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ABSOLUTE MAXIMUM RATINGS

IN, SHDN, INA, LDOAt0 GND .....cooooviiiiiiiiie -0.3V to +30V
GND to PGND .....oooiiiiiiiiiiiii, -0.3Vto +0.3V
LDOS5, LDO3, Vec to GND .. -0.3Vto +6V
ILIM3, ILIM5, PGDLY to GND.....cocoooiiiiii, -0.3Vto +6V
CSL3, CSH3, CSL5, CSH5t0 GND ......ooiiiiiie -0.3Vto +6V

ON3, ON5, FB3, FB5 10 GND ......cevvvvvo...
SKIP, OVP, UVP 10 GND...voovooeve 0.3V to +6V
PGOOD, FSEL, ADJA, ONA to GND 0.3V to +6V
REF 10 GND cov.ooveeeeeeeeeeee e -0.3V to (Vce + 0.3V)

DL3, DL5 to PGND.......... -0.3V to (VLpos + 0.3V)

-0.3Vto +6V

BST3, BST5t0 PGND ... -0.3V to +36V
LXB 10 BSTB oo -6V to +0.3V
DH3 10 LX3 oo -0.3V to (VBsT3 + 0.3V)

LX5 10 BSTS ..o -6V to +0.3V
DH5 10 LX5 oo -0.3V to (VBsT5 + 0.3V)
LDO3, LDO5 Short Circuit to GND ..., Momentary
REF Short Circuit to GND .......oooiiiiiiiiiiiic Momentary
INA Shunt CUIrent...........ooooiiiieee e +15mA

Continuous Power Dissipation (Ta = +70°C)
32-Pin TQFN (derate 21.3mW/°C above +70°C) ....... 1702mw
36-Pin TQFN (derate 26.3mW/°C above +70°C) ....... 2105mW
Operating Temperature Range ..............c.cccoe.e -40°C to +85°C
Junction Temperature...................
Storage Temperature Range
Lead Temperature (soldering, 10S) ........cccccevviiiiiinnnn. +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

(Circuit of Figure 1, ViN = 12V, both SMPS enabled, Vcc = 5V, FSEL = REF, SKIP = GND, ViLiM_ = VLDOs, VINA = 15V, VLpoA = 12V,
ILpos5 = ILD0O3 = ILpoA = no load, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | symsoL | CONDITIONS MIN TYP  MAX | UNITS

INPUT SUPPLIES (Note 1)
LDOS5 in regulation 6 26

VIN Input Voltage Range VIN V
IN = LDO5, Vouts < 4.43V 4.5 55

VN Operating Supply Current [N LDO5 switched over to CSL5 15 35 pA
VIN = 6V to 26V, both SMPS off,

VIN Standby Supply Current [IN(STBY) includes IS 100 170 pA

VIN Shutdown Supply Current lIN(SHDN) | VIN = 6V to 26V, SHDN = GND 5 17 pA
Both SMPS on, FB3 = FB5 = SKIP = GND,

Quiescent Power Consumption Pa Vesia = 3.5V, Vesis = 5.3V, Vina = 15V, 3.5 45 mwW
ILDOA =0, PIN + PcsL3 + PcsLs + PINA

) Both SMPS on, FB3 = FB5 = GND,

Vcc Quiescent Supply Current lcc Vosia = 3.5V, VesLs = 5.3V 1.1 2.1 mA

MAIN SMPS CONTROLLERS

ﬁ/'li\éeomp“t Voltage in Fixed VouTs | ViN = 6V to 26V, SKIP = Ve (Note 2) 3280 333 3380 | V

5V Output Voltage in Fixed Mode VouTs VIN = 6V to 26V, SKIP = Ve (Note 2) 4975 5.05 5.125 Vv

Feedback Voltage in Adjustable VIN = 6V to 26V, FB3 or FB5,

Mode VFB. | quty factor = 20% to 80% (Note 2) 0990 1.005  1.020 v

Output-Voltage Adjust Range Either SMPS 1.0 55 V

FB3, FB5 Dual-Mode Threshold 0.1 0.2 \

Feedback Input Leakage Current VFB3 = VFBs = 1.1V -0.1 +0.1 pA

DC Load Regulation Either SMPS, SKIP = Ve, -0.1 %
ILoaD = 0 to full load
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, ViN = 12V, both SMPS enabled, Vcc = 5V, FSEL = REF, SKIP = GND, V|Lim_ = V1LD0s, VINA = 15V, Vi DoA = 12V,
ILDO5 = ILDO3 = ILpoA = no load, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Line-Regulation Error Either SMPS, duty cycle = 10% to 90% 1 %
FSEL = GND 170 200 230
Operating Frequency (Note 1) fosc FSEL = REF 270 300 330 kHz
FSEL = Vce 425 500 575
FSEL = GND 91 93
Maximum Duty Factor (Note 1) Dmax FSEL = REF 91 93 %
FSEL = Vce 91 93
Minimum On-Time tonmmINy | (Note 3) 200 ns
SMPS3 to SMPS5 Phase Shift SMPS5 starts after SMPS3 40 %
144 Deg
CURRENT LIMIT
ILIM_ Adjustment Range 0.5 VREF \
Current-Sense Input Range CSH_, CSL_ 0 55 \
gzgg:?Sense Input Leakage CSH_. Vesti. = 5.5V 1 1 UA
Current-Limit Threshold (Fixed) VimITZ VesH_ - VesL, ILIM_ = Ve 70 75 80 mV
o ViLim_ = 2.00V 170 200 230
&“{;jﬁ;;t‘lgt Threshold VLMIT_  |VesH_-VesL. | Vil = 1.00V 91 100 109 | mv
ViLim_ = 0.50V 42 50 58
?Nug;ear;[\—/léi)mit Threshold VNEG l/Srsrgat—”\r/TifL_, SKIP = V¢, percent of 120 %
gtrjorrsesriwr:-gl_)lmlt Threshold (Zero Vox VPGND - Vix_ SKIP = GND, ILIM_ = Ve 3 mv
ILIM_ = Vce 10 16 22 mV
Idle Mode™ Threshold VIDLE VCSsH_ - VesL_ With respect to current-
limit threshold (VL imiT) 20 %
ILIM_ Leakage Current ILIM3 = ILIM5 = GND or Vcc -0.1 +0.1 PA
Soft-Start Ramp Time tss Measured from the rising edge of ON_ to 512/ S
full scale fosc

INTERNAL FIXED LINEAR REGULATORS

ON3 = ON5 = GND, 6V < V|N < 26V,

LD Vol \Y 4. 4, A V
O5 Output Voltage LDO5 0 < ILDos < 100mA 80 95 5.10

LDO5 Undervoltage-Lockout Fault o P
Threshold Rising edge, hysteresis = 1% 3.75 4.0 4.25 \
L.DOS5 Bootstrap Switch Threshold Rising edge of CSL5, hysteresis = 1% 4.41 4.75 \%
LDO5 Bootstrap Switch LDOS5 to CSL5, VesLs = 5V,

. 0.75 3 Q
Resistance ILDO5 = 50mA

Idle Mode#+Maxim Integrated Products, Inc.fJRikp

MAXIMN 3
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, ViN = 12V, both SMPS enabled, Vcc = 5V, FSEL = REF, SKIP = GND, Vi_m_ = VLpos, VINA = 15V, Vipoa = 12V,

ILDO5 = ILDO3 = ILpoA = no load, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Standby mode, 6V < V|N < 26V,

LDO3 Output Voltage VLDO3 0 < 1LoAD < 100mA 3.20 3.35 3.42 \

LDO3 Bootstrap Switch Threshold Rising edge of CSL3, hysteresis = 1% 2.83 3.10 \

LDO3 Bootstrap Switch LDO3 to CSL3, VcsL3 = 3.2V,

i 1 3 Q
Resistance ILDO3 = 50mA
o LDO3 = LDO5 = GND,

Short-Circuit Current CSL3 = CSL5 = GND 150 220 mA

Short-Circuit Current (Switched LDO3 = LDO5 = GND, VgsL3 > 3.1V, 250 mA

Over to CSL_) Vesis > 4.7V

AUXILIARY LINEAR REGULATOR (MAX1537A ONLY)

LDOA Voltage Range VLDOA 5 23 V

INA Voltage Range VINA 6 24 vV

LDOA Regulation Threshold, ADJA = GND, 0 < ILpOA < 120mA,

Internal Feedback ViNA > 13V 1.4 120 124 v

ADJA Regulation Threshold, 0 < ILpoA < 120mA, VL poa > 5.0V and

External Feedback VADJA VINA > VIDOoA + 1V 1.94 2.00 206 v

ADJA Dual-Mode Threshold 0.1 0.15 0.2 V

ADJA Leakage Current VaDJA = 2.1V -0.1 +0.1 pA

LDOA Current Limit Vipoa forced o ViNa - 1V, VaDuA =19V, | g4 mA
VINA > 6V

Secondary Feedback Regulation

Threshold VINA - VLDOA 0.65 0.8 0.95 v

DL Duty Factor VINA - VLDOA .< O:7V, pu!se width with 33 %
respect to switching period

INA Quiescent Current [INA VINA = 24V, ILpoA = no load 50 165 pA

INA Shunt Sink Current VINA = 28V 10 mA

INA Leakage Current [INA(SHDN) | VINA = 5V, LDOA disabled 30 pA

REFERENCE (REF)

Reference Voltage VREF Vcc =4.5Vto55V, IRegr=0 1.985 2.00 2.015 V

Reference Load Regulation IREF = -10pA to +100pA 1.980 2.020 \

REF Lockout Voltage VREF(UVLO) | Rising edge, hysteresis = 350mV 1.95 \

FAULT DETECTION

Output Overvoltage Trip OVP = GND, with respect to error- 8 11 15 o

Threshold comparator threshold °

Output Overvoltage Fault- tovp 50mV overdrive 10 s

Propagation Delay

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, ViN = 12V, both SMPS enabled, Vcc = 5V, FSEL = REF, SKIP = GND, V|Lim_ = V1LD0s, VINA = 15V, Vi DoA = 12V,
ILDO5 = ILDO3 = ILpoA = no load, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

F IR

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
_?rtigp_lyr:rLngﬁoelgloltage—Protectlon With respect to error-comparator threshold 65 70 75 %
S::E:;;?Oiegggige Fault- tuvp 50mV overdrive 10 us
glztr?;:agr%ioln(:‘revoltage-Protecnon {BLANK From rising edge of ON_ Efﬁ;:g/ S
PGOOD Lower Trip Threshold mt:sLi?g?ﬁ;é?;;ggioﬁ/farator A4 10 75 %
PGOOD Propagation Delay trcoop_ | Falling edge, 50mV overdrive 10 us
PGOOD Output Low Voltage ISINK = 4mA 0.4 \Y
PGOOD Leakage Current IrGooD_ | High state, PGOOD forced to 5.5V 1 PA
PGDLY Pullup Current PGDLY = GND 4 6 PA
PGDLY Pulldown Resistance 10 25 Q

. REF- REF+
PGDLY Trip Threshold 0.2 REF 0.2 \
Thermal-Shutdown Threshold TSHDN Hysteresis = 15°C +160 °C
GATE DRIVERS
DH_ Gate-Driver On-Resistance RpH BST_ - LX_ forced to 5V 1.5 5 Q

. . DL_, high state 1.7 5
DL_ Gate-Driver On-Resistance RpL Q
DL_, low state 0.6 3
DH_ Gate-Driver Source/Sink IoH DH_ forced to 2.5V, 5 A
Current BST_ - LX_ forced to 5V
DL_ Gate-Driver Source Current IDL DL_ forced to 2.5V 1.7 A
DL_ Gate-Driver Sink Current IDL (SINK) | DL_ forced to 2.5V 3.3 A
Dead Time tDEAD DL_rising % ns
DH_ rising 26
LX_, BST_ Leakage Current VBsT_ = VIx_ = 26V <2 20 pA
INPUTS AND OUTPUTS
) — ) High 2.4
Logic Input Voltage SKIP, hysteresis = 600mV \
Low 0.8
. - High 0.7 x
Fault Enable Logic Input Voltage OVP, UVP, ONA Vce Vv
Low 0.4
Logic Input Current OVP, UVP, SKIP, ONA -1 +1 PA
I . Rising trip level 1.10 1.6 2.20
SHDN Input Trip Level - - V
Falling trip level 0.96 1 1.04
Clear fault level/SMPS off level 0.8
ON_ Input Voltage Delay start level (REF) 1.9 2.1 Y
SMPS on level 2.4
N AXIMW 5
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, ViN = 12V, both SMPS enabled, Vcc = 5V, FSEL = REF, SKIP = GND, V|Lim_ = V1LD0s, VINA = 15V, Vi DoA = 12V,
ILDO5 = ILDO3 = ILpoA = no load, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

High Vcc-0.2

FSEL Three-Level Input Logic REF 1.7 2.3 vV
GND 0.4
OVP, UVP, SKTP, ONA, ON3, ON5 =GND | _ p
orVce

Input Leakage Current — uA
SHDN, 0V or 26V -1 +1
FSEL = GND or Vce -3 +3

CSL_ Discharge-Mode

On-Resistance RDISCHARGE 10 25 Q

CSL_ Synchronous-Rectifier 02 03 0.4 vV

Discharge-Mode Turn-On Level

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, ViN = 12V, both SMPS enabled, Vcc = 5V, FSEL = REF, SKIP = GND, ViLim_ = VLDOs, VINA = 15V, ViLpoa = 12V,
ILDo5 = ILD0O3 = ILDOA = no load, TA = -40°C to +85°C, unless otherwise noted.) (Note 4)

PARAMETER | SYMBOL ‘ CONDITIONS MIN MAX | UNITS

INPUT SUPPLIES (Note 1)

LDO5 in regulation 6 26
V|N Input Voltage Range VIN \
IN = LDO5, Vours < 4.4V 4.5 5.5
) LDO5 switched over to CSL5,
VIN Operating Supply Current [IN either SMPS on 35 pA
VIN = 6V to 26V, both SMPS off,
V|N Standby Supply Current IIN(STBY) includes SN 170 uA
VIN Shutdown Supply Current IIN(SHDN) | VIN = 6V to 26V 17 PA
Both SMPS on, FB3 = FB5 = SKIP = GND,
Quiescent Power Consumption Pq VesLs = 3.5V, Veses = 5.3V, Vina = 15V, 4.5 mwW
ILDOA = O, PIN + PcsL3 + PcsLs + PINA
. Both SMPS on, FB3 = FB5 = GND
V | | ' ' 2. A
cc Quiescent Supply Current cC Vests = 3.5V, VesLs = 5.3V 5 m
MAIN SMPS CONTROLLERS
3.3V Output Voltage in _ S _
Fixed Mode VouTs VIN = 6V to 26V, SKIP = Ve (Note 2) 3.28 3.38 V
5V Output Voltage in Fixed Mode VouTts | VIN =6V to 26V, SKIP = Vcc (Note 2) 4.975 5.125 \Y
Feedback Voltage in VIN = 6V to 26V, FB3 or FB5,
V V .982 1.01 \
Adjustable Mode FB3, VFBS duty factor = 20% to 80% (Note 2) 0.98 018
Output-Voltage Adjust Range Either SMPS 1.0 55 \
FB3, FB5 Adjustable-Mode
Threshold Voltage Dual-mode comparator 0.1 0.2 \

6 MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vin = 12V, both SMPS enabled, Vcc = 5V, FSEL = REF, SKIP = GND, ViLiMm_ = ViLDos, VINA = 15V, ViDoA = 12V,
ILDO5 = ILDO3 = ILDOA = no load, Ta =-40°C to +85°C, unless otherwise noted.) (Note 4)

F IR

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS
FSEL = GND 170 230
Operating Frequency (Note 1) fosc FSEL = REF 240 330 kHz
FSEL = Vce 375 575
FSEL = GND 91
Maximum Duty Factor (Note 1) Dmax FSEL = REF 91 %
FSEL = Voo 91
Minimum On-Time tON(MIN) 250 ns
CURRENT LIMIT
ILIM_ Adjustment Range 0.5 VREF \
Current-Limit Threshold (Fixed) VM- | VesH. - VesL., ILIM_ = Vce 67 83 mV
c . Threshold VLMo = 2.00V 170 230
urrent-Limit Thresho
V V -V =1. V
(Adjustable) LIMIT_ CSH-_- VcsL— ViLim_ = 1.00V 90 110 m
ViLim_ = 0.50V 40 60
INTERNAL FIXED LINEAR REGULATORS
ON3 =0ON5=GND, 6V < V|N < 26V,
L.DO5 Output Voltage VLDOs 0 < 1.p0s < 100mA 4.8 5.1 V
LDO5 Undervoltage-Lockout s 4o
Fault Threshold Rising edge, hysteresis = 1% 3.75 4.30 \
Standby mode, 6V < V|N < 28V,
LDO3 Output Voltage VLDO3 0 < ILoab < 100mA 3.20 3.43 \
AUXILIARY LINEAR REGULATOR (MAX1537A ONLY)
LDOA Voltage Range VLODA 23 \
INA Voltage Range VINA 24 V
LDOA Regulation Threshold, ADJA = GND, 0 < ILpoA < 120mA,
Internal Feedback ViNA > 13V 1140 1255 v
ADJA Regulation Threshold, 0 < ILpoAa < 120mA, VLDoA > 5.0V and
External Feedback VADIA | \na > Vipon + 1V 194 2.08 v
ADJA Dual-Mode Threshold ADJA 0.10 0.25 V
Secondary Feedback
Regulation Threshold VINA - VLDOA 0.63 0.97 v
INA Quiescent Current IINA VINA = 24V, ILpboA = no load 165 pA
REFERENCE (REF)
Reference Voltage VREF Vcc =4.5Vt05.5V, IREr=0 1.97 2.03 V
MAXI/V 7
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, Vin = 12V, both SMPS enabled, Vcc = 5V, FSEL = REF, SKIP = GND, ViLiMm_ = ViLDos, VINA = 15V, ViDoA = 12V,
ILDO5 = ILDO3 = ILDOA = no load, Ta =-40°C to +85°C, unless otherwise noted.) (Note 4)

PARAMETER | symsoL | CONDITIONS | MmN MAX | UNITS
FAULT DETECTION
Output Overvoltage Trip OVP = GND, with respect to error- +8 15 %
Threshold comparator threshold °
Ogtput Undervoltage-Protection With respect to error-comparator threshold +65 +75 %
Trip Threshold
PGOOD Lower Trip Threshold With respect to error-comparator threshold, 140 70 %
hysteresis = 1%
PGOOD Output Low Voltage ISINK = 4mA 0.4 \
PGDLY Pulldown Resistance 25 Q
. REF- REF+
PGDLY Trip Threshold 0.0 02 \
GATE DRIVERS
DH_ Gate-Driver On-Resistance RpH BST_ - LX_ forced to 5V 5 Q
) . DL_, high state 5
DL_ Gate-Driver On-Resistance RpL Q
DL_, low state 3
INPUTS AND OUTPUTS
. _— ) High 2.4
Logic Input Voltage SKIP, hysteresis = 600mV \
Low 0.8
o High 0.7x
Fault Enable Logic Input Voltage OVP, UVP, ONA Vce \
Low 0.4
_ ) Rising trip level 1.1 2.2
SHDN Input Trip Level - - \
Falling trip level 0.95 1.05
Clear fault level 0.8
SMPS off level 1.6
ON_ Input Voltage \
Delay start level (REF) 1.9 2.1
SMPS on level 2.4
High Vce-0.2
FSEL Three-Level Input Logic REF 1.7 2.3 \
GND 0.4

Note 1: The MAX1533A/MAX1537A cannot operate over all combinations of frequency, input voltage (V|n), and output voltage. For
large input-to-output differentials and high-switching frequency settings, the required on-time may be too short to maintain
the regulation specifications. Under these conditions, a lower operating frequency must be selected. The minimum on-time
must be greater than 150ns, regardless of the selected switching frequency. On-time and off-time specifications are mea-
sured from 50% point to 50% point at the DH_ pin with LX_ = GND, VBsT_ = 5V, and a 250pF capacitor connected from DH_
to LX_. Actual in-circuit times may differ due to MOSFET switching speeds.

Note 2: When the inductor is in continuous conduction, the output voltage has a DC regulation level lower than the error-comparator
threshold by 50% of the ripple. In discontinuous conduction (SKIP = GND, light load), the output voltage has a DC regula-
tion level higher than the trip level by approximately 1% due to slope compensation.

Note 3: Specifications are guaranteed by design, not production tested.

Note 4: Specifications to -40°C are guaranteed by design, not production tested.

8 MAXIMN
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(MAX1537A circuit of Figure 1, ViN = 12V, LDO5 = Ve = 5V, SKIP = GND, FSEL = REF, Ta = +25°C, unless otherwise noted.)

PWMS5 EFFICIENCY vs. LOAD CURRENT
(Vouts = 5.0V)
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~
©
>

OUTPUT VOLTAGE (V)

STANDBY SUPPLY CURRENT (mA)
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o
o
s3]
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~
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~
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3.39

3.36

3.33

3.30

327

3.24

321

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

5V OUTPUT VOLTAGE (OUT5)
vs. LOAD CURRENT

P = GND ==+ |
SKIP=Voo —— |3
0o 1 2 3 4 5 ¢
LOAD CURRENT (4)
3.3V OUTPUT VOLTAGE (OUT3)
vs. LOAD CURRENT
SKIP=GND =====+ |
SKIP=Vgg =— §
0o 1 2 3 4 5 ¢
LOAD CURRENT (4)
NO-LOAD SUPPLY CURRENT
vs. INPUT VOLTAGE (STANDBY MODE)
ON3 = ON5 = GND | £
Y
0 5 10 15 2 30

INPUT VOLTAGE (V)

QUTPUT VOLTAGE (V)
a~ &~ o o o o
8 8 8 2 8 =

~
oo
s3]

3.39

3.36

w
w
<@

w
)
i

OUTPUT VOLTAGE (V)
w
w

3.24

321
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<
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=
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o
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>
o
o
3
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=
o
o
5
T 2
w

0

5V OUTPUT VOLTAGE (0UT5)

vs. INPUT VOLTAGE

NO LOAD

MAX1533/37 toc03

//
/
SKIP =GND =====+
SKIP=Vgg —— ]|
10 15 20 25 30
INPUT VOLTAGE (V)

3.3V OUTPUT VOLTAGE (0UT3)

vs. INPUT VOLTAGE

NO LOAD E
]
s I
SKIP=GND =====" i
SKIP=Vgg =—
L L
0 15 20 25 30
INPUT VOLTAGE (V)

SHUTDOWN SUPPLY CURRENT

vs. INPUT VOLTAGE

SHON-GND |
g
I
I
5 10 15 2 25 3
INPUT VOLTAGE (V)
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MAX1533A/MAX1537A
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(MAX1537A circuit of Figure 1, ViN = 12V, LDO5 = Ve = 5V, SKIP = GND, FSEL = REF, Ta = +25°C, unless otherwise noted.)

35

3.0

25

2.0

PEAK CURRENT (A)

121

= 120

1.9

AUX LDO VOLTAGE (V

18

17

10

IDLE-MODE CURRENT
vs. INPUT VOLTAGE

]
» DUTY CYCLE

A

T LIMITED
/

MAX1533/37 toc10

o

5V OL{TPUT

0 5 10 15 20 25

INPUT VOLTAGE (V)

AUXILIARY LINEAR-REGULATOR
LOAD REGULATION

30

MAX1533/37 toc13

0 40 80

120 160
LDOA LOAD CURRENT (mA)

200

REF VOLTAGE (V)

2.02

2.01

2.00

1.99

1.98

-20 0 20 40 60 80

2.0V REFERENGE LOAD REGULATION

MAX1533 toc11

100
REF LOAD CURRENT (uA)

INTERLEAVED OPERATION

MAX1533/37 toc14

2.0us/div
A. LX5, 10V/div

B. 5V OUTPUT, 100mV/div

C. PWM5 INDUCTOR CURRENT, 5A/div
D. LX3, 10V/div

E. 3.3V OUTPUT, 100mV/div

F. PWM3 INDUCTOR CURRENT, 5A/div

LDO DEVIATION VOLTAGE (mV)

50

-50

-100

-150

-200

LINEAR-REGULATOR

LOAD REGULATION
LD03
— —
1005 | T~
Vin=6V
ON3 = ONS = GND
0 20 40 60 80 100 120 140
LDO LOAD CURRENT (mA)
LINEAR-REGULATOR
STARTUP WAVEFORMS
MAX1533/37 toc15
: R ]
| i st/ ]

400us/div
A. SHDN, 5V/div

B. LDO5, 2V/div

C. LD03, 2V/div

D. REF, 2V/div

100€2 LOAD ON LDO5 AND LDO3

MAXI N
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(MAX1537A circuit of Figure 1, ViN = 12V, LDO5 = Ve = 5V, SKIP = GND, FSEL = REF, Ta = +25°C, unless otherwise noted.)

DELAYED STARTUP WAVEFORM
(LIGHT LOAD)

MAX1533/37 toc16
—y

2ms/div
A. ON5, 5V/div
B. 5V OUTPUT, 2V/div
(. 3.3V OUPUT, 2V/div
D. PGOOD, 2V/div
100Q LOAD ON QUT5 AND OUT3, ON3 = REF

SHUTDOWN WAVEFORM (1<2 LOAD)

MAX1533/37 toc19
- —

100us/div

A. SFDN, 5V/div

B. LDO5, 2V/div

C. 5V OUTPUT, 2V/div

D. INDUGTOR GURRENT, 5A/div
E.DL5,5Vdv

ON3 = ON5 = Vg, OVP = GND

MAXIMV

STARTUP WAVEFORM (HEAVY LOAD)

MAX1533/37 {0017

[T}

4‘

400us/div
A. ON5, 5V/div

B. 5V OUTPUT, 2V/div

C. INDUCTOR CURRENT, 5A/div
D. LDO5, 1V/div

E. DL5, 5V/div

1.0Q LOAD

5V OUTPUT LOAD TRANSIENT
(FORCED-PWM)

MAXT 533/37 toc2!

0

mmmmmmw«

‘WWMMH‘%\ A

40us/div
A louts = 0.2A TO 4A, 5A/div

B. VguTs = 5.0V, 100mV/div

C. INDUCTOR CURRENT, 5A/div
D. LX5, 10V/div

SKIP =V

SHUTDOWN WAVEFORM (NO LOAD)

MAX1533/37 toc18
- —

2ms/div

A. SHDN, 5V/div D. 3.3V OUTPUT, 5V/div
B. 5V OUTPUT, 5V/div E. DL3, 5V/div
C. DL5, 5V/div F. PGOOD, 5V/div

ON3 = ON5 = Vg, OVP = GND

3.3V OUTPUT LOAD TRANSIENT
(FORCED-PWM)

IMAX1533/37 toc21

33V I‘W NMW‘WWWW WWNWMW%W%W B

0 IM\W \Mﬂwmww«w c

40us/div
A. lout3 = 0.2A TO 4A, 5A/div
B. Voura = 3.3V, 100mV/div
C. INDUCTOR CURRENT, 5A/div
D. LX3, 10V/div
SKIP = Ve

11
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MAX1533A/MAX1537A
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(MAX1537A circuit of Figure 1, ViN = 12V, LDO5 = Ve = 5V, SKIP = GND, FSEL = REF, Ta = +25°C, unless otherwise noted.)

3.3V OUTPUT LOAD TRANSIENT
(PULSE SKIPPING)

MAX1533/37 toc22

40us/div

A louTs = 0.2A TO 4A, 5A/div
B. Viours = 3.3V, 100mV/div
C. INDUGTOR CURRENT, 5A/div

D. LX3, 10V/div
SKIP = GND

20V
15V
10v
5V
5.05V
5.00V
4.95V

12

3.3V

A.PGOOD2, 5V/div
B. 3.3V OUTPUT, 3.3V/div

OUTPUT OVERLOAD
(UVP ENABLED)

LDO5 LOAD TRANSIENT

MAX1533/37 toc24

MAX1533/37 toc23
TR [ ———————

........... ) o ‘_ o
o | SR I
............ B 0 - b 4
100mA : ; ‘ : S
i | B
C O .....
D 5.0V

£ 4,95V

4us/div

D. INDUCTOR CURRENT, 10A/div
E. LX3, 20V/div

C. LOAD (0 TO 30A), 20A/div

LDO5 LINE TRANSIENT

MAX1533/37 toc25
T T

20us/div

A. INPUT VOLTAGE (Vin =7V TO 20V), 5V/div

B. LDO5 OUTPUT VOLTAGE, 50mV/div

ON3 = ON5 = GND, I pos = 20mA

120mA
10mA

14V
13V

11.96V
11.90V

20us/div
A. CONTROL SIGNAL, 5V/div

B. ILpos = TmA TO 100mA, 100mA/div
C. LDO5, 50m/div

ON3=0N5=GND

AUXILIARY LINEAR-REGULATOR

LOAD TRANSIENT
MAX1533/37 toc26
v S
| ],
- g 8
PP | e
e IR IR
100us/div
A. IL.poa =10mA TO 100mA, 100mA/div

B. INA, 1V/div

C. LDOA, 50mV/div

INA = VOLTAGE GENERATED BY SECONDARY
TRANSFORMER WINDING

MAXI N
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51 Bl

ELL

MAX1533A

MAX1537A

B

Ihge

ADJA

HBh R R . MALDOA B $51 4t 3% 132 — A FL FEL 43 g ) 0 i B 2 M A2 P e 1 i 1
ML R AT . ADJARAE G BOHLE 2V, i ADIAFIGND I dE#:7E — 2, Hoh il
P 48 PR 350 S 1 FEL IR [ S 7R 12V

ONS5

5V SMPSf# fEdi A . AN ONS I i T SMPS 1 I S FLF-, ISV SMPS B fifi e ;

A ONS 3 B AL T SMPS 1 e Wi B -, SV SMPSHEBEZS 1. 44 ONS 5 REF#iAH%E
5V SMPS#4F-3.3V SMPS £3AF3 2 5 fa sh(ERT JE 3)) . K ONS ity L H 9K B 28 5 Bt 17 ok
HP DL S S R 4 i % .

ON3

3.3V SMPS{EAESHT A . LIHEON3 s B 785 T SMPS B B, 3.3V SMPS#: (i fE ;
A ON3 3 FL A T SMPS 19 e Wi B F, 3.3V SMPSHE#EZE 1. 1K ON3 55 REF s AHIE ,
3.3V SMPS¥F-5V SMPS £iA %4 52 5 Ja Sh(EER JE 5h) . K ON3 it Fit FE 3K 50 55 ik 75 e
HP DL S S 7 A iE & .

ONA

LDOAffifE#ii A . ONANAKETLDOA A =i BHLAS B @I Ze 20 ¥ il 4 3 P . ONA N =it
LDOATFJE. BiZ5| % #H LDO3. LDO5. CSL3. CSLoat# Hek i, ENAT (i Ik
W BRI E g sh.

FSEL

BRSO . 1% = A A AT R B A AR Y F 5SS . 1% 5] H:GND. REF,
Ve BT R [ T 5685 % 43 3] 2 -
Ve = 500kHz, REF = 300kHz, GND = 200kHz

ILIM3

3.3V SMPSUWAE BRI PR JA T3 . ILIM3ZE R Voelt, FRFTTTBRZRINE R 75mV.
TR JE R, CSH3FICSL3 2 [A] Y BRI TBR H HoRs B 45 T ILIM3 o HEL R 719 1710,
TLIM3 5t B e 178 L D 500mV £22.0V. 3646 31 75mV B IAE 192 8T TIRZ I Ve - 1V.

ILIM5

5V SMPS I E PR T I IR 453 . ILIMSIERESI Vecht, BRETIREBAE ANT5mV. T
AT YA, CSHSAICSLS 2 (8] Y FR {7t ) PR FEL HE A 8 2 T TLIMIS S FEL R 197 1710, TLIMS Sty
H R A9 B R 500mY 22,0V, 43 75mV B IME B8 8T TBR 29 R Ve - 1V.

REF

20VEHE IR . FEREFHIBLYM 2 8] — i KT 84 0. pF i b B i A it A7
S5, 12275 LR IER] O AR AR (Al R 100p A RYERLIE . B FIREFSE 3l 7145 2 A
it R R RS B, RS B G 1 B K AR REF 1Y S 2 J B8R 22 117 52 . SHDN AR A %
2 LIRSS T

GND

B . B R 1 FIGND.

10

Vece

R A - T — A>20Q (19 HRIEC F P B AR G L IR R (+4.5V 2 45.5V) . Ve Ml
AR b 2 ) 3% 2 — AN IpF DL L 9 P e L A 1 7 55 08

11

PGDLY

PR 2% R ZSHER . YEPGDLY 3 4 — AN E I AL ¢ W] JE 3R PGOODZE i Y IR ] .

PGDLY A SpA R BRI 10Q L. 24 HLIEAR IR AR E N N hL st . 14
HLJR TAEIE R, TR, FESpA FRigiE . 24PGDLY HLE#d REFHET,
PGOOD#: i Bt .
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51 BT RE (42)

515

AW TheE
MAX1533A | MAX1537A

TR FRLURRE 26 1 - AN SLAT (ol i o R T AR AR AR B 10% (3 00 2 203 3l 0 )
10 12 PGOOD FEWRRZS T, PGOOD#i KA. PGOODRY T4 PGDLY AR 7 I £ HE5R .
T~ SMPS i H 3938 B3 % J7 PGOOD S Ay i L.«

SREB AR AP . 4 UVPHE S GNDIN I 86BN 1Y KT JRR AR FRELAY 70% . 11K H

MAX1533A/MAX1537A

R 13 UvP SERELEV ol A8 110 FER AP [ B X R A

12 14 DH3 3.3V SMPS 1Y & R 38 sl i . DH34R A ALX3 %] BST3.

. " - 3.3V SMPSF [ 26 5 50 HhL 7 i et . ¢ BT 6 6 e B SR ebL 2 — W% . 6 BST3
Sk 83 T/ EEL L 7 % DL 9 L 7

i’ " 3 3.3V SVIPS Ff FiL R 23 . X3 0 L A P26 0. X342 28 300 MR 30 28 DH3
{35 LA

” - — o B (R A P . 4 OVPHE B GND Ee R 3R A F ot 1 TR S bRk 11% . TS
SV CCHERER, A I AR T AE R i P B A 2

o 5 cshs 3.3V SMPSF HL R TG A T8 . 6 B B ML AR TC P A TE 3. FEIO%: tH T IR R I
LR 7 3

- . sl 3.3V SVPS F FEL LR TG A F0 . 3 L 0 A I TE P A 0. PEIO% T PR R I
ML AR 2. BbAh, CSL3IE AYELDO3RY H 245 A -

5 20 . 33V SMPS R (i A . HEHEEIGNDI MR 5 13,3V M. AT F, PR3 B

1E1V.

33V ERRERA g i . R A /N 2.2pF (1F20mA) R HL 28 35 B8 23t . AT 42 41k 100mA
19 21 LDO3 LR/ HHEBELDOS. Y4CSL3 FRYHEE R T3VES, &tfaEachi, LDO3E
I — AL 1Q. BUE HLHE 200mA (19 3% £ 8 CSL3.

20 22 DL3 3.3V SMPS B AAIAR 98 5 4 . DL3AY E R 42 0% 5 PGND | LDOS.
21 23 PGND TS M,
22 24 DL5 5V SMPS 15 32 IR 2K 3h46r H . DLSFY L R 4220 9 PGND #LDOS .

SV ERLERR R8s i . SR A /N2.2pF (LpE/20mA) Y L2855 8% S 3t . JyDL_AR A1 ik
UK Zhe% . DH_m UK shas G id BST ZARE). PWMFHI#E . PRI 4R 3L 0 I Gl i Ve
23 25 LDO5 S DLELDO3NF#E3.3VE MRS R An R (B IR . AT MR 2R3 fit i /N 00mA
(+25mA F T AR IR Bh 40 B BRI . 4 CSLS F L E R T4.5VI, ZetEfa Ese L,
LDOS# T — A4~ Sl FLFHL0.75Q & 52 FIL 200mA [ IF 5% % #2 51 CSLS.,

24 26 FB5 5V SMPSH R ik A . EHFIGNDILEEE BVt . nlEEA T, FBSRRER1V.
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FHEIREFIZS

51 RIS R (%)
51
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MAX1533A | MAX1537A
0 . Csis | SV SMPSHIRLLHGWIER A S JEEFIS R G IFA 0 BI04 H: T FIRR IR

HLE A g 2. BkAh, CSLSIE FYELDOSH EH 245 A -

SV SMPS ) B A I A IE S . SR E AR T AT IEA . BO%R H T R[] A9

26 28 CSH5 T e

57 29 N SRS VAR E RS LDOSI R A . FH0.22pFRLA 25 B BIPGND, % HL AW
EHEIC.

o8 30 LX5 5V SMPS i LB 20 . 5 LXS 7 B LI TF O M. XS 2 = AR 5K 3 #5% DHS
At L JR L

59 31 BST5 5V SMPSHJ H 2477 s A e . HR RO /G BRI AR AR AR S . 7EBSTS Ui
£ 1B — /1 FL BH AT 6 DHIS B9 _E i H i A7 9 1

30 32 DH5 5V SMPS i i AR B8 3h s . DHS #9206 8 KLXS #IBSTS .

31 33 SKIP PRk Sl . SRR Veelt, Ko AR PWMAR S . B3 GND I 3

TARFE R RCR Bk

W PERIAA - 24 Vppn I TSHDNA A R BRIl LN, Rt A SCIRTiE,

30 34 SHON HLE L PR IR 2 5nA. B 2 Venpn & T SHDNH A _F TSl & S ELUS , B4 & &
#riash. ¥ SHDNZE#ZE Vel B 3h/ash. i fLBH A e #5 K SHDN i 42 21| Vi SE 3 ]
TR EBHE -

— 35 INA B BLDOAZR PERS TR 2 10 FL U FEL R4 A . INAWE PN 30 B Fa IR g4 17 2126V .

AR (FRAR12V) 150mA R B2k R IR A, T INAU WLt LDOA 5GND 2 [l
— 36 LDOA — A/ IME N 2.2pF (1pFR20mA) 55 #HLZE . BIS82H ORI s B 7EINA - LDOA =
0.8V, Hfi% 5V SMPSFYDLS. ONAJy i REAS Hedv i MBI SE 2 R4 L% . LDOA
[k 250 PGOOD Y A7 411
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MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e

FREIEEF

1. bR AT R

COMPONENT

5A/300kHz

5A/500kHz

Input Voltage

VIN = 7V to 24V

VIN = 7V to 24V

CIN_, Input Capacitor

(2) 10uF, 25V
Taiyo Yuden TMK432BJ106KM

(2) 10uF, 25V
Taiyo Yuden TMK432BJ106KM

Couts, Output Capacitor

150uF, 6.3V, 40mQ, low-ESR capacitor

150pF, 6.3V, 40mQ, low-ESR capacitor

Sanyo 6TPB150ML Sanyo 6TPB150ML
. 220uF, 4V, 40mQ, low-ESR capacitor 220uF, 4V, 40mQ, low-ESR capacitor
Cours, Output Capacitor | o ' 4rpRosoML Sanyo 4TPB220ML

NH_ High-Side MOSFET

Fairchild Semiconductor FDS6612A

International Rectifier IRF7807V

Fairchild Semiconductor FDS6612A
International Rectifier IRF7807V

NL_ Low-Side MOSFET

Fairchild Semiconductor FDS6670S
International Rectifier IRF7807VD1

Fairchild Semiconductor FDS6670S
International Rectifier IRF7807VD1

DL_ Schottky Rectifier

2A, 30V, 0.45V¢

2A, 30V, 0.45V¢

(if needed) Nihon EC21QS03L Nihon EC21QS03L
Inductor/Transformer T1 = 6.8uH, 1:2 turns Sumida 4749-T132 3.9uH
L1 =5.8uH, 8.6A Sumida CDRH127-5R8NC Sumida CDRH124-3R9ONC
10mQ +1%, 0.5W resistor 10mQ +1%, 0.5W resistor
Rcs IRC LR2010-01-R0O10F or IRC LR2010-01-R0O10F or

Dale WSL-2010-RO10F

Dale WSL-2010-RO10F

R2. BN E

SUPPLIER WEBSITE SUPPLIER WEBSITE
AVX www.avx.com Panasonic www.panasonic.com/industrial
Central Semiconductor | www.centralsemi.com Sanyo www.semiconductor-sanyo.com
Coilcraft www.coilcraft.com Sumida www.sumida.com
Coiltronics www.coiltronics.com Taiyo Yuden www.t-yuden.com
Fairchild Semiconductor | www.fairchildsemi.com TDK www.component.tdk.com
International Rectifier www.irf.com TOKO www.tokoam.com
Kemet www.kemet.com Vishay (Dale, Siliconix) | www.vishay.com

A

MAX1533A/MAX1537 ARRE Y HL % (B D AT AR gt — 4
SR B O AS HU N S R R LR, AR BESV/SAFIZ.3V/SA
FH. ZHESIE AR IE TV E 24V, I 1 70k %

ABER T2 AR 1. K2R

MAXI1533A/MAX1537A P& PIAN A AR He FEL PR P 11 1) 22 4 X
R R AT e PR A . B D A B 45 A T AR IR B AR AE Dok
ANE AR BRSPS PFRLDO W] R AR SV I3V
FHE . MAXIS37TABHE —AHBILDO, wJfEATUE 1)

12V i H A R Sy T o

16

Bl E£ 475 E#5(LDO5SFILDO3)

PN P BB R 28 7= AE T 19 SV (LDOS)F13.3V (LDO3)
k&5t . LDOS ALDO3FIIK 24N FMOSFET 4 #f A% 3iX
Shee TR e YR, R0 o SMPS AR DL thil HhL i . 56 v b i A
VBB AR AR B B IR (Vo). LDOS 2 /0] 2k 0361 N %5
FARAR AL 100mA BRI, Horh 645 MOSFETH % 2K 51
(B A [ 1Y JF 56 45 2 F1 A FRMOSFET 3 #%, 3 % 7E SmA &
SOmATEHE A8 4L . LDO3 W AT DL ok #h 3 7 448 4t & /0
100mA 3R L . LDOSFILDO3 4 i i it — 4~ 2.2pF 5
HRABRMN B ARSER A M, NEASNT 3R L a4
N20mA, %A AR MR 1.0pE,

MAXIMN
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BT EIC A BRI = 58 % i
FHIFEFH

5VLD0

OUTPUT

—L CiN

L1
5.8uH

33VPWM

OuTPUT ﬂ_COUTW

220uF
@ 40mQ =
=L ]

Crer
0.22uF |

Al
R3
60.4kQ

60.4kQ

% POWER GROUND

—L anaLog GrounD

100k

SECONDARY
QUTPUT

ON [OFF ]

LD05

DH3
BST3

LX3

DL3

CSH3
CSL3
FB3

ovP

REF

ILIM3

ILIM5

SHDN

ON3
ON5S

AXI

MAX15334  DHS
MAX15374  BSTS

LX5
DL5

PGND
GND

CSH5
CSLS

FBS

P
SKIP

FSEL

VCC

PGOOD
PGDLY

LDO3

ADJA

~a INPUT (V)y)

CONNECT
TO LDOS

POWER-GOOD

3.3VLDO
OUTPUT

- MAX1537A ONLY
12VLDO
QuUTPUT

SEE TABLE 1 FOR COMPONENT SPECIFICATIONS

g(z)ww
& Dsst ] 05
| | N2 22uF
[ ] SECONDARY
Oast OUTPUT
TO.1MF
< ®
Ni T
1:2 TURNS
LP = 6.8uH
= Rese
10mQ
_ 5VPWM
COUTZL OUTPUT
—] 150uF
- 40mQ
[ L
[ L
—— REF (300kHz)

B 1. MAX1533A/MAXI1537A 5N JHHL B
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MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e

FREIEEF

SMPSZILDO & % ]#
WSV R & T LDOS A 2 W4 T TRR B, H N
0.75Q (AU pagiE MOSFET#E CSLS 45 #: % LDOS, [
B LDOS Lk fa b g8 . [ARE, 433VEMEHEEST
LDO3 B 2 U4 [ TR A, PIER1Q (MLAL{E) pig i MOSFET
BB CSL3%G £ FILDO3, [F I LM LDO3 Lkt fa JE % . X
FE 0 25 b 25 0 5 28 TAE, P9 S0 F 3% RN 456 i 2k i
SMPS i tH HL FE RISl , T A 2 FL Tt 28 H 2 A e R 4T
JEHEAIK S . BT — N RCR 0% I T R A R
BEE R, A RE SRR A 2R ERERS, Hik,
H 2 TAE ] B T MR Fafer A S 3L RE T 5 S A9 T R
MLDO_fir Ul 5e B, Hi HE L PR 35 K 2] 200mA .

SMPS 5VIEERE(LDOSHIV )
Bk R o) = g AR R (R A AS G A 2% ) LAk, P e FL R
(SMPS)F#F 43 iR 75 B — NSV AY I B LR . X5V & HL I
I MAX1533A/MAX1537TAN FRAYSV L& 54 28 (LDOS) ™

A XAEZELDOMHEMAXIS33A/MAXIS3TAR RIS fH 3 .

AU BIE 2 45 i AP 55 i 5 SV 2 AR T A% (LDOS) i 4 Hh
s AHE, I, SV LDOH Y B fE 29 PWM 2 il % & fit
Vee, FHOUMMRIESh IR HEELIR, BT 19 iR K HLI O -

IBIAS = IcC + fsw (QG(LOwW) + QG(HIGH))
= EmMAZ 50mA (HLEI{H)

A, Iec A ImA (JAIE), fow BIFRBZE, Qgrow)M
Qo micH)yE MOSFET £ 4 Bt Ha 1 Vs = SV IS Y SR
ZENETI

E/#EHB £ (REF)
TE R AN FE VS R AN T 3R AR (L R P, 2V 3 vfE P RS B
Aik+1%, HULREFA] FE R MKE % R . REFM
M —A4N0.22pF ok Bk 25 & [ B A 52 1 BIGND .
Y B S ] 1) A0 67 4R 8 100 A B W 10p A FLIR . A
F= SMPS i H FL . 75 L8 11 A (20.5%), SN BEAESE1fE
R Bm#k. B TEENREREEiRE, fEENES
FHLDO5. LDO3. OUTSFIOUT3 fi t B FE R 5 T B
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F £ GE/X BT (SHDN)

¥4 SHDNFZIL £ SHDNHi A B fi & FRLF- DL R B MAX1533A/
MAXI1537A#E AMEINFERBORES, XML BT BER R
KRS . Wi R MAX1533A/MAXIS37TAUHAE SpA T S
HLUIL . AT O W7 B e R B G P, R U 3R H SR R
SHTTRRR ERAK. BIEESBsh, WK SHDN L%
KF2.2V (SHDN#i A L TR fil & HLSF) . 257 B H 356 B
MJE5h, ¥ SHDNERZS| VNt =k ER 1V SHDN
e Y 1 R T St 00 5 A 465 S ) i AL EL R S I 2 1
ARG, 1LOVH T IR ST, A 250y (4t
SR 1) ]

SMPS i#2Hix BF

SMPS_FEE . UVLOFIE B3

Voo EFHRIZ01V LB E Zh_E S A(PORE AR, AL RE.
3ot s DA R B Bl B A 2% . POR FEL BRI (31 24 OVP A%
(OVP = Vo) i ¥k R sh s bk, 524 OVP{ERE(OVP =
GND)B ¥ AR N SR Bhrhr e, B 2 SMPS % il #% FF 46 T4
Hk.

214 5V i B HLJR(LDOS) L AR T4 A R 452 (UVLO)T TRR
AV, Vet N\UVLOHLEREE [P e fE. —HS5VIRE
L (LDOS) | 3% A UVLOT TR B DL b B #5254k T
REIRAS, SMPSHE i #% FF 4 FF L B0, it HL IR FF IR 7E
A Bl B I P R e

FELI S B 1AL, PR RS Bl FL I 4 T 48 P L
PRAELSF, DU PR ATR AT . MAX1533A/MAX1537A
R shid fE o WA BE. FE5E — B B, Bl
B H PR A % i KRR R20% . T 54 72 128 sk
b E (1 foso) A IR B RUE , Boa shitt A8 Z i Bt
B PR A TS HN20% . TNk R, T EIAES 120 4
BI(Ufosc) a3 B 5 K PR it 18 55 4 1 BB AR AR I AR 1H
PLSEiR B E N HE(S W T AEFEAER I JE shili e .
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BT EIC A BRI = 58 % i
FHEIREFIZS

LD03 IN
3.3V LINEAR 5V LINEAR
. REGULATOR > REGULATOR o LDO5
SHDN J_ T
0—| l—(
FSEL 0sC LDO BYPASS LDO BYPASS
=1 CIRCUITRY CIRCUITRY
| 0—|_ —I—il
SKIP
vy _ ILIM5
ILIM3 o > < CSH5
CSH3 _ - < csL5
0SL3 > BST5
BST3 > WIS N
)/ s CONTROLLER D9
FIGURE 3 /l/
o3 CONTROLLER ( ) LX5
X3 \ (FIGURE 3) LDOS
LD05 \I\ DL5
DL3 )/ . %1
PGND \l\ -
> < WY
FB DECODE [~®
A A FB5
o B (FIGURE 5)
FB3 DECODE
(FIGURE 5) | INTERNAL
FB El }‘% ON5
P
REF
R
v
2.0V —
REF
- £ ] GND
= S -
=) =5
_ Y = R
0vP . & -
uvp »|  POWER-GOOD AND <
PGDLY "|  FAULT PROTECTION MAX1537A | INA
> (FIGURE 7) AUXILIARY [ LDOA
PGOOD LINEAR
REGULATOR | ADJA
(FIGURES) | ONA
MAXIM -
L MAX1533A/MAX1537A
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MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e

FREIEEF

F3. TIEE
INPUTS* OUTPUTS
MODE —
SHDN ON5 ON3 LDO5 LDO3 5V SMPS 3V SMPS
Shutdown Mode LOW X X OFF OFF OFF OFF
Standby Mode HIGH LOW LOW ON ON OFF OFF
Normal Operation HIGH HIGH HIGH ON ON ON ON
3.3V SMPS Active HIGH LOW HIGH ON ON OFF ON
5V SMPS Active HIGH HIGH LOW ON ON ON OFF
Normal Operation Povver(-)Lz\:) after
(Delayed 5V SMPS HIGH REF HIGH ON ON 3.3V SMPS is in ON
Startup) )
regulation
Normal Operation Povver(-)uN after
(Delayed 3.3V HIGH HIGH REF ON ON ON b art
5V SMPS is in
SMPS Startup) )
regulation

*SHDN A — TEFOIHTIC [ Z A . T BT TRE IV, ETHET TR E 1.6V, ON3HIONS % =#CMOSEZ#HHiA . ZHATH
K NFO.8YV, B E T K F24V, HEZEBRTAF1LIVHI2.IV.Z [H(Z FElectrical Characteristics ).

SMPS{EEEFE#HI(ON3. ONS)

ON3FIONS AT i T 4% il SMPS ) - HEGUF . ON3 3k ONSH,
JE ETHE12.4V DL I GEEEXT B F i . ON3EONSHLE T
B2 1.6V LTI 5P % B X R A i . JK3HON_F]0.8V L
AR I R MR BT A

SMPS_E B I f7
Hr ON3 5 ONS 3% 3 | REF 0] 38 %f 5 ) i HH 7E 5 — 3% %
AR FRUE (AT LIRS, IR B — B ik Bl f
EIEEE. B ASMPS — BRI ER S E 28— 14
SMPSHE T . g UFwE el & A B R 5 LDOS#E AR &
BRE . 2458 — AN R B e PR, A F U ST B R A B F

B L B FE (B K )
44 %t 3 P 2 RE 4 (o BE (O VP LA ) HLIT G IR 1 #4128
IR ZSCre e 2 R B T ), ol — B Hh e 2k
DR BRI, ]t 42 e o 7O A 3 e 9 R 12QTF K it
PP, B R RN E 0.3V HOBNE 0o ) P A
TR AR T — LS AR ST R . S R T B Tl i
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FELJEFIMIG 120 MOSFET R i E Bst T 77 A O B B Y B . 24
SMPS ity it 7 FLEN 0.3V, AR UK B2 (DL_) K 45 52k il
L, K45 H A SMPSHi AL FIGND . HL He ZEEA R 5
ETAERDS, DUGE S AOR 60 00 TBR H A A~ .
A~ SMPS# il #5 #B AT 45 B 0 37 (19 50 ¢ 7 R B

i Y TR R AL LRI (OVP = Voe), HAR AKX 3l a8 (DL_)
EL UK S (DH) BRI, MR HILX A @, H
T-SMPS ¥ il #% A 1 sh 4 i i, Rk, e F R R
TP (N PR i AR TR L R DR

BIESiZE. B PWMERSI#

B — A L B 2 PW M T % 19 4% DR 2 — A 250 A TP 3R
FLER, XU AE 5 AT SR AR B H R T S Y
R IR 22 (5 5 AR R AME RN F 5 (B3). MAX1533A/
MAX1537A R I E R s, H0E T FAR A% 8 5
MRS, B E TERNIRZER RS KL RN,
MAXI1533A/MAX1537A R FIAAXTEAR A AR 3 45, [RIT ]
o AR BAS (9 0 HE FRLAS . (IR BRE 3G 25 77 A 77 -0.1% 1 M 7Y
MEPERE, B THEAMEEWE TS, FHTR
G By H FL Y R ST R AR
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BT EIC A BRI = 58 % i
FHEIREFIZS

CSH

CSL

0SC

LX

0.8V

SECONDARY
FEEDBACK

FROM FB
(SEE FIGURE 5)
REF/2
— GND
) 0.2 xVumir
-
R
IDLE- ] a DH DRIVER
MODE 1S
CURRENT

SOFT-START

COUNTER [  DAC CURRENT

LIMIT

A

A l;—o<l—0
12X Vumr — + 1 -
H R :>—> DL DRIVER

ONE-SHOT

3. PWM#E il e 2 REHE 1K
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MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e

FREIEEFEE
$E1£#5(FSEL)

A FESEL 51 M AT i PWM A Y TR S Hi R . RAGH T
FSELE #77 X5 IF R BRAY R PR AR R BRI TAE
2R (S00kHZ) A B 1 /= i RsE, B2 R I K ftre it
TS BOSCR [ B, OIS £ O v I B/ o /N R
Fr. TR FAEBAR 5513 (200kHz) TAER R &, (HE
AR IO RS A0 R g A i AR O AU Af

EHPWME

IR SR I PWMAR 2028 | Tad T ey, XA iR
Sfe s M 120 T 56 Y Sl BsF 1) 3K R A ES 100 0T 5% A A AR
WS TP MR & 5 m MR 3R sh i T B A, XA, HLEGR
MR T ¥, DH_RERE ZE A Vour/Vin. 5REIPWM
B I P AR TT A R A A Fa g . SR, SR HIPWM AR
MR AR R . 2N SV IE T S 4R 7E 1SmA &
SOmA, EANEBMOSFET FIFF 6 451 2 1 .

ook 1l PWMASE 3 19 B K AL SR TE B T & AR s AT 7
RSN . BT IRAEIPWMAL AL | T TR R, B
AR A R 1)

BH TIEEFI(SKIP)

MAXI1533A/MAXT537AR — A0 4 T A 88 3 il A
(SKIP), AT P9 > il i F) 3 2 et 0 A 6 RE S48 1 2
il A T B R, 2 PR A T AR T B R
FEL L A 2 I 2 ot 2 A DL_ SR AR o 00 T 3kt O Pl JRRRT
i AR, R R AT o B — 2 ik
DAt o SO AL . 20 PR AR AE RIS, R e 4 o
TERBAEO T — B TPWMBLK G HIPWM).

*4. FSELE B %

FSEL SWITCHING FREQUENCY
Ve 500kHz
REF 300kHz
GND 200kHz

22

ZEHECB A TR
24 i PR I b S 45 TR, A I PR T 1 R AR O
CIPRI, Pl e 28 1k ol i e] . R AT, il
s (] (AU e T 2 PR AR R T TR, R 2 S i A 1)
PR (A TLIM_ B8 ) A9 20% 33 A 558 o 422 ol 8 72 1 JiT 39
U — /NI AR sl S i U, 7 i R R
ERBIIRTACAE 35— M. T FH
B B LIPS UA Y SR O HL T, 95 o A R RE Bk — L8k
e aXRE, FERRENE LT, o5 A R O 2 e L SO
HE.

B SRk ik i
TEBRBK R, 42 2 A N 7R 8 R i B 3 e I PEM
B (L) . X452 — A LA R ), 3% LU B e
ARG T 1 F U P O o S I 2 AR T G R Sl B ).
FO AR AE AR I MOSFET W it (PGND 21 LX )46 1 Fit, J8% FEL 3«
#EVPGND - VLX_E@%{EE%&’HVﬁzﬁL\{MFj KE; Hﬁﬁ%%gﬁ
DL AR (B 3) . XA A AL i) 3 bk o PEMAE =X 55 4 8k
Jok i PWM A 2 8] ) 3 47 o, i 5 4 o 6 P R L U
TEEKXM SR AORIEN “mRes” SO)M—5.
PFM/PWM ] 46t 5 1) ﬁﬁ%?ﬁILOAD(SKIP)ﬂHHTﬁQ/E}'CH :

Voutr (Mn_- Vour)
2 x N x fgw x L

lLoADSKIP) =

MAREAE DU T BB Bk ol TAE BT, IR OGP W]
AE2 B MR A, XRIEHAY, XA DI A
PR . i R LR T 7R PEMIME 7R M R 4 AR 2%
RZAPAGH . — BT, BBE/NT, BeR50
R R BPIE; ARBORI, 9 T3k AR AR
Brm (e SR R A AL), i i A IR St B/ . SR
o PR vy L JRR AL B AR R 8 O T RS R T T e
M 7 (R 53 2 7 i A FEL P AR )«
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BT EIC A BRI = 58 % i

F IR

~ Vin-Vour

o loLeL
T ton(skip) = IDLE

INDUCTOR CURRENT ————————— &

----- i CE ey SRl KNI

ON-TIME TIVE

TOERROR
AMPLIFIER ™

ADJUSTABLE
QUTPUT

FB

REF
(2.0V)

FIXED QUTPUT
FB=GND
CSL

FE14. B /BT 4L U i

WHBE

Electrical Characteristics3< 1Y B iy B g B 5% 22 LR A
BIBEA . Y BGES T, MAXI533A/MAX1537A
VR Ry O U (E, R, SCPROY B R
B R R AME T Y ik & PG S R 9 S50% . FE
PWMIEA GEL M) T, H Rl T E

A V Vi
Voutewmy = Yom [1 - SLOCE NOM)_( RIF;PLE)
IN

X, VNom WARFRE L, Aspope N 1%, VRipPLESE
i th L0 LU (VrippLe = ESR x Alipuctor. I 2% fiir i
AR FERR T«

7 i 22 5l BT (Tout < ILoap(skip)) » MAX1533A/
MAX1537TA X 200 1A EETT IR, Fik, fWHBEE
B B E A = TR 2 LR TR . 78 PEMAR = (K7 48
ST, HAH R N SO

MAXIMN

FS. SR Y

1/ f
VouT(PFM) = VNOM +—(f§%) pLe x ESR

2

A, Vom AbrFRb U, fosc b P BRIk & & 1O Bk
TFRIE, fow N IFREGIFIIE, MM Ty g I B ik e
F9 225 R A P R LI

AT 18/ [E] FE % tH FB JE (W R R 15%)
H#EEFB3AIFBS | GND 1] 176 45 [& & SMPS i H FL (43 51 A
3.3VAHISV), 3/ i i L B PN i 32 T CSL_ AT
M2 8] B HLBEL 43 R B8 T . AR FB_iE B 8 4 F CSL_F
GND Z [H] LB 4 FE#% b, WAV 225.5V 2 [a] 8 45 %
N B i 4 E R (1S). R2 (FBAIGND [a] i B BH) i) {8 126
10kQZE 4T, R1 (OUTHIFBIE] ) HRBE) 13 A anF

(Vour_ )

R1 = R2 -1
k VB _

XH Veg = 1V (bRFR{E)-
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MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e

FREIEEF

2P0 g L PR R X R S E B BOE I, ROKE3.3V SMPSHY %
HE R SV SMPSAE — 26, HUE 4 CSLS ERH T
LDOS ) H 21 TR (4.56 V)it , 4 R 1 4 #BIF XK LDOS
#FSVHH(CSLS). A, tHAYCSL3 LRk T
LDO3RYH 24 TRRQOIV)IN, A Rl AR XK LDO3 3%
HeF3.3VH H (CSL3) . 2R 18] 5 i i L PRI B 2% A
NAER. —BLDO_HCSL_H 2 TN, AERZIERE k&
KOG, TR AT E i LIS oo I R AR 19 S 2 #E I
L E

BRIERFF(ILIM_)

B 30 FEL 386 1) P 25 4 R 3 A I A A (CSH_FICSL_) S Xof Fia Jik
P (T AT PR . A SRS A5 S AR T BRI TRR
PWM 2 il g5 44 56 87 755 31 MOSFEET (13). 24 P #F4R T 2 0
T—A TRk, BRAERTE SR 2REIIRUT,
A, PWMAE RS A S FF LB 0 TAE . SChrivi R
2R F U N /N T O A PR A T TR, T 25 (O PR JR 40 FHL UL
M —2. B, fKOERAE SRR TR . HERE
SRAFIPWMAE T, MAX1533A/MAX1537A 347 7 HL
TR, RUBE R Vour A L HLUE R I LR R K. R
] BR 3E 1 TBR 29 24 1E BRI TRRAEL Y 120%,  H 24 YR #E ILIM_
BF, S FRTIR & & IE M PR TRR (A b T AE AL
ILIM_ 2 2 Vel i1 TR (E 0 BRI E (75mV) . ] DL ik
FEILIM _ A2 — A HLBH 43 HE 28 Sk X BR 3 1T BIR #F 47 VR 3 .
h T ARAR RS RS BRI PURR A T RE T, A AR FL Y
H2pAR20pA. PRI TR S E D 50mV £ 200mV. #]
JERE N, PR PR RS 0 4% T ILIML 3% Fi FR A9 1/10.
A E 75SmV BB R BT TR A Ve - 1V.

FERE H BRPCB U THHE FE E 4740 o ] {7 11E FEL B (79 e 7 R L 3t
1R 2 RECT 0 2 CSH_FICSL_ 3 (4 25 43 B I A6 A5 5 .
TC A 00 B BEL 7 R A i 3T #38 F R T L B i 2%
556 FEL L ) 32 422 2R P Kelvin 8O 1% 35 05 =

24

MOSFET#f#R 3K zh#§(DH_. DL_)

DH_FIDL_IK sh#s g A6 FH T3k 8h b % R~F i mi i o
MOSFET## K R AR S R MOSFET . X 5210 AW
FHR M 5 2 HAH — 3, XN AEABR K VN - Vour
25 . e IR BE B (DH_) RE % U5 H AR A 2A R HLIR , T
A T2 IR 3K 5 2 (DL_) AT U6t 1. 7A RO A3 3AHLIfT . X kE
FER LN A A TR LR S AR Bk 3 . 2 3h A DH_ &
MOSFETH 4% Fi BST_ ity #4221 4% B - FEL 2% L oy 2 L H
(1 6), T ] A % 7 R 3% DL_ ) 1 82 i [ 58 i 5V 2t fa
JE##(LDOS) AR AL EE .

9 38 3 5E X s ] H 8% s A DL_FIDH_IK 5h 8%, FFFH 1k 34
FETHE 55— NFET 58 4 K Wi 2 /i Sl . 35X Fh H 36 M SE X st
(] 5K ) #% BE 1% 38 B AR 58 S5 F (MOSFET, THBR T 2B LI,
B Rk £ i/, MM T BRIl &M
IS} (] EL 3% RE % 1E % T/E, M DL_FIDH_ K 3h &% i ) 2
MOSFETH A 2 [8] 57 % PR FELRE . 6 FEL I % 5 75 I ) i
MAX1533A/MAX1537 A 4 i Fi, % 25 7 MOSFET Hi % 52
B AT A7 0 M AR FEL AT 1 00 AR el R X
A1 B R SR BB S L 58 1 E 2k 4 MOSFET 5 3R 8l 4% 2
() P 0 A 1 BT, T 2 5 B . 50 22 100mil) .

FA KK DL_HL AR (9 P9 356 hr df AR I shaE R 58, H S
T FE B A SR N 0.6Q. X AT B T BT AS(LX ) M
T )4 2 Vi, B 1k DL_ i FE 32 MOSFET ) 3 % £
MR 2R M AE A Mg B m . X T HA m A R RO 3h 2
BB . BAERCRI M T, AT RE TS ZEHG Ao 1 A U8
HLZY, DA TR LX WY A 24 2 i MOSFET 9
WA, 3E A B . BT MOSFETHE- U F 25 (Crss) -
MR L2 (Crss - Crss) LB HL B M a7 AE R T 5 R I LX
FIDL_ 2 [6] /) 25 16 H8 A I A8 28 7 =X T 8 8 19 B /)N
5 4 :

Crss
VGs(TH) > VIN( )
(TH) Ciss

TR LU R TR s 22 (B A 22, 7R BT A Il 5
IRASTTRE A 8. 55 —Fhal k7 2, 7EBST_L&
B — AR 10QAT FEBH , 8 30 = 2 MOSFET /Y-S i 5
[ SF A DL ANl L, 9 HLAS B AR O BT s ] (1291 6)
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INAXIM |5

Cayp

Dast }

(ResT)”

Cest ——

MAX1533A
MAX1537A
BST
N DH
X
LDO5
DL
GND

o | E
I
(CNL)*_L

) B

N

INPUT (Vi)
| NH
I

L

(Rgst)* OPTIONAL—THE RESISTOR LOWERS EMI BY DECREASING
THE SWITCHING-NODE RISE TIME.
(Cn)* OPTIONAL—THE CAPACITOR REDUCES LX TO DL CAPACITIVE

COUPLING THAT CAN CAUSE SHOOT-THROUGH CURRENTS.

6. AT EAT A8 K 5

F IR

BIREZH 1 (PGOOD)
PGOOD & — A #R W T I e, XA~ FL g i 2L e A
I~ SMPS i H i (19 /R 25 . PGOOD £ 2 1K (SHDN &,
ON3 = ONS = GNDHJ).  # i3 2h 1R 56 W i i A IR B A
— HEFPIR S R, HE WA i 8 AR R AR
SEHL (B FB_X 5B )HI90%, PGOODMHAS b 7. HEE
HA AR AT — A SMPS 4 H t AR FRFE B S T FE10% . s &
A A R R . BT — S SMPS #5 hil # 1 e b, B4
PGOOD¥AE MK HLF-. A T3R8 4 B PGOOD1E 5,
AIEPGOOD MV Z (Al FhE — A EhrBfH . 100k QY _Efi
FELBEL T 3 B Kk 22 B0

PGOOD 5 R {47 ik &5 OVP. UVPTL % .

A IE R

BT ERIA(OVP)

LA fa] — 4~ SMPSHir it L R it AR AR AR B LR 111%, AL
OVPIR- I BE WL [# ik (OVP = GND), #ifil 45 %5 B (v i &
WifFae . BLMKPGOOD, KW P4~ SMPS#& g, FH 3z BIHL
fKDH_. s&ilHrmDL_. WA FHMOSFET A 100% &5
25 LS, AR i R 2R L R TR AR B b

POWER-GOOD

—_—

0.9x

INT REF_
O

0.7x

INT REF_
o

FAULT
PROTECTION

111X

INT REF_
o

]

T <4 INTERNALFB

\§

*|:|'

~q ENABLE OVP

¢ ENABLE UVP

< BLANK
" (POWER-UP)

\ A

FAULT

—>

LATCH FAULT
_ POWER-
= GOOD

iy Q

7. B2 L e (R 3

MAXIMN
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MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e

FREIEEF

SR, AL = DLl 5 2 7= AR R iy St s s, PR
TE R A OVP LRI 4t LCrR AP A RE R . R 3R otk
ALK — B LT, AR R - R R
A e BEAT S AL . T R IR RR R R & (il
MOSFETHE %), I A it () PR [ 22 K5 W7 . K5 Ve R TV EL
N EEE I & ON3. ONSE SHDNH AL & — I Al 1 R
BT Ay, I ELH S S SMPS Tl 4% .

Y OVPHIVecE e Ae — iy, i thid SRR I S RE R4S 1L

*®5. TEEAEER

i ZERIF(UVP)
B — A SMPSEEHI 2 8 0F — M UVPR I LB, 7650
A AE (ON_T i) 61444 il B (1/fosc) fa IF 46 B i
. SR — SMPSHir th H Bk 2 AR PR AR HLE 9 70%
PIF, HUVPIHAEWL S (UVP = GND)I, UVPHLERH &
PR RE RS, HAKPGOOD,  [R] It AT R 2 56 by 4
Tl 38 (Z 0L i L (B SE BT)BRAY) . 24 - — % SMPS Hir H P
F03VEF, HESERAS S, K % A EIGND.
B VeckE £ 1V e i id fil % ON3. ONSE{SHDN 1y
BB — AP PR R #%, JF B R 3 SMPS & il #% .

UVPHIVei& A — & SR D RERAE Ik

MODE CONDITION COMMENTS
Transitions to discharge mode after VN POR and after REF
Power-Up LDO5 < UVLO threshold. becomes valid. LDO5, LDOS, REF remain active. DL_ is active
if OVP is low.
Run SHDN = high, ON3 or ON5 enabled. Normal operation.

Output Overvoltage
Protection (OVP)

Either output > 111% of nominal level,
OVP = low.

Exited by POR or cycling SHDN, ON3, or ON5.

Output Undervoltage

Protection (UVP) is enabled 6144 clock cycles (1/fosc)

Either output < 70% of nominal level, UVP

after the output is enabled and UVP = low.

Exited by POR or cycling SHDN, ON3, or ON5. If OVP is not
high, DL3 and DL5 go high after discharge.

OVP is low and either SMPS output is still

Discharge switch (10Q) connects CSL_to PGND. This is a
temporary state entered when LDOS5 is undervoltage or on the
way to output UVLO, standby, shutdown, or thermal-shutdown

Discharge mgg;ﬂ either standby mode or shutdown states. One SMPS can be in discharge mode while the other is
' in run mode. If both outputs are discharged to 0.3V (on CSL_),
discharge mode transitions to the appropriate state.
ONS5 and ONS < startup threshold, s .
Standby SHDN = high. DL_ stays high if OVP is low. LDO3, LDO5 active.
Shutdown SHDN = low. All circuitry off.
Thermal Shutdown Ty > +160°C. Exited by POR or cycling SHDN, ON3, or ON5.

If OVP is not high, DL3 and DL5 go high before LDO5 turns off.

Excessive current on LDO3 or LDO5

Switchover Fault ) )
switchover transistors.

Exited by POR or cycling SHDN, ON3, or ON5.
If OVP is not high, DL3 and DL5 go high before LDOS turns off.
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AR ER I
MAX1533A/MAXI537A A AR AR e i . H85E T 2
+160°C L B, IR BE 1% B B 0T W Bl A7 A . I
PGOOD, F A H =X 5 By 79 4~ SMIPS 4 il #5 (= W 4 1
T (B ERAr) . 240 — % SMPS i H FL IR F& 20,3V,
HF A e S, Ko )5 0 B0 BIGND. 7245

IR MRS CRUE, ¥ VeckE £ 1VRLITE il ON3. ONS.

SHDNH {4 — T i firr v, B8 J0 shi il a% -

HEILDO A1 BH(MAX1537A)

MAXI1537TAM & — 0] 4 Tk H2 Ak = 25 1 50mA HL I (19 5 By
SetEf R . HAH(LDOA) AT #E12V, A JAYEPCMCIA
FEL ORI 45 X 3 A b R R AR A . R R K
FLDOARI#ESV 223V 2 MR B E . i Bhfa 4% v] DA%d
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MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e

FREIEEF

s RARBHEIR. AWM METELE. GHEMEAER
(ILoADMAX) P E T T4 (¥ S Bt 1 3 AN ok, AT
S M AT P T R BE L R JB ) R s R A L B )
Wit BB (Loap)RE TR J1, HIZ9%E
AHLZS . MOSFETHIEL B & RT3 £ .

o FRRIFE. BHITRBURM B LR G 75 I8 L R M
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A AN T 5, B MOSFET i3 HoR B R 33U& e i
R 2 Y AR AR A B
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BT EIC A BRI = 58 % i

AR R g B (N) AT | N 208 58
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VouTts + VRECT +VSENSE
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B . A% g I S8 20 1 3R e it 3 B % B2 3 3 o R T
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KE, AEEA TR A, HAE 5 b 5 (i
MURS120) . #iii# E RS E S Viy - Vours 2 FI7AE
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X, NN RS TR (EIZA/ F564), VepetRlZRA
RKHEEHEE. WRAEIZARE R Voyrs A2,
L Ve ygack H LI 2 Vours. AR I ) 7 28 FL R
BEIE LY R S R R . AR A L AR D N N R
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MAXIMN
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MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e
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TER 57— Mk, XTI TR m BRI AR TS 1K)
M, BT RUTE B 2% 9 O 2 % — A B BERC HE % (I 9b)
RBNIIFE, SR 3
L
R Ceq * Req
AR RS Y BRI LB . R X APy, B
TG 000 FEL B 45 F R R Y B FE P (Rgensg = Rp). FEAE A
XA U, EE R R B B0 B R U T 0 v 4 S 1

M IME, MeAh, 5 BBIERNE A AT E N,
RUEATREIS A — 20 FE, HILEB T —ERRE.

Wi B EEEE

by L R LA ) S R R B P BEL(ESR) ZEE B A, LU B2
H SO AR A EOR, [R]I HESRIEARRERM, 20
ARREENTR. Wl AN AEN B, DEER
MRZ LSC FEL JR B 96 IR 25 A 1) 25 %MK”‘ET#WE’JEE i}
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5 Rsense

INPUT (Vin)

NYY\_.
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MAX1533A DL_
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111

N
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a) OUTPUT SERIES RESISTOR SENSING

<H
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MAX1537A
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- : |+
Cour
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BT EIC A BRI = 58 % i
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X, (B WA AR TERARF L. Wik, EEEL
PRHUAARE, KIEZHESRABAUERE, MAEAEREK
ANGZJF TR FISHFLZY . OS-CONFLZY . B4 ez i i
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AP E . B R, HEIHLA R KB DL
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e A P A R El R SN
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1
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MAXIMN

F IR
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RESsr =0.04 x L xfosc
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AREE TAEA R AE S AEAR R B R BB A/ ik v
B R, XA BTSSR AR . 2 B LU BUARRUE
EESRA A B, 258 B TESRAEME, LR T
HHEERE S EA L E R ER . XFIRHE “HR”
RE AR T R, sipkad — A TAE AT Bk R
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R TAEAREE . PREEORARE M, 7 A A A A L YR 1
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2 A A 1Y B T BT A R R B R T A K
[e] A A 2 00 5 A ) PR T S8 O B0 4, R 7 HE B I i AT
R o TR ISE FH — > A8 30 PR AL 4 Sk L6 L JRC P A0 2 Y
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AL R -
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MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e

FREIEEF

MAX1533A/MAX1537A R FH40/60 5 Ac s g 40, BV 4
ANHERBISIVIL AL L E A Al & .

FHECH LAY 180 S AR 45 # (FL AR T 10V o5 25 UL T 46 52
F), XA EAEREBBE. B10H R ESV/SAH
3.3V/SAR BT, i A FLZSRMS FLE 5 i A FL 1 ¢ & i
2. WERRTLAE L, 40/608 1056 AR J7 2 L SO0/50 55 AR A
[l A AR 2

MTREZHH, WYEEREA TR T, #HE0S-
CON), [H e xh T b e Y 76 7/ F 3l B A S 1E A
XA i A S R A LT ¢ sl AR Y RGEAR WA A
N T A5 B E R AR E A A R, R Y R AERMS i
A EL T B AR TN T 10°CHY FL AR A3 -

INFEMOSFETHIIZEFE

PAF MOSFET B i I 32 B4 % 5% H & IR (>20V) &8 it &
Fic s 2t o TP L IS PO B A R PR O B P T A 2

INPUT CAPACITOR RMS CURRENT
vs. INPUT VOLTAGE

50
45
40 7‘\\\
IN PHASE
35 |
~ 30 |-50/50 INTERLEAVING
= v
2 25 |—F
BEPTH A SN ,/
15 \
[ T 400 0PTIMAL
10 / INTERLEAVING
\ i
05 v 5\//5A AND 3.3V/5A
0 L L L

6 8 10 12 14 16 18 20
Vin (V)

INPUT RMS CURRENT FOR INTERLEAVED OPERATION

Iaws = J (lous - )2 (Dxs - Dot + (lours - )2 (Dxs - Dol +
(louts +lours - N2 Dot + N2 (1 - Dixs - Dixs + Dot)

Y, V,
Diys= % Dixs= % DoL = DUTY-CYCLE OVERLAP FRACTION

INPUT RMS CURRENT FOR SINGLE-PHASE OPERATION

= (feur )|

VN

1 10. fir ARMSHL i
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5 JIMOSFET (Npp) I BEFE BV inovimny HTV invas I A BEL A
FIFFHRE. SEM T, Vinom PSR K 29% T
Vinovax)f U3 AE , P& Z R A . 2R Vv B
ke mE R L, B4 RNy R MR, iR
Vinevax) I B0 #E B 2w i, WY 2425 /Ny . AR
VINBTER HARRTE, B4, EmEL TSI Lt
A = I MOSFET Ny ] DL SEBH B e 1 R50%

PRI MOSFET (Np )i 3% FE AR 28 558 FL BH (Rps ony) /&
AR/, BHEER SFEH(SO-8. DPAKE{D2PAK). #Miri&4
H =5 N ARIEMAX1533A/MAX 1537 A B M % 9% 3 4%
DL_fRefg 2L B a5 iy, DA AL By, sl
MOSFET Sl if i il . A Tw-M S AR AP R
R R s v Rl s S ] 1 T e e € 3 1 Y AR 7T
Gt , ARIAIMOSFET 2 — MR HIETFSE, KU K ke

N TA] L

IIEMOSFETHITHFE

2 R BIRBRAE I, f ek, X+ & MOSFET
(Np)RUE, eI F L A BELA £5 R S A 7 i A Pl I /N

v,
PD (N HLBH) = [ \%T J('LOAD)z Rps(oON)

— SRV, R /N I MOSFET R /) i35 i A B s )
FFRBAE. R, BT E R RS,
RpsonyMER K, X PR T /NUMOSFET R A . 24
& FRpsgon T FESF T LM FEmh s Bl & M. L@ AKT
2415V I = I IMOSFET 1 I e i #E I A . 3% .

VS IMOSFET (N Y JF L i RE SRR I XER, R B 4
P KB — Se AR R AL (19 . 20 530 G T s E] 9 R
X R AL S B R . AR R . TR R, R
1 BLBATPCBAG R Ar 45 . N A e P L B A 13U
JE— N AEE RS AT, REEB RS TR, &
TP AE Ny b2 — A S R AT 50 E -

°
VIN(MAX)) Crss fsw lLoaD

PD (Ny JF%) = ( -

MAXIMN




BT EIC A BRI = 58 % i

XH, CresENpHI AR RS LA, T IgaTe A MR 5K 3l U8
HAR A FL L R Ve (S RU(E 1A) .

A2 i A P D B R AR, T IR R RE A S
FII(C x VN2 x fsw), =8 MOSFET g FF 3¢ 1 #6 1l E £
SR LB . A0SR R Y =l MOSFET AR T HURAY HL
o H I B 2% I Rpsony, 24 E LET Vinonax) i

SRS, TR 2% R 4% — A3 Ak FL A B IR MOSFET .

X FARIIMOSFET (Np)SR Ut , 24 Fi it FL e dg KR, ZhAE
YN

Vout
MN(MAX)

PD (N_ E@I&ﬂ)=l1 - ( ﬂ(lLOAD)ZRDS(ON)

MOSFET /6 ) 45 X 55 50 1 50, 4 B2 7 3 R AR A0 00
B SRR E BT oapuaxys 1R R LR it H O 9 o
R B . T RISFR A AR R Y, W
Vit LR AR

AlNDUCTOR
lLoap = lumiT - (%}

X B, Ty PR FEL % BT S VR R R, R BT
IR 7% 22 TG I L L g 22 . MOSFET . B AT JE % (1 U AE
PAAL B SR ) DI FE .

ek — AN IE [0 HoK R WA A M 02 AR (D),  DAB) LK
WIMOSFET f A Z 5 & AEFE XIS 6] Py el . 4% RG], ok
B HUE BRI SE T MR 30 SARE . SRR
SURARE AN, % RERT A L.

B#HEH

H A A (Cpsp) A E M S B, DAL S MOSFET
AR FE L SR . — B0 T, ESK S 2 RS MOSFET
AT RN G, M0 I pFR M BRI A . SR1,
WK Bk R E I MOSFET Wy K FL Y 3 &, U i
FRTOIpFH A2 . XWXy, T EBmEE
IS RV (RAIETE A 1o ;W MOSFET #i A 7€ LB B 2% FL 2 e T FEL 5
& 14 H Fe AN BE 5 200m V :

MAXIMN

F IR

QGATE
200mV

Cgsrt =
X, QaaTEAE I MOSFET #0418 %k} i #L 5E 1 S A
HLARF . B, % 3% fn g MOSFET FDS6612A1E Al
MOSFET. # I i3 55 42 ft i B4 vk, —ANFDS6612A
) B KM B 9 13nC (Vs = SV). RIRLL EAR, Fres
B H AN

13nC
200mV

CasT = = 0.065uF

B — B BRI A5 O1T LR — 40,1 pFROP 2
HL %

S

&=L BRI

RINGNEBE

AN TERE(EZ)Z &K E 2 (W Electrical

CharacteristicsZ2) IR #l . SR, FHEFICHIE, UKL

PR AE BT TR R 2 TAERE, BESHERESsiR, Wik,

WAZFIE IR RS it FR A (L 8 7 A6 R0 1) i, s 38 ¥ A

EFAR) . TAET ARG T R EZR, R R

SBT3 1E] /Y R B B (ATpown) % T FF J3 I 8] P #9 b o
(Alyp). XFEREARE— /D I/ERE, B PG H:

1
VNN = VouTt + VeHg + h (D - 1)(VOUT + Vpis)

MAX

X HL, VeueMVprs 73 il 52 76 B A L [E] AP Y &5 A2 LS
e, SHERhER/AMANLS, T4 /N AR SR $&h =
LT3R .

RXBNEBIE
MAXI1533A/MAXI53TASEH A — A e /NF @I Al F8 45
BUGE T RFFIT I MR AW FM T, A2 i &
K A TAFH S (W, Electrical Characteristics%). i AHLIE
T AER, Joie SKIP Y Y15 B AT, FoL 2 R R E A Bk

33

V/ZEGLXVYIW/VEEG LXYIN



MAX1533A/MAX1537A

T2 1D 7 B iR i 3 5 B 4 e

FREIEEF

Bk TAERE . TERA R 4G, a0 28 e R A 5%
T RORTTRR L, IS4 il 28 S ik & 397 1 S s [1] ik
W, OERCT Rk — A R RO AR T R K
AHER, SRR e, (B, ol il hil 4R
K ARG R IT 005 TAE . 75 4% I 26 Bk ok b 48 7E 10 S
AT TRR LB (ViNGskip) A -

1 \

(
v =V TR
IN(SKIP) OUTL fosc tonMIN J

2 foso I FSEL 3 1 5 [ FF S 4 5%

PCB7 G/

AR 9 PCB AT R 2 B AHE TP G HFE A T AR 9 TARIR
SRR, JFRIRPNA R R AIERE L. A
fE, R BTA )R ICAF U LB AR A THUZ K 4
ML R — . A TRBRFHPCBA 7, M EELL
UK
o KL A % B 1% AT R
FE. Tt IR .
o WHRELM PR ELTM, XXHERAFRUELE
. RAEEWAPCB (024 e 1oz) Al K B8R 1
1%8 8 % . IEWIFPCBAT LY. L2 K N AL IEAT, X
- TAEERE AL S5, RO TmQ A A £k HiL L #E
] RE BRI W T R

o B K CSH_FICSL_#2 1 FL it e I i B (Rsense ) P 3
o FEL UG T 158 2 o 2 A

JOH R . X RS

34

o WIRWMITEELKE WA RZY, W7t g
] B 4 B, T AR A O [ B R RE AR . BN, R AF
ke A L 2 B I MOSFET Y B BS, 171 7 25 484 i e e
FMR MOSFET 8§ F Jg& 15 i H B FL 2% 2 () 1) B 5

o EHIFLTTA(BST_. LX_. DH_FIDL_ )MV izt & & iy
R HEL % 5543 (REF. FB_. CSH_. CSL_).

TR

D) B BRI, Hf MmN, B, Cin.

Cour_MIDy_FAtR) BIRAE— . WA TTRE, K BrA XL
BELTAAETRZ R FH O (78 o DX %

2) AR ICHE L LI MOSFET U B, f 4 78 IE XN, AN
Ny BB &M, PARIELX_. GND. DH_. DL_
MR 3K 5 2% 45 T 95 . DL_FIDH_ AR 3R 5 4% th 5 1% R AT
BE 46 1T Ve (AN MOSFET 5 45 i #% 1C (1) 5 25 4 1 98~ B
PN AN 50 100mil), DL A Eb AR A 0K s #% BB
FEAREFE DX B[] [ 32 A ) B % 1 T A

3) ¥ 5 A AR 9K B AR 5% B T 1R (BS T A 8 A1 L 25 8%
LDOS 55 i L) AE — ik, FFREIT 2 hilgR1C.

4) DC-DC#z il i () et 7 A UM 11 7 . 1Z B el 4
ERAMA B it -Fim . T E &R
FR RN T B O A BT R A B DU . B
¥ TR ) 2R M 1R 3% (A TC Aol o B B A I

S) it R U I 0 o 3o AL A e DR A Y IE
Tt . B DC-DCHE 4% HL i 20T nl 7E 5 30T 11 3K
HE.
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BT 107 A9 3 5.8 4 i
FREIEEFE

CONNECT GND AND PGND TO THE

CONTROLLER AT ONE POINT
ONLY AS SHOWN
. RN R RE R} L: P 00
CONNECTTHE [ OO k 00 VIATO POWER
EXPOSED PADTO —F=1 : GROUND
ANALOGGND [ o]
e nnnnngllm)
[u}
VIATO REF in o
BYPASS CAPACITOR VIATO Ve
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PACKAGE OUTLINE,
16,20,28,32,40L THIN QFN, Sx5x0.80mmn

—DRAWING NOT TO SCALE- " 10140 | L |%
CONMON DIMENSIINS EXPOSED PAD VARIATIONS
PKG. 160 5x5 | 20l 5x5 | 2eL =N 40L_5x5 =
[SYMBOL mmmmmmmmmmmmm MAX, MAX. | MIN. | NOW, [MAX.
A |azo|o7s]o: -mm-mmm-m 080 320 [ 300 | 310
A [ o Jooe[oos] mn- 20| 300 | 310
) uao REF. 020 REF. 320 300 | 310
b |oes[a30]o0.3s] 020 0.2s[0.30 320 | 300 | 310
D [+50]500[510 4,90 500 [ 510 320 3.00 | 310
€ [490[so0[s10 4.90] 500[ 510
= oo Bse 335] 345 | 3es
P 235|345 | a2s
= 535 815 | 325
N % 0 28 = © 280 | 260 | 270
ND ) S 7 8 1 280 260 | 270
NE 2] s 8 10 335 | ai5 | 3es
EDEC | VHHB WHHC VHHD-L WHHD-2 — 280 | 260 | 270
335 | 315 | 325
335 315 [ 565

[310 [ 320 500 | 310 | 320
320 | 300 | 340
320 300 | 310
[310 [ 320 [ 300 [ 340
[ 320 [ 3.00 | 310 [3eo]
360 340 | 30
[5:60 [ 8.40 | 350 [ 360 |
360 | 3.40 | 350

NOTES:
1. DIMENSIONING & TOLERANCING CONFORM TO ASNE Y145M-1994.
2  ALL DIMENSIONS ARE IN MILLINETERS. ANGLES ARE IN DEGREES.
3 N IS THE TOTAL NUNBER OF TERMINALS.
THE TERMINAL #1 IDENTIFIER AND TERMINAL NUMBERING CONVENTION SHALL
CONFORN 7O JESD 95-1 SPP-012. DETAILS OF TERNINAL #L IDENTIFIER ARE
OPTIONAL, BUT MUST BE LOCATED WITHIN THE ZONE INDICATED, THE TERMINAL #1
IDENTIFIER MAY BE EITHER A MOLD OR MARKED FEATURE.
A DIMENSION b APPLIES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN TA4OSSNN-L
025 nm AND 0.30 mn FRON TERMINAL TIP,
ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E SIDE RESPECTIVELY.
7. DEPOPULATION IS POSSIBLE IN A SYMMETRICAL FASHION.
COPLANARITY APPLIES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERMINALS.
9. DRAWING CONFORMS TO JEDEC MO220, EXCEPT EXPOSED PAD DIMENSION FOR
Te855-3, TeBS5-6, T4055-1 AND T4055-2.
AD VARPAGE SHALL NOT EXCEED 040 mn.
11. MARKING IS FOR PACKAGE ORIENTATION REFERENCE ONLY. @ /VI/JXI/VI
NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY. %Mg
LEAD CENTERLINES 70 BE AT TRUE POSITION AS DEFINED BY BASIC DIMENSION ‘e’, 005,
14, ALL DIMENSIONS APPLY TO BOTH LEADED AND PLFREE PARTS.

[TPE

PACKAGE OUTLINE,

16,20,28,32,40L THIN QFN, S5x5x0.80mm
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PACKAGE OUTLINE,
36, 40, 48L THIN QFN, 6x6x0.8mm
/AL REV.

T CONTROL NO.
21-0141 I

Vé

JESD 95-1 SPP-012.
OR MARKED FEATURE.
0.30mm FROM TERMINAL TIP.

7. DEPOPULATION IS POSSIBLE IN A SYMMETRICAL FASHION.
COPLANARITY APPLIES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE
9. DRAWING CONFORMS TO JEDEC MO220, EXCEPT FOR 0.4mm LEAD PITCH
PACKAGE T4866-1.
10. WARPAGE SHALL NOT EXCEED 0.10mm.
MARKING IS FOR PACKAGE ORIENTATION REFERENCE ONLY.
12, NUMBER OF LEADS SHOWN FOR REFERENCE ONLY.
13, ALL DIMENSIONS APPLY TO BOTH LEADED (=) AND PbFREE (+) PKG. CODES.

—DRAWING NOT TO SCALE—

COMMON DIMENSIONS EXPOSED PAD VARWATIONS
PKG. 36L_6xS 40L_66 866 PKG. b2 2
SYMBOL 3 Nou. | wAx. | WIN. T Now. [ wax. CODES MIN. | NOM. | MaX. | MIN. | NOM. | max. |
A 075 | 080 [o7 |07 [ 080 T3666-2 | 3.60 | 3.70 | 3.80 | 3.60 | 3.70 | 3.80
A 002 | 005 | o - | oos T3666-3 | 3.60 | 3.70 | 3.80 | 3.60 | 3.70 | 3.80
A2 0.20 REF. 0.20 REF. T3666N—1 | 3.60 | 3.70 | 3.80 | 3.60 | 3.70 | 3.80
b 025 | 030 [015 | 020 [ 025 | T3666MN—1 3.60 | 3.70 | 3.80 | 3.60 | 3.70 | 3.80
] 600 | 610 | 590 | 600 | 610 T4066-2 | 4.00 | 4.10 | 4.20 | 4.00 | 4.10 | 4.20
E 6.00 | 610 | 590 | 600 | 6.10 T4066-3 | 4.00| 4.10 [ 4.20 | 4.00 | 4.10 | 4.20
L] 050 BSC. 40 BSC. T4066-5 | 4.00 [ 4.10|4.20 | 4.00|4.10|4.20
« - - Joas ] - T - T4B66-1 | 4.40| 4.50 | 4.60 | 4.40 [ 4.50 | 4.60 |
L [0 Toso Taso [ oso [ 0s0 T4866N—1 | 4.40 | 4.50 | 4.60 | 4.40 | 4.50 | 4.60 |
N 4 48 T4886-2 [ 4.40 [ 4.50 | 4.60 | 4.40 | 4.50 | 4.60 |
ND 10 12
NE 10 12
JEDEC WWD-2 -
NOTES:!
1, DIMENSIONING & TOLERANCING CONFORM TO ASME Y14.5M-1994.
2, ALL DIMENSIONS ARE IN MILLIMETERS. ANGLES ARE IN DEGREES.
3. N IS THE TOTAL NUMBER OF TERMINALS.
THE TERMINAL #1 IDENTIFIER AND TERMINAL NUMBERING CONVENTION SHALL CONFORM TO

DETAILS OF TERMINAL #1 IDENTIFIER ARE OPTIONAL, BUT MUST BE
LOCATED WITHIN THE ZONE INDICATED. THE TERMINAL #1 IDENTIFIER MAY BE EITHER A MOLD

& DIMENSION b APPLIES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN 0.25mm AND

6. ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E SIDE RESPECTIVELY.

TERMINALS.
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