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ABSOLUTE MAXIMUM RATINGS

IN, PWRGD t0 GND ......oooviiiiiiiiicceeeeeee -0.3Vto +6V

VDDtoGND..........oco -0.3V to the lower of +4V or (VIN + 0.3V)
COMP, FB, MODE, REFIN, CTL1, CTL2, SS,

FREQtOGND .....oooooviiiiiiiiiiecec -0.3V to (Vpp + 0.3V)

...................................................... -0.3Vto +6V

..... -0.3V to +6V

-0.3Vto +12V

PGND t0 GND ..o -0.3Vto +0.3V

[XtoPGND .................. -0.3V to the lower of +6V or (V|N + 0.3V)

[Xto PGND.......... -1V to the lower of +6V or (V|N + 1V) for 50ns

ILXRMS) (NOte 1) .o 6A

Vpp Output Short-Circuit Duration ..............ccccooeies Continuous
Converter Output Short-Circuit Duration.................... Continuous
Continuous Power Dissipation (Ta = +70°C)

24-Pin TQFN (derate 27.8mW/°C above +70°C) ........ 2222mW
Thermal Resistance (Note 2)

Operating Temperature Range ............cccooeveene.
Junction Temperature ...
Storage Temperature Range ...,

Lead Temperature (soldering, 10s)
Soldering Temperature (reflow) ............cccooviiiiiiiiiiie

Note 1: LX has internal clamp diodes to PGND and IN. Applications that forward bias these diodes should take care not to exceed

the IC’s package power dissipation limits.

Note 2: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to japan.maxim-ic.com/thermal-tutorial.

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

(VIN = VEN = 5V, CvpD = 2.2uF, Ta = Ty = -40°C to +85°C, typical values are at Ta = +25°C, circuit of Figure 1, unless otherwise

noted.) (Note 3)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
IN
IN Voltage Range 29 55 \
VIN = 3.3V 4.9 8
IN Supply Current fs = 1MHz, no load mA
VIN = 5V 5.2 8.5
VIN =5V, VEN = OV 10 20
Total Shutdown Current from IN pA
VIN = VDD = 3.3V, VEN = OV 45
3.3V LDO (Vpp)
VDD rising 2.6 2.8 y
Vpp fallin 2.35 2.55
Voo Undervoltage Lockout LX starts/stops switching g
Threshold Minimum glitch-width
L 10 ys
rejection
Vpp Output Voltage VIN =5V, lypp = 0to 10mA 3.1 3.3 3.5 V
Vpp Dropout VIN = 2.9V, lvpp = 10mA 0.08 V
Vpp Current Limit VIN =5V, Vpp = 0V 25 40 mA
BST
BST Supply Current VBsT = VIN =5V, Vix =0or5V, VEN = OV 0.025 pA
PWM COMPARATOR
PWM Comparator Propagation 10mV overdrive 20 ns
Delay
PWM Peak-to-Peak Ramp
. 1 V
Amplitude
PWM Valley Amplitude 0.8 \

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = VEN = 5V, CypD = 2.2uF, Ta = Ty = -40°C to +85°C, typical values are at Ta = +25°C, circuit of Figure 1, unless otherwise

noted.) (Note 3)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
ERROR AMPLIFIER
COMP Clamp Voltage, High VIN = 2.9V to 5V, VFB = 0.5V, VREFIN = 0.6V 2 \
COMP Clamp Voltage, Low VIN =29V to5V, VFg = 0.7V, VREFIN = 0.6V 0.7 Vv
COMP Slew Rate VEB step from 0.5V to 0.7V in 10ns 1.6 V/us
COMP Shutdown Resistance From COMP to GND, Vi = 3.3V, Vcowmp = 100mV, 6 Q
VEN = Vss = 0V
Internally Preset Output Voltage VREFIN = Vss, MODE = GND 1 +1 %
Accuracy
FB Set-Point Value CTL1 = CTL2 = GND, MODE = GND 0.594 0.6 0.606 Vv
FB to OUT Resistor All VID settings except CTL1 = CTL2 = GND 55 8 10.5 kQ
Open-Loop Voltage Gain 115 dB
Error-Amplifier Unity-Gain
Bandwidth 28 MHz
Error-Amplifier and REFIN VoD = 2.V 10 3.5V 0 VoD - 2 v
Common-Mode Input Range
Error-Amplifier Maximum Output | Vcowmp = 1V, VFB = 0.7V, sinking 1 A
Current VREFIN = 0.6V VEg = 0.5V, sourcing -1
FB Input Bias Current CTL1 =CTL2 = GND -125 nA
CTL_
V =0V -7.2
CTL_ Input Bias Current ClL pA
Vet = Vbbb 7.2
Low, falling 0.8
Open Vpp/2
CTL_ Input Threshold P VDD v
. - DD -
High, rising 08
Hysteresis All' VID transitions 50 mV
REFIN
REFIN Input Bias Current VREFIN = 0.6V -185 nA
REFIN Offset Voltage VREFIN = 0.9V, FB shorted to COMP -4.5 +4.5 mV
LX (All Pins Combined)
VIN = VBST - Vix = 3.3V 35
LX On-Resistance, High Side ILx = -2A N BST- TLX mQ
VIN = VBST - VLx = 5V 26 45
. . VIN = 3.3V 25
LX On-Resistance, Low Side ILx = 2A mQ
VIN = 5V 20 35
High-side sourcing 9 1
LX Current-Limit Threshold Low-side sinking 11 A
Zero-crossing current threshold, MODE = Vpp 0.2
LX Leakage Current ViN = 5V, VEN = OV Yix =0V 001 A
eakage Curren =5V, =
9 N =N Vix =5V -0.01 H
AXIW 3
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = VEN = 5V, CypD = 2.2uF, Ta = Ty = -40°C to +85°C, typical values are at Ta = +25°C, circuit of Figure 1, unless otherwise

noted.) (Note 3)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
.. RFREQ = 49.9kQ 0.9 1 1.1
LX Switching Frequency VIN = 2.9V to 5.5V MHz
RFREQ = 23.6kQ 1.8 2 2.2
Switching Frequency Range 500 2000 kHz
LX Minimum Off-Time 78 ns
X Maximum Duty Cycle RFREQ = 49.9kQ 92 95 %
X Minimum Duty Cycle RFREQ = 49.9kQ 5 15 %
é‘;‘:rr;?te Short-Cireult IN SUPPIY | 61 connected to GND, Vin = 5V 0.35 A
RMS LX Output Current 6 A
ENABLE
EN Input Logic-Low Threshold EN falling 0.9 \
EN Input Logic-High Threshold EN rising 1.5 V
EN Input Current VEN =0or 5V, VN =5V 0.01 pA
MODE
Logic-low, falling 26
MODE Input-Logic Threshold Logic Vpp/2 or open, rising 50 %VDD
Logic-high, rising 74
MODE Input-Logic Hysteresis MODE falling 5 %VDD
) MODE = GND -5
MODE Input Bias Current HA
MODE = Vpp 5
SS
SS Current Vss = 0.45V, VReFIN = 0.6V, sourcing 6.7 8 9.3 PA
THERMAL SHUTDOWN
Thermal-Shutdown Threshold Rising 165 °C
Thermal-Shutdown Hysteresis 25 °C
POWER GOOD (PWRGD)
Power-Good Threshold Voltage Vee fél!ing, VREFIN = 0.6V 8 %0 %2 %
VFB rising, VREFIN = 0.6V 925 VREFIN
Power-Good Edge Deglitch VEB rising or falling 48 (C):szeks
PWRGD Output-Voltage Low IPWRGD = 4mA 0.03 0.1 \
PWRGD Leakage Current VIN = VPWRGD = 5V, VFB = 0.7V, VREFIN = 0.6V 0.01 uA
HICCUP OVERCURRENT LIMIT
Current-Limit Startup Blanking 112 CCleceks
Autoretry Restart Time 896 Clock
Cycles

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = VEN = 5V, CypD = 2.2uF, Ta = Ty = -40°C to +85°C, typical values are at Ta = +25°C, circuit of Figure 1, unless otherwise
noted.) (Note 3)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
)
FB Hiccup Threshold VEB falling 70 %
VREFIN
Hiccup Threshold Blanking Time | Vg falling 28 us

Note 3: Specifications are 100% production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed by design.

REEERE

(Typical values are VIN = VEN = 5V, VouT = 1.8V, RFREQ = 49.9kQ, louT = 6A, Ta = +25°C, circuit of Figure 1, unless otherwise noted.)

EFFICIENCY EFFICIENCY FREQUENCY
vs. OUTPUT CURRENT vs. OUTPUT CURRENT vs. INPUT VOLTAGE
100 . 100 . 2.20 g
90 - = % w0 [ s ———— E 2.15 2
------ Lt NN TTE 52 NN g e
o= et AT ™N 4=],
______ /./;; NN /}‘{ \ \\\ 210
= 80 2l = 80 Ay Vour = 25V 2
< o 7 X Vour =25V g // ' N S 205
o [2) > "
g 70 A,/ VM:W_‘gV £ 7 Vour =18V 2 om0 ‘,// ‘ .
NV 2 Il sl 7
5o / ' B Vour=1.2V e b Ta=+85°C
/ Voyr =12V 1.90 Tp=+25°C
50 50 e
— PWM — P 1.85 Ta=-40"C
=== SKIP ViN=3.3V --- SKIP ‘ ‘ BFREO:%3.2KQ
40 L1l 40 L L L Ll Ll 180
0.1 10 10.0 0.1 10 10.0 25 30 35 40 45 50 55
OUTPUT CURRENT (A) OUTPUT CURRENT (A) INPUT VOLTAGE (V)
FREQUENCY
vs. INPUT VOLTAGE LOAD REGULATION LINE REGULATION (LOAD = 6A)
120 = 0 |\ = 0 " 5
- 2 005 \F g \\\ g
ISR ] q § gw N £
110 o ~— o \ Vour=18v |*
= 2 015 — Py = N
— 1.05 [ S 020 ™ 5 \'/
e = & | Py &
£ 10 = 2 025 [—yyriiav = 006 S
S <} <)
& 095 Ta=+85°C 7 ,>_' 030 V, =18V ,>L f
g = ouT=1. 5 -0.08 /
Ta=+25°C T 035 Vour =25V =
0.90 5 5 Vour = 1.2V
Ta=-40°C S -0.40 S
A 0.10 N
085 ‘ -0.45
RrRreq = 49.9kQ ’
0.80 ‘ ‘ 050 012
25 30 35 40 45 50 55 0 1 2 3 4 5 § 71 25 30 35 40 45 50 55
INPUT VOLTAGE (V) LOAD CURRENT (A) INPUT VOLTAGE (V)

MAXIN 5
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(Typical values are VIN = VEN = 5V, VouT = 1.8V, RFREQ = 49.9kQ, louT = 6A, Ta = +25°C, circuit of Figure 1, unless otherwise noted.)

LOAD TRANSIENT

MAX15039 toc06
e

1v

100mV/div

4 2A

4 lour

0A

40us/div

SOFT-START WAVEFORM
(RLoap = 0.5Q)

MAX15039 toc09
T ——

ouT v,
AC-COUPLED YOUT

SWITCHING WAVEFORMS
(FORGED PWM, 2A LOAD)

MAX15039 toc07

....................

400ns/div

VEN

5V/div

Vout
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4 0V

MAX15039 toc11
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E
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Z 10 —
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S 7
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g 8 7
2 /
w
E 7 V.
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6
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5 |
25 30 35 40 45 50 5.
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5

N 2A/div ILx
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0A

Vix

i
I
I
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—

VEN
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....................... Wiy
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10us/div
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i
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o
o
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o
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=
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2
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(Typical values are VIN = VEN = 5V, VouT = 1.8V, RFREQ = 49.9kQ, louT = 6A, Ta = +25°C, circuit of Figure 1, unless otherwise noted.)

RMS INPUT CURRENT DURING EXPOSED PAD TEMPERATURE
HICCUP CURRENT LIMIT SHORT CIRCUIT vs. INPUT VOLTAGE vs. AMBIENT TEMPERATURE
I I BT 08 . 100 ‘ .
i"": oo [ ‘ E 6A LOAD , E
Vout ..... ..... 1V/div 0.7 E = 90 // g
e e e = 06 =g /
o o = b N S
: Co o = N = y/
S50 TORTOUOE U SO eSO 4 Z 05 = /
: T J0 c Y N w60
L )- ; L ﬂ 3 N < /
lout A Ean et Aaar naa as MYV 1 = 04 ~—] =50 v
SRR N S — 2 . /
T t e, O =03 = /
STEY RN ST "N " IYPR- S g 0 /
Iy [ : ﬂ s 1A ' ) /
: et - 0.1 |
R o VouT = OV 0 p MEASURED ON A MAXTS039EVKIT
AT 0 | 0
400us/div 25 3.0 35 40 45 50 55 0 20 40 60 80 100
INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C)
FEEDBACK VOLTAGE
vs. TEMPERATURE SOFT-START WITH REFIN
064 . —_— MAXWEUEQIUE;V
063 E 1A/div
=
= 0.62 0A
&
£ o6t Veerm 0.5V/div
o
S 060 ov
2
= 059 .. J 1v/div
o Vour oo
- o8 &+ e 1oy
057 Vewneo || o] vy
056 R | R o
4 A5 10 B 60 8 200/
TEMPERATURE (°C)
STARTING INTO PREBIASED OUTPUT STARTING INTO PREBIASED OUTPUT
(MODE = Vpp, Vour = 2.5V, 2A LOAD) (MODE = Vpp/2, Vout = 2.5V, 2A LOAD
........... S0 el , i
VEN 5 SV VEN A R v
ov oy
1v/div 1V/div
Vout Vout
ov ov
SRR B O SRR DY o’
oor p 0 s lour
M’ s 0A ——— S 0A
T R i A S A PV e | e /1
: L o o S o R Y
200us/div 200us/div
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(Typical values are VIN = VEN = 5V, VouT = 1.8V, RFREQ = 49.9kQ, louT = 6A, Ta = +25°C, circuit of Figure 1, unless otherwise noted.)

STARTING INTO PREBIASED OUTPUT STARTING INTO PREBIASED OUTPUT
(MODE = Vpp, Vour = 2.5V, NO LOAD) (MODE = Vpp/2, VOUT 2.5V, NO LOAD)
MAX15039 toc20 MAX15039 toc21
I e e — —
L Lo Ve R Y
......... e gy o o Py
1 R s L S o et L
Vour N, L Vour
s e e e it i VY s i e et e ey RV
SIS SR T S SRR SO U Y
..... b T i d Y vewsen
Lo S 2\%?\?'3 oo : o 2V/div
oo e I
200us/div 200us/div
STARTING INTO PREBIASED OUTPUT STARTING INTO PREBIASED OUTPUT
ABOVE NOMINAL SET POINT (VouT 1.5V) ABOVE NOMINAL SET POINT (\Inur 1.5V)
—— . MAXW5039 IOCZZ - MAXW )03’3 mr23
..... Ve O N 0"
: s : : 2V/div : . : : 2V/div
T L - oV o
Vout v,
i ouT
” 1V/div g 1v/div
o k. ST PR o
............................................... VpwreD s ] Vewaen
1 o /div S our-isv, ] 2
o EREEERER Sep "'VMODE:VDDV"“ o v o L. VMODE Vop/2,4 ov
N NOLOAD o © NOLOAD
1ms/div 1ms/div
TRANSITION FROM SKIP MODE TRANSITION FROM FORCED
TO FORCED PWM MODE PWM MODE TO SKIP MODE
MAXISO%&LHZ. MAX15039 toc25
s oot . 'mVMODE
N e 5\

Vix
5V/div

Vix
5V/div

Vout

Vour 0.5V/div

1 05viaiv

"""""""""""""""""""" i WIS
v Lo popop oo NOLOAD o

2ms/div 4ms/div

8 MAXI N




L YFAR
6A. 2MHz, 5y T5¥H L ¥l —%

im ¥R AR

% F & HaE
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EFALTLEE . VT MRS — NSBDREICE T 25MIE. [V T MRY—MEREFINJDIEEZSRRL T Z2E0,

7 GND TPFOT95 2 R, GNDEPGNDAEANNA/NZAVFUHDORVUIHEFIMOTISiZE R L TESI L,
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10 OUT | s Lae<r2aly,
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