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ABSOLUTE MAXIMUM RATINGS
IN, SHDNM, MDRV, DBI, LBI, ACI,

CVH IO GND ..o -0.3V to +30V
IN to CVH, PDRV .....0.3V to +6V
BIN to CS- e —————————— -0.3V to +6V
LXBtO GND ...cooeiiiiiieeeeee e, -0.3V to (VBIN+ 0.7V)
PDRV t0 GND.....ooovviiieeeeiieeeeee, (VcvH - 0.3V) to (VN + 0.3V)
All Other PinS t0 GND ......ccoevveeeeeeeeieeeeeeeeeeeee -0.3V to +6V

PGND t0 GND ....ccviiiiiiiiiiiiieiiiece

Continuous Power Dissipation

28-Pin QSOP (derate 10.8mW/°C above +70°C)
32-Pin QFN (derate 23.2mW/°C above +70°C)
Operating TEMPErature ...........c.ccoeeverveicveninenineens

Storage Temperature..................

-0.3V to +0.3V

860mw

1860mwW
-40°C to +85°C
...-65°C to +150°C
Temperature (soldering, 10S) ........ccoovruiieeeiniieeeeiiiieeeenn

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

(Figure 1, VIN = ViNs +12V, VINC = Ves- = Ves+ = +3.3V, Vecore = +1.8V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at

Ta =+25°C.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Voltage VIN 2.7 28 \%
. VEBM = +1.5V, VFgc = +1.5V,
Input Quiescent Supply Current | 18 40 A
putQ PPy N VSHDNM = VSHDNC = +3.3V H
. VEBM = +1.5V, VEgc = +1.5V,
CS- Quiescent Supply Current Ics- 110 220 A
Q PPy €S| VSHDNM= VSHDNC = +3.3V "
Core Regulator Quiescent VEBM = +1.5V, VEgc = +1.5V,
| 1 A
Supply Current INC VSHDNM = V SHDNC = +3.3V 60 05 "
. VBIN = +3.3V, CS- open
gscml‘pc"ﬁ?iitB'N Quiescent leiN | VM = +1.5V, VSIDNW = +3.3V, 60 105 WA
PPy VBKOFF = +1.5V, SHDNC = GND
IN Shutdown Supply Current SHDNM = SHDNC = GND 8 40 HA
MAIN REGULATOR
Main Output Voltage Adjust 195 55 v
Range
. V(cs+ - cs-) = 0 to +60mV,
FBM Regulation Threshold VEBM ViN = +3.5V to +28V 1.21 1.25 1.29 \
FBM Input Current IFBM VEBM = +1.3V -0.1 0.1 A
Current-Limit Threshold Vcs+- Ves- 60 80 100 mV
Minimum Current-Limit
Threshold Vcs+- Ves- 5 15 25 mvV
Valley Current Threshold Vcs+- Ves- 40 50 60 mV
Zero Current Threshold Vcs+- Ves- 0 5 15 mvV
PDRV, NDRYV Gate Drive Ves. = +3.3V, Ipprv. INDRY = 50mA 2 55 0
Resistance
CS- to CVL Switch Resistance IcvL = 50mA 4.5 9.5 Q
PDRV, NDRV Dead Time 50 ns
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ELECTRICAL CHARACTERISTICS (continued)

(Figure 1, VIN = VINs = +12V, VINC = Ves- = Ves+ = +3.3V, Veore = +1.8V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are

at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Maximum Duty Cycle 100 %
Minimum On-Time 200 400 650 ns
Minimum Off-Time 200 400 650 ns
CORE REGULATOR
Input Voltage Range VINC 2.6 55 \

VINC rising 2.40 2.47 2.55
INC Undervoltage Lockout - \Y
ViNne falling 2.30 2.37 2.45
Core Output Voltage Adjust Range 1.0 5.0 \Y
Maximum Core Load Current Vcore = 1.8V (Note 1) 1 15 A
FBC Regulation Threshold VEBC VINC = +2.5to +5.5V, loyTc = 0 to 200mA 0.97 1.0 1.03 \
FBC Input Current IFBC VEgc = +1.3V -0.1 0.1 HA
Dropout Voltage loutc = 400mA 0.1 0.25 \%
LXC Leakage Current ILxc VINC = +5.5V, VL xc =0to +5.5V -10 10 HA
;);;siaiZZnnel, N-Channel On 025 05 0
LXC P-Channel Current Limit IcLe 1200 1800 3000 mA
LXC P-Channel Minimum Current 100 250 400 mA
LXC N-Channel Valley Current 900 1400 2400 mA
é)l(frel\:]-tChannel Zero-Crossing 40 110 170 mA
LXC Dead Time 50 ns
Max Duty Cycle 100 %
Minimum On-Time 170 400 690 ns
Minimum Off-Time 170 400 690 ns
BACKUP REGULATOR
Backup Battery Input Voltage VBBATT 0.9 55 \Y
LXB N-Channel On-Resistance Vcs- = +3.3V, ILxg = 50mA 1.9 35 Q
LXB Current Limit 200 350 600 mA
LXB Leakage Current VixB = +5.5V, VFgm = +1.3V 1 HA
= +5, - = =
BIN Leakage Current IBIN \S/ZE% 2% _ BGPT\I%FF 1 HA
. . Vcs- = +3.3V, BKOFF = GND,
BIN, CS- Switch Resistance SCHSDW= CVL 7.5 15 Q
BIN Switch Zero-Crossing VBIN = +2.5V, BKOFF = SHDNC = 17 35 my
Threshold SHDNM = CVL
LXB Maximum On-Time 2.8 5.6 9.2 us
Zero Crossing Detector Timeout 40 us
MAXIM 3
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ELECTRICAL CHARACTERISTICS (continued)

(Figure 1, VIN = VINs = +12V, VINC = Ves- = Ves+ = +3.3V, Veore = +1.8V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are

at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS

REFERENCE

Reference Voltage VREF 1.23 1.25 1.27 \%

Reference Load Regulation IRer = O to 50pA 10 mV

Reference Line Regulation Vcs- = +2.5V to +5.5V, IrRer = 50pA 5 mV

Reference Sink Current 10 pA

CVL, CVH REGULATORS

CVL Output Voltage Vow vk =50mA Ves =0 26 28 81 v
IcvL = 50mA, Vcs- = +3.3V 3.2

CVL Switchover Threshold CS- rising, hysteresis = 100mV typical 2.40 2.47 2.55 \Y
VIN = +4V, IcvH = 25mA V?"'\il V2”.\|8

CVH Output Voltage VCVH in- in- \Y
VIN = +12V, IcyH = 50mA 42 37

CVH Switchover Threshold VIN VN rising, hysteresis = 350mV typ 5.5 \Y
Ve rising 2.40 2.47 2.55

CVL Undervoltage Lockout - \%
VcyL falling 2.30 2.37 2.45

LOW-VOLTAGE COMPARATORS

Backup Regulator Shutdown VEKOFF VBKOFF rising 0.51 0.55 0.59 v

Threshold VBKOFF falling 0.46 050 054

BKOFF Input Bias Current VBKOFE = +5.5V 1 HA

LBI Threshold ViBI Vg falling, hysteresis = 50mV typical 1.17 1.20 1.23 Vv

DBI Threshold VDBI Vpei falling, hysteresis = 50mV typical 1.17 1.20 1.23 \

BKUP Low-Input Threshold 0.4 v

LBI, DBI Input Leakage Current VLBl = VpB| = +1.3V 100 nA

K

LBO, BKUP, ACO, MDRV vﬂz +1£/AC| = +12\/,Lm = 10 uA

Output Leakage Current VIBO = VBKUP = +5.5V, VMDRV = +28V

ACI Threshold Vacl - Vins, ACI falling 0.22 0.35 \

ACI Input Leakage Current Vacl = +1.3V 100 nA

INS Input Leakage Current VINS = +3.3V 1.5 10 HA

LOGIC INPUTS

\S/;!IE;l;JH\e/I, SHDNC Input Low 04 v

SHDNM, SHDNC Input High

Voltage 2.0 Vv

MAXI N
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ELECTRICAL CHARACTERISTICS (continued)

(Figure 1, VIN = VINs = +12V, VINC = Ves- = Ves+ = +3.3V, Veore = +1.8V, Ta = 0°C to +85°C, unless otherwise noted. Typical values are

at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SHDNM, SHDNC Input Low SHDNM = SHDNC = GND 1 1 LA
Current
SHDNC Input High Current VSHDNC = +5.5V 5 HA
SHDNM Input High Current VSHDNM = +5V 2 25 HA

ELECTRICAL CHARACTERISTICS
(Figure 1, VIN = VINs = +12V, VNG = Ves- = Ves+ = +3.3V, Vcore = +1.8V, Ta = -40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS
Input Voltage VIN 2.7 28 \
: VrBM = +1.5V, VFBC = +1.5V, VSHDNM =
Input Quiescent Supply Current IIN VSHONG = +3.3V 40 HA
. VrBM = +1.5V, VFec = +1.5V, VSHDNM =
CS- Quiescent Supply Current Ics- VSHONG = +3.3V 220 HA
Core Regulator Quiescent NG VEBM = +1.5V, VFBC = +1.5V, VSHDNM = 105 A
Supply Current VSHDNC = +3.3V
. VBIN = +3.3V, CS- open
EECkIIJpC'YIJ?rZitBIN Quiescent IBIN VM = +1.5V, VSHDNM = +3.3V, 110 HA
PPl VBKOFF = +1.5V, SHDNC = GND

IN Shutdown Supply Current SHDNM = SHDNC = GND 40 HA
MAIN REGULATOR

Main Output Voltage Adjust 125 55 v
Range

. V(cs+ - cs-) = 0 to +60mV,
FBM R | Threshol V| 1.21 1.2 \
egulation Threshold FBM ViN = +3.5V t0 +28V 9

FBM Input Current IFBM VEgMm = +1.3V -0.1 0.1 HA
Current-Limit Threshold Vces+ - Ves- 60 100 mV
Minimum Current-Limit

Threshold Ves+ - Ves- 5 25 mv
Valley Current Threshold Vcs+ - Ves- 40 60 mvV
Zero Current Threshold Vcs+ - Ves- 0 15 mvV
PDRV, NDRV Gate Drive

.= +3. = .

Resistance Vcs 3.3V, IppRrv, INDRV = 50mA 5.5 Q
CS- to CVL Switch Resistance IcvL = 50mA 9.5 Q
Maximum Duty Cycle 100 %
Minimum On-Time 200 650 ns
Minimum Off-Time 200 650 ns
MAXIWV 5
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ELECTRICAL CHARACTERISTICS (continued)
(Figure 1, VIN = VINs = +12V, VING,= Ves+ = Ves- = +3.3V, Vcore = +1.8V, Ta = -40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN MAX | UNITS
CORE REGULATOR
Input Voltage Range VINC 2.6 55 \%
VINC rising 2.39 2.55
INC Undervoltage Lockout - \
Vinc falling 2.29 2.45
gg:‘zgutput Voltage Adjust 10 50 v
Maximum Core Load Current Vcore = 1.8V (Note 1) 1 A
FBC Regulation Threshold VEBC Yolﬁicz:gltsotgo-'(-)?ﬁiv’ 0.97 1.03 \Y%
FBC Input Current IFBC VEgc = +1.3V -0.1 0.1 LA
Dropout Voltage loutc = 400mA 0.25 \Y,
LXC Leakage Current ILxc VINC = +5.5V, Vi xc =0 to +5.5V -10 10 HA
e+ s | a
LXC P-Channel Current Limit 1200 3010 mA
t)lﬁePr;tChannel Minimum 100 420 mA
LXC N-Channel Valley Current 880 2450 mA
Ic_:)fj(rlrel\:]-tChannel Zero-Crossing 40 170 mA
Max Duty Cycle 100 %
Minimum On-Time 160 700 ns
Minimum Off-Time 170 690 ns
BACKUP REGULATOR
Backup Battery Input Voltage VBBATT 0.9 55 \%
LXB N-Channel On Resistance Vcs- = +3.3V, ILxg = 50mA 35 Q
LXB Current Limit 200 600 mA
LXB Leakage Current VixB = +5.5V, VFeMm = +1.3V 1 HA
BIN Leakage Current IBIN \S/I?DLN:CZS%Z E:SPT\‘ODFF = 1 HA
BIN, CS- Switch Resistance \S/ESD_-N=C+:3.2\\//,LBKOFF = GND, 15 Q
BIN Switch Zero-Crossing VBIN = +2.5V, BKOFF = SHDNC = - v
Threshold SHDNM = CVL
LXB Maximum On-Time 2.8 9.2 ps
REFERENCE
Reference Voltage VREE 1.220 1.275 \%
Reference Load Regulation IRer = 0 to 50pA 10 mV
Reference Line Regulation Vcs- = +2.5V to +5.5V, IRgr = 50pA 5 mv
Reference Sink Current 10 HA
6 AXIMN
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ELECTRICAL CHARACTERISTICS (continued)
(Figure 1, VIN = ViNs = +12V, VING,= Ves+ = Ves- = +3.3VY, Vcore = +1.8V, Ta = -40°C to +85°C, unless otherwise noted.) (Note 2)

PARAMETER | symBoL | CONDITIONS MIN MAX | UNITS
CVL, CVH REGULATORS
CVL Output Voltage VevL IcvL = 50mA, Vcs-=0 2.6 3.1 \
CVL Switchover Threshold Vcs- rising, hysteresis = 100mV typical 2.40 2.55 Y
VIN = +4V, IcyH = 25mA VIN - 2.8
CVH Output Voltage VCVH \Y
VIN = +12V, IcyH = 50mA VIN - 3.65
V risin 2.40 2.57
CVL Undervoltage Lockout cvL - 9 \
VcyL falling 2.30 2.47
LOW-VOLTAGE COMPARATORS
Backup Regulator Shutdown VBKOFF rising 0.51 0.59
VBKOFF - \%
Threshold VBKOFF falling 0.46 0.54
BKOFF Input Bias Current VBKOEE = +5.5V 1 HA
LBI Threshold VLBI V| g| falling, hysteresis = 50mV typical 1.17 1.23
DBI Threshold VDBl Vpg| falling, hysteresis = 50mV typical 1.17 1.23 \
BKUP Low-Input Threshold 0.4 \Y
LBI, DBI Input Leakage Current VLBI, VDBl = +28V 100 nA
BO, BKUP, ACO, MDRV _
Output Low IsiNK = 1mA 0.4 v
B0, BKUP, ACO, MDRV VoI = +1.3V, Vacl = VIN = +12V, Vaco = 10 A
Output Leakage Current VIBO = VBKUP = +5.5V, VMDRV = +28V ' H
ACI Threshold Vaci - ViNs, ACI falling 0.5 \
ACI Input Leakage Current Vacl = +1.3V 100 nA
MAIN Input Leakage Current VINS = +3.3V 10 MA
LOGIC INPUTS
SHDNM, SHDNC Input Low 04 v
Voltage
SHDNM, SHDNC Input High 20 v
Voltage
SHDNM, SHDNC Input Low SHDNM = SHDNC = GND 1 1 LA
Current
SHDNC Input High Current VSHDNC = +5.5V 5 HA
SHDNM Input High Current VSHDNM = +28V 25 MA

Note 1: This parameter is guaranteed based on the LXC P-channel current limit and the LXC N-channel valley current.
Note 2: Specifications to -40°C are guaranteed by design and not production tested.

MAXIMV
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(Circuit of Figure 1, ViN = +5V, Vinc = +3.3V, Ta = +25°C, unless otherwise noted.)
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(Circuit of Figure 1, ViN = +5V, Vinc = +3.3V, Ta = +25°C, unless otherwise noted.)
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(Circuit of Figure 1, V|N = +5V, VN = +3.3V, Ta = +25°C, unless otherwise noted.)
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PACKAGE DUTLINE, 32,44,48L GFN, 7x7x0.90 MM

APPROVAL 'DOCUNENT CONTROL NO. REV
1
21-0092 | F |/a
NOTES:
1. DIE THICKNESS ALLOWABLE IS 0.305mm MAXIMUM(.012 INCHES MAXIMUM)

. DIMENSIONING & TOLERANCES CONFORM TO ASME Y14.5M. — 1994.

N IS THE NUMBER OF TERMINALS.

Nd IS THE NUMBER OF TERMINALS IN X—DIRECTION &

Ne IS THE NUMBER OF TERMINALS IN Y-DIRECTION.

sznsz b APPLIES TO PLATED TERMINAL AND IS MEASURED Y COMMON ]

ETWEEN 0.20 AND 0.25mm FROM TERMINAL TIP. A .

Amz PIN #1 IDENTIFIER MUST EXIST ON THE TOP SURFACE OF THE X 0.90 1.0

PACKAGE BY USING INDENTATION MARK OR INK/ LASER MARKED. 00 0& ] 0.0

OF PACKAGE BODY. .00 Z%EEFI 1.0

EXACT SHAPE AND SIZE OF THIS FEATURE IS OPTIONAL. -00_B:
7. ALL DIMENSIONS ARE IN MILLIMETERS. gg g
8. PACKAGE WARPAGE MAX 0.08mm.

APPLIED FOR EXPOSED PAD AND TERMINALS. (3 12°

EXCLUDE EMBEDDED PART OF EXPOSED PAD FROM MEASURING. 235 ggg [
10. MEETS JEDEC M0220. Soe = =5 T

11. THIS PACKAGE OUTLINE APPLIES TO ANVIL SINGULATION (STEPPED SIDES)
AND TO SAW SINGULATION (STRAIGHT SIDES) QFN STYLES.
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INCHES MILLIMETERS
DIM| MIN | MAX [ MIN | MAX
A lost [0e8 [155 | 173
Al[.004 [.0008 |0102 | 0.249
A2].055 [ 061 | 140 155
B [.008 |01 [020 | 031
0075 | 0098 [0491 | 0.249
SEE_VARIATIONS
150 [ 157 [381 | 399
025 BSC 0.635 BSC
584 | 620
010 [ 016 025 | 041
016 035 | 0.41 0.89
SEE_VARIATIONS
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INCHES MILLIMETERS

C MIN. | MAX. | MIN. [ Max.[N |
{ { D189 |19 | 480 | 498 [16]a
= 0020 | 0070 | 005 | 0.8

337 |.344 | 856 | 874 [20]aB]
0500 | 0550 | 1270 1.397
337 | .344 | 856 | 874 |24lac]
0250 |.0300 | 063s] 0.762
386 |.393 | 980 | 998 |eslad
0250 | .0300 | 0635 0762
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NOTES:
. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. N/
2>, MOLD FLASH OR PROTRUSIONS NOT TO EXCEED .006” PER SIDE. /VI /J K I /VI

PROPRIETARY INFORMATION

3>, CONTROLLING DIMENSIONS: INCHES. e
4). MEETS JEDEC MO137. PACKAGE_OUTLINE, GSOP, 150, .025* LEAD PITCH
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