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MAX8646

X1 Y FAiE. 6A. 2MHz

ATV IIOLFIL—F

ABSOLUTE MAXIMUM RATINGS

IN, VDD, PWRGD to GND ......ooviiiiiiiiiiccei -0.3Vto +4.5V
COMP, FB, REFIN, OUT,

CTL_, EN, SS, FREQto GND................... -0.3V to (Vpp + 0.3V)
LX Current (NOte 1) ..ooiiiiiiiiiccee e -8A to +8A
BST 10 LX oo -0.3V to +4V
PGND t0 GND ..o -0.3V to +0.3V

Continuous Power Dissipation (Ta = +70°C)
(derate 27.8mW/°C above +70°C)

Operating Temperature Range .............

Junction Temperature............ccccooiiiiiiiii

Storage Temperature Range ............ccccooeenn

Lead Temperature (soldering, 10S) ..........ccccevviviiiiiienns.

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

the IC’s package power dissipation limits.

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 = Vpp = 3.3V, VFB = 0.5V, Ta = -40°C to +85°C, typical values are at Ta = +25°C, circuit of Figure 1, unless otherwise noted.)

(Note 2)
PARAMETER ‘ CONDITIONS MIN TYP MAX | UNITS
IN/Vpp
IN and Vpp Voltage Range 2.35 3.60 \
IN Supply Current fs = 1MHz, no Iogd, L=0.47uH | ViN=25V 4 4.6 mA
(includes gate-drive current) VIN = 3.3V 55
VIN = 2.5V 1.4 2.3
Vpp Supply Current fs = IMHz Vi = 3.3V P mA
;(;Ealvngutdown Current from IN VIN = VDD = VBST - Vix = 3.6V, VeN = OV 13 UA
VbD Undervoltage Lockout Yoo rising 2 2! \
Tr?r?eshold 9 LX starts/stops switching Vpp falling 1.8 1.9
Deglitching 2 ys
BST
VBST = VDD = VIN = 3.6V, Ta = +25°C 5
BST Supply Current VEET: 3.6[\)/Dor O\l/,,\‘VEN — oV Tr= +85°C 10 pA
PWM COMPARATOR
E\é\/lle\l/lyComparator Propagation 10mV overdrive 20 ns
COMP
COMP Clamp Voltage, High VIN = 2.35V to 3.6V 2 \
COMP Slew Rate 1.4 V/us
PWM Ramp Amplitude \
COMP Shutdown Resistance From COMP to GND, VEN = Vsg = OV 8 Q
ERROR AMPLIFIER
Select
Preset Output-Voltage Accuracy | REFIN = SS -1 from +1 %
Table 1

Eigﬁiﬁ‘ﬁg;’igg;"“r“y Using | o119 = cTL2 = GND 0594 0.600 0.606 v
FB to OUT Resistor All VID settings except CTL1 = CTL2 = GND 5 8 11 kQ
Open-Loop Voltage Gain 1kQ from COMP to GND 115 dB

MAXIV




X1 FAE. 6A, 2MHz
AFYIYoLF¥al—%

ELECTRICAL CHARACTERISTICS (continued)

(VIN = Vpp = 3.3V, VFB = 0.5V, Ta = -40°C to +85°C, typical values are at Ta = +25°C, circuit of Figure 1, unless otherwise noted.)

(Note 2)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Error-Amplifier Unity-Gain Parallel 10kQ, 40pF from COMP to GND (Note 3) 14 6 MHz
Bandwidth
Error-Amplifier Common-Mode Vbp = 2.35V to 2.6V 0 VpbD - 1.65 y
Input Range Vpp = 2.6V to 3.6V 0 Vbp-1.7
Error-Amplifier Minimum Output Sourcing 1000

P P Vcowmp = 1V — HA
Current Sinking -500
FB Input Bias Current VEg = 0.7, CTL1 = CTL2 = GND, Ta = +25°C -200 40 nA
CTL_
Vi =0V 7
CTL_ Input Bias Current e pA
VerL = Vop +7
) Rising 0.75
High-Z Threshold - \Y
Falling Vpp - 1.2
Hysteresis All VID transitions 50 mV
REFIN
REFIN Input Bias Current VREFIN = 0.6V, TA = +25°C -500 -100 nA
VDD = 2.3V 10 2.6V 0 \qus_
REFIN Common-Mode Range - \
VDD = 2.6V t0 3.6V 0 V1DE7)'
REFIN Offset Voltage CTL1 = CTL2 = GND, Ta = +25°C -3 +3 mV
LX (All pins combined)
VIN = VBST - VLx = 2.5V 27
LX On-Resistance, High Side ILx = -2A N BST- X mQ
VIN = VBST - VLx = 3.3V 26 45
) ) VIN = 2.5V 24
LX On-Resistance, Low Side ILx = 2A mQ
VIN = 3.3V 23 38
LX Current-Limit Threshold VN = 2.5V, high-side sourcing 8 11 A
Vix =0V -2
Ta = +25°C —=
Vix = 3.6V +2
LX Leakage Current VIN = 3.6V, VEN = Vsg = OV UA
Vix =0V 1
Ta = +85°C
Vix = 3.6V 1
o RFREQ = 50kQ 0.9 1 1.1
LX Switching Frequency VIN = 2.5V to 3.3V MHz
RFREQ = 23.2kQ 1.8 2 2.2

MAXIMV
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X1 v FPl. 6A, 2MHz
27y TIOILEIL—F
ELECTRICAL CHARACTERISTICS (continued)

(VIN = Vpp = 3.3V, VFB = 0.5V, Ta = -40°C to +85°C, typical values are at Ta = +25°C, circuit of Figure 1, unless otherwise noted.)
(Note 2)

MAX8646

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Frequency Range 500 2000 kHz
LX Minimum Off-Time VIN = 2.5V to 3.3V 40 75 ns
LX Maximum Duty Cycle RFREQ = 50kQ, V|N = 2.5V to 3.3V 93 96 %
LX Minimum On-Time RFREQ = 50kQ, V|N = 2.5V t0 3.3V 80 ns
RMS LX Output Current 6 A
ENABLE
EN Input Logic Low 0.7 \
EN Input Logic High 1.7 \

VEN = 0V or 3.6V, Ta =+25°C 1

EN, Input Current VoD = 3.6V Th= +85°C 001 uA

SS

SS Charging Current Vsg = 0.45V 7 8 9 pA

SS Discharge Resistance 500 Q

THERMAL SHUTDOWN

Thermal-Shutdown Threshold +165 °C

Thermal-Shutdown Hysteresis 20 °C

POWER-GOOD (PWRGD)

Power-Good Threshold Voltage VEg falling, 3mV hysteresis 87 90 93 %

Power-Good Falling Edge Clock

Deglitch 48 cycles

PWRGD Output Voltage Low IPWRGD = 4mA 0.03 0.15 \

PWRGD Leakage Current VpD = VPWRGD = 3.6V, VFB = 0.9V 0.01 pA

OVERCURRENT LIMIT

Current-Limit Startup Blanking 128 Clock
cycles

Restart Time 1024 Clock
cycles

Note 2: Specifications are 100% production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed by
design and characterization.

Note 3: Guaranteed by design.
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X1 FAE. 6A, 2MHz
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REEERE

(Typical values are: VIN = Vpp = 3.3V; VouTt = 1.8V, RFREQ = 50k, louT = 6A, and Ta = +25°C, unless otherwise noted.)

9VY9I8XVIN

EFFICIENCY vs. OUTPUT CURRENT EFFICIENCY vs. OUTPUT CURRENT EFFICIENCY vs. OUTPUT CURRENT
100 = 100 5 100 o
90 //’ 1 L :\ g 9% 4 g 95 A g
7 = NTTIE A E T E
/ j/ { QK % Vel oz ‘\1\\ % af¢la $:\ i
W
= 8 A S ow yiv/4 N - /, ) NN
= / \ Vour-25V = / /K \ < // { N
(&) ! (&)
z 0/ Vour =18V z 8 / 2 g / Vour=18V] N
S S // our = 18V y N g // Vour =15V
& e 75 our = 1.8V r LI
=60 Vour=1.2V. & // | 1\ I R / ‘ ‘ ‘ ‘
ny e 70 Vour =12V
50 || ] |
65 [ 65 |ViN=25V
Vin=VYop =3.3Y Vin=Vop =25V Vpp =33V
40 — 60 — 60 —
0.1 1 10 0.1 1 10 01 1 10
OUTPUT CURRENT (A) OUTPUT CURRENT (A) OUTPUT CURRENT (A)
FREQUENCY vs. INPUT VOLTAGE LOAD REGULATION LOAD TRANSIENT
1950 % : L Vin=Vop=33V {2 Ly Vin=VYpp =33V
\ § ’005 \ T § [ : N N T o ol ]
1800 i s € 010 X\ Vouy =2V - ; AC-COUPLED
-40°C s N\/ Vour ; 50mV/div
£16%0 Z015 [-Vour=18 \\ =
= o
25 [NN)
S 1500 8020 \
21350 S 005 |—Vour=12v \\ lout f
£ £ \\ 1A/div
1200 [——-40°C—+25°C——+85°C £-030 Q o D e
o N N N
1050 '/ './ .'/ _035 ..... __ 0A
900 040 RN R IO S LI
22 26 30 34 38 0 2 4 6 8 40us/div
INPUT VOLTAGE (V) LOAD CURRENT (A)
SWITCHING WAVEFORMS SOFT-START WAVEFORM SHUTDOWN WAVEFORMS
MAXB646 toc07 S— . MAXEE16 Loco8 G5 0002
T T v : FA AR M | AR ARARE RRARE
AC-COUPLED
20mV/div V/div
oV
2A/div
0A Vour 1/div
2V/div o
v I o PR =050 Do © Rioap=05Q

10ms/div 10us/div
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X1 Y FAik&, 6A, 2MHz
ATV IIOLFIL—F

REBEREGERES)

(Typical values are: VIN = Vpp = 3.3V; VouTt = 1.8V, RFREQ = 50k, louT = 6A, and Ta = +25°C, unless otherwise noted.)

INPUT CURRENT (uA)

o = N W A Ol O N o ©

INPUT CURRENT vs. INPUT VOLTAGE

CURRENT LIMIT vs. OUTPUT VOLTAGE

HIGCUP CURRENT LIMIT

g MAX8646 toc1
/ ‘99’ g -—q“ H H
g e —T g 4
pa 8 — Vour 1V/div
=
// 7 ov
.~ =
e =
L~ = 6 |
A — T .
> =, 0u 5A/div
& 0A
3
b 1717 b i ]
3 N 3
VEN = 0V ] 1A/div
| ) d 0n
22 24 26 28 30 32 34 36 05 10 15 20 25 400us/div
INPUT VOLTAGE (V) OUTPUT VOLTAGE (V)
RMS INPUT CURRENT DURING SHORT-CIRCUIT EXPOSED PAD TEMPERATURE
vs. INPUT VOLTAGE (C4 = 0.022uF) vs. AMBIENT TEMPERATURE
050 I 120 ‘ -
2 110 |- Vour=1.8v. =
0.45 £ _ 6ALOAD pal
0.40 s & 100 2
0 — o /
= 290
< 035 5 V4
= ) A
& 030 5 /
£ £ 70 v
S 025 & Y
e =60
2 020 £ o //
2 015 2 4 /
o= S /
0.10 =30 v
0.05 Vour = OV— 20 MEASURED ON A MAX8646 EV KIT—
0 \ 10 | | |
20 25 30 35 40 0 20 40 60 80 100
INPUT VOLTAGE (V) TEMPERATURE (°C)
FEEDBACK VOLTAGE vs. TEMPERATURE SOFT-START WITH REFIN
064 - . . 'MAX8646t0016
063 £ I 1A/div
z
s 0.62 0A
&
= 0o VRgsIN 0.5V/div
S 060 oV
x
2 059
é ’ Vout 1V/div
= 058 ov
057 VPWRGD .................................................. ZV/dIV
0.56 oV

-15 10

35 60 85

TEMPERATURE (°C)

200us/div
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VDD GND 2.0
VbD Unconnected 25
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X1 Y FRAik, 6A, 2MHz
ATV IIOLFIL—F

NYT—=2
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1]
R 2 b& E
e I
P4
/2 —=| — D2/2 i
| e}
'y - Brsg ] N r* 2
"AR’GNG\\ I [aoojog U__f &
AAAA | = - =
E2/2
[ :’— —I- 3 0D XEl + E [N
{ 5 |
X N
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b3 I Ada—e 21 N\ T A
A c 13
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BOTTOM VIEW
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o TN AR
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~DRAWING NOT TO SCALE-

—E SEATING PLANE

BRALAS /M AKXV

B PACKAGE OUTLINE,
12, 16, 20, 24, 28L THIN QFN, 4x4x0.8mm

1. DIMENSIONING & TOLERANCING CONFORM TO ASNE Y14.5M-1994.
2. AL DMENSIONS ARE IN MILLINETERS. ANGLES ARE IN DEGREES,
3. N IS THE TOTAL NUMBER OF TERMINALS.

/A THE TERNINAL 1 DENTIFIER AND TERWINAL NUMBERING
JESD 95-1 SPP-012,
THE ZONE

7. DEPOPULATION IS POSSBLE IN A SYMMETRICAL FASHION.

&MARK\NC IS FOR PACKAGE ORIENTATION REFERENCE ONLY.
11, COPLANARITY SHALL NOT EXCEED 0.08mm
12. WARPAGE SHALL NOT EXCEEND 0.10mm

14, NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY

~DRAWING NOT TO SCALE-

| COMMON DIMENSIONS EXPOSED PAD VARIATIONS

PKG 121 dx4 16L_dx4 BOL 4x4 24L 4x4 26L 4x4 oG 2 €2 [
REF. | WIN. [NOM | MAX.| #IN. | NOW. [ wax. | NN, [ Now. [ wax [ Win | nom. [ wax. | oan. [now. [Wax | [CODES  |"win. | Now.] wAx.| wan. | NOw. | wax. |AtLoveD|
A o7 [073 | 080070 [073 080 | 070075 | 080 | 070 | 073 | .80 [ 670|075 | 080 | |[Ti24-3 | 195 | 210 | 225] 195 | 20 | 225 | ves
a1t | 00 [ooe [aos| 00 [ooe [0s5 | 00 [aoe [ o005 oo [aoe [005] 00 [ooe [o0s| [T1244-4 [195 [ 210 [225] 195 [ 210 [225] na
a2 020 REF 020 REF 020 REF 020 020 REF Ti644-3_| 195 | 210 225|195 | 210 | 25| ves
o | 025030 | 035|025 [ 030 [033 | 020 0es | 020 [oie [02a [ a0 | a5 [oz0 [oes| [T1644-4 195|210 [225] 195 [ 210 [225] wo
D |390[400 | 410 [3.90 [400 [410 | 390 440 [3.90 | 400 [ 410 [390 | 400 [ 430 | [T2044-2 | 195 | 210|223 295 | 210 | 225] ves
€ |390[400 [ 410390 [400 [ 410 [ 390400 | 410 [390[ 400 [ 410 [390 400 [ 420 | [T12044-3 | 195|210 |225] 195 | 210 [2a5]| no
e 080 BSC. 0.65 BSC. 050 BSC. 0.50 BSC. 0.40 BSC Te4442 | 195 | 210 [225] 195 | 210 | e2s| ves
k Joes[- | - foes] - T - Joes] - T - Joes[ - T - [oes] - T - Te444-3 | 245 | 2.60| 263 245 | 260 | £63| YES
L | 043055 [065]045 [ 055 [ 0es | 045055 | 065|030 | 040|050 [ 030 | 040|050 | [Teass—a | 245|260 263| 245 | eso|263] No
N 12 6 20 24 28 Te844-1 | 2 | 260[270] 250 [ 2eo[e70| no
[ 3 4 s 3 7

[ 3 + F] 3 7
[l VGG VG WGGD-1 WGGD-2 VGGE

NOTES:

CONVENTION RM_TO
3 TERMNAL #1 IDENTFIER ARE OPTIONAL, BUT NUST BE LOCATED WITHIN
INDICATED. THE TERMINAL #1 IDENTFIER MAY BE EMTHER A MOLD OR WARKED FEATURE.
A DIMENSION b APPLES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN 0.25 mm AND 0.30 mm
FROM TERMNAL TP.

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

A COPLANARITY APPLES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERMINALS.
8. DRAWING CONFORMS TO JEDEC MO0220, EXCEPT FOR T2444-3, T2444—4 AND T2844-1.

LEAD CENTERLINES TO BE AT TRUE POSITION AS DEFINED BY BASIC DIMENSION “e”, #0.05.

SHALL CONFDI

BRALLAS /N XKV

LG PACKAGE OUTLINE,
12, 16, 20, 24, 28L THIN QFN, 4x4x0.8mm

ARV OGN CONTRL W0, V.
| 21-0139 | E |%

<FIN IV RASH

7169 -0051 RRMHMBEXFHERTEHE3-30-16 0KV L 1E)
TEL. (03)3232-6141 FAX. (03)3232-6149

VFIULRREICVFVLARBIEAINAERUADEBROERICOWT—tIEEZENIRE T, BBRFHSA 2V XEBEESTHEEA,

VEILSHERTELS<EBROMLEZEE T SEMNZERLEIT,
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