10 +10
CSSP - CSSN Accuracy %
Vcssp - Vessn = 0.2V, CLS = REF -10 +10
CSSP + CSSN Input Voltage
Range 8.0 28 \Y%
LOGIC LEVELS
CELLS Input Low Voltage 0.2 \
CELLS Input Middle Voltage 0.4 \_/LODS v
CELLS Input High Voltage VI6|32C5) VLDOo %
CELLS Input Bias Current CELLS =0or VLpo -10 10 HA
ACOK Sink Current Vacok = 0.4V 1 mA
ACOK Leakage Current Vacok = 5.5V -1 1 HA

Note 1: Guaranteed by design. Not production tested.
Note 2: Tested under DC conditions. See text for more detail.
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(Circuit of Figure 1a, Vpcin = 20V, Ta = +25°C, unless otherwise noted.)

MAXIN

LOAD-TRANSIENT RESPONSE

(BATTERY REMOVAL AND REINSERTION)

MAX1772 toc0L

LOAD-TRANSIENT RESPONSE
(STEP-IN LOAD CURRENT)

MAX1772 toc02

[ P e | Vearr cal ccs
| i 20V/div I SN S ——— 1\
A ——e ccs ccl
o B! IBATT I ey ifs i 500mV/div
I i 2A/div
T A cev . b.l.l.|l.|._ " ¥ s Vexrr
e, 20v/div
I cel | X SRR R S
Eid 1 M
A . cel o
- | “me_ ] 500mV/div LOAD
- i = cov o brieed  2A/diV
{ 500mV/div
1ms/div 1ms/div
|<— BATTERY PRESENT ICTL = 330V
CHARGING CURRENT = 2.0A
ICTL =0.957V VBATT =16V
VCTL =33V LOAD STEP =070 3A
Isource LIMIT = 5A
LINE-TRANSIENT RESPONSE LDO LOAD REGULATION
MAX1772 toc03 04 r r -
= VCTL=0 g
JIHE SRR SO FPHT | boN 03 |ICTL=33V E
10v/div DCIN = 20.0V E
02 | LDO=5.40v
£ o1
[a'
o
i g 0
X 1 VBatT ° N
PR i, RO bl I (C-courLen) 3 01 ~
[} ' i | 100mvrdiv
0.2 ~
-0.3 \\\‘
} S
04
2ms/div 001 2 3 4 5 6 7 8 9 10
Vaxrr = 16V LDO CURRENT (mA)
DCIN = 185V T0 275V
ILoaD = 150mA

CL/LTXVIN



MAX1772

pgoooooooonoononoonn
ogooooooonoonond

oooooo@o)

(Circuit of Figure 1a, Vpcin = 20V, Ta = +25°C, unless otherwise noted.)
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1.0
0.8
0.6
0.4
02

-0.2
-0.4
-0.6
-0.8
-1.0

LDO LINE REGULATION

REF VOLTAGE LOAD REGULATION

REF VOLTAGE ERROR vs. TEMPERATURE

MAX1772 toc07
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(Circuit of Figure 1a, Vpcin = 20V, Ta = +25°C, unless otherwise noted.)

OUTPUT V/I CHARACTERISTICS BATT VOLTAGE ERROR vs. VCTL
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1 DCIN 000000

2 LDO D000000DCINDOOOOD05.4v00000000000001yF0000000000000000

3 cLs 000000000000000000000000000000000

4 REF 4.096V0000000001WF0GNDOOOOOO00000O

5 cCs 00000000000000000000.01yF00000GNDOOO0D0000

6 cCl 00000000000000000000.01yF00000GNDOOON0D0000

7 ccv D00000000000000001kQ00.44F00000000GNDOODNDNNON0NDDNDO

8,9 GND 00000000
ICHGO OO O00O0D0D0000000000000000000000000000000000000

10 ICHG 00000000000000000000000000000(CSIP-CSIN)DOICHGOOOOO0
000000001mS00000000ICHGO DOGNDO 00000000

11 ACIN ACODDO0ACOIO0D000000000000000000000

12 ACOK ACODODOOACINOREF/2000000000000000000000000

13 REFIN D00000000ICTLODOVCTLOO00000000000000000
DACOOODDDO0O0DD

" IoTL 00000000000000000000REFIN/320REFINDG D000 00 0REFIN/SS(typ)0 00
000000000000000000000000000

15 VCTL 0000000000000000000000REFINOOD

16 CELLS 000000000000300000000GND=2000LD0/2=3000LDO0=4000

17 BATT nfufa)a]afafsfu

18 CSIN 0000000000

19 csIP 000000000000000000CSIPOOCSINOODDOO000

20 PGND 0000000

21 DLO 000000000OMOSFETD000000000000NMOSIO0000000000

22 DLOV 000000000000

23 LX 000000000MOSFETD0000000000000000NMOSO000000000000

24 DHI D00000000OMOSFETO000000000000NMOSIO0000000000

25 BST 000000000OMOSFETOO000000000
0.1yF0000000LX00BSTOOO000000

26 CSSN D0000000000(@O0)

27 ©S5P | NDD0DDDcssPOUCSNEND0O0000

28 IINP INPOODO0000000000000000000000000000000000000000000
(CSSP-CSSN)IDIINPO 000 00000000001mS00000000INPOOCOGNDOOOO00000
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DESIGNATION DESCRIPTION
22uF, 35V low-ESR tantalum capacitors
C1,C2,C3,C4 | AVX TPSE226M035R0300 or
Sprague 593D226X0035E2W
cs 1pF, 50V ceramic capacitor (1210)
Murata GRM42-2X7R105K050
C6. C7 0.47uF, 25V ceramic capacitors (1210)
' Murata GRM42-2X7R474K050
C9, C10 0.01pF ceramic capacitors (0805)
1pF, 10V ceramic capacitors (0805)
C12,C13 .
Taiyo Yuden LMK212BJ105MG
C11, C14, C15, 0.1pF, 50V ceramic capacitors (0805)
C16, C18, C19, | Taiyo Yuden UMK212BJ104MG or
C20 Murata GRM40-034X7R104M050
Schottky diode (DPAK)
D1 STM-Microelectronics STPS8L30B or
ON Semiconductor MBRD630CT or
Toshiba USFWK2C42
D2 30V, 3A Schottky diode
Nihon EC31QS03L
100mA Schottky diodes (SOT23)
D3, D4 Central Semiconductor CMPSH-3 or
Hitachi HRBO103A
L1 22uH power inductor

Sumida CDRH127-220

MAXIN

DESIGNATION DESCRIPTION
N-channel MOSFET
N1 International Rectifier IRF7805 or
Fairchild FDS6680
N2 N-channel MOSFET
Fairchild FDS6612A
0.04Q +1%, 1W resistor
RS1 Dale WSL-2512-R040-F or
IRC LR2512-01-R040-F
0.05Q +1%, 1W resistor
RS2 Dale WSL-2512-R050-F or
IRC LR2512-01-R050-F
R5 1kQ +5% resistor (0805)
R6 59.0kQ +1% resistor (0805)
R7 19.6kQ +1% resistor (0805)
R8 1MQ +5% resistor (0805)
R9 15.4kQ +1% resistor (0805)
R10 12.4kQ +1% resistor (0805)
R11, R12 1Q +5% resistors (0805)
R13 33Q +5% resistor (1206)
R14, R15 4.7Q +5% resistors (1206)
R19 29.4kQ +1% resistor (0805)
R20, R21, R22 10kQ +1% resistors (0805)
googod

TRANSISTOR COUNT: 2733

PROCESS: S12
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SEE VARIATIONS
v | s Jo |8

e BAH’ h X 457 —| |- VARIATIONS:
J_ A2 INCHES MILLIMETERS
) ) I Al I MIN. | MAx. | MIN. [ MAxN ]
(:Hj_l:u:uj_l: A { ‘l j [ 189 | .96 | 480 | 498 [16]AA
= L 0020 | 0070 | 0.05 | 048 =
337 |.344 | 856 | 874 |20[AB

ooooo
w
@
INCHES MILLIMETERS o
S [~— DIM| MIN | MAX | MIN | MAX %
-— A lost |68 [155 | 173
H H H H H H H E/2 A1] 004 | 0098 [0402 | 0249
\ A2| 055 | 061 | 140 | 155
B | 008 |02 |020 | 031
C 0075 |.0098 | 0491 | 0.249
H _I_ D SEE_VARIATIONS
E [150 [ua57 [381 [ 399
e 025 BSC 0.635 BSC
H | 230 | 244 |584 | 620
h |00 |06 |oes | 04t
L [0t6 [ 035 |04 | 089
N
x

U0 UUuTl

0500 | 0550 | 1.270 | 1.397
337 |.344 | 856 | 874 |24ac]
[.0250 [.0300 [ 0.635] 0762
386 |.393 | 980 | 998 [eg]aD
0250 | 0300 | 0635 | 0.762

ngluglvle]v]e]

NOTES:

D. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. N’

2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED .006 PER SIDE. /WVI m/J K I /VI

3). CONTROLLING DIMENSIONS: INCHES. T

4> MEETS JEDEC MO137. PACKAGE DUTLINE, GSOP, 150", 025" LEAD PITCH
APPROVAL 'DOCUMENT CONTROL NO.

REV
1
21-0055 D /1

/DDEJIZID N

<FILN IV RASH

0169-005100000000003-30-16000001000

\_ ) TEL. (03)3232-6141 FAX. (03)3232-6149
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