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High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

General Description

Features

The MAX15112 high-efficiency, current-mode step-down
regulator with integrated power switches operates from
2.7V to 5.5V and delivers up to 12A of output current in a
small 2mm x 3mm package. The MAX15112 offers excel-
lent efficiency with skip mode capability at light-load con-
ditions, yet provides unmatched efficiency under heavy
load conditions. The combination of small size and high
efficiency makes this device suitable for both portable
and nonportable applications.

The MAX15112 utilizes a current-mode control architecture
with a high-gain transconductance error amplifier, which
allows a simple compensation scheme and enables a
cycle-by-cycle current limit with fast response to line and
load transients. A factory-trimmed switching frequency of
1MHz (PWM operation) allows for a compact, all-ceramic
capacitor design.

Integrated switches with low on-resistance ensure high
efficiency at heavy loads while minimizing critical induc-
tances. The MAX15112’s simple layout and footprint
assure first-pass success in new designs.

Other features of the MAX15112 include a capacitor-
programmable soft-start to reduce inrush current, safe
startup into a prebiased output, an enable input, and a
power-good output for power sequencing.

The regulator is available in a 24-bump (4 x 6), 2.10mm

x 3.05mm WLP package, and is fully specified over the
-40°C to +85°C extended temperature range.

4 Continuous 12A Output Current

+1% Feedback Accuracy Over Load, Line, and
Temperature

Operates from 2.7V to 5.5V Supply

Input Undervoltage Lockout

Adjustable Output Range from 0.6V Up to 0.94 x VIN
Programmable Soft-Start

Factory-Trimmed 1MHz Switching Frequency
Stable with Low-ESR Ceramic Output Capacitors
Safe-Startup into a Prebiased Output

External Reference Input

*
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Selectable Skip Mode Option for Improved
Efficiency at Light Loads

Enable Input/PGOOD Output Allows Sequencing
Remote Ground Sense for Improved Accuracy
Thermal and Overcurrent Protection

Tiny 2.10mm x 3.05mm, 24-Bump WLP Package

* & & o

Applications

Notebooks
Servers
Distributed Power Systems

DDR Memory
Base Stations

Ordering Information appears at end of data sheet.

Typical Operating Circuits
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Typical Operating Circuits continued at end of data sheet.
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For related parts and recommended products to use with this part, refer to: www.maxim-ic.com/MAX15112.related
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

ABSOLUTE MAXIMUM RATINGS

IN, PGOOD to GND .....ooooiviiiiiiiiieceeec -0.3V to +6V LX Continuous Current (Note 1).......ccocoiiiiiiiiiiiiee +20A
EN, COMP, FB, SS/REFIN, GSNS, SKIP, Output Short-Circuit Duration .........c.ccocevviiiiiienn, Continuous
LXt0 GND ..o -0.3V to (VN + 0.3V) Continuous Power Dissipation
LX to GND (for 10NS).......cooieieiiiiiiiieie -2V to (V)N + 2V) WLP (derate 53.85mW/°C above +70°C)...................... 2.15W
LX to GND (for 50NS)........c.ccccovoviiiiiriiiiriian, -1V to (VN + 1V) Operating Temperature Range.......................... -40°C to +85°C
BST 0 LX oot -0.3V to +6V Junction Temperature (Note 2) ...........cccococvviverieerinnnn., +110°C
BST 0 GND...ooovvciiceeeeeee e, -0.3V to +12V Storage Temperature Range................. ...-65°C to +150°C
BST 10 IN ..o, -0.3V to +6V Bump Reflow Temperature (Note 3) ... +260°C

Note 1: LX has internal clamp diodes to GND and IN. Applications that forward bias these diodes must take care not to exceed
the IC’s package power dissipation limits.

Note 2: Limit the junction temperature to +110°C for continuous operation at maximum output current.

Note 3: The WLP package is constructed using a unique set of package techniques that impose a limit on the thermal profile the
device can be exposed to during board-level solder attach and rework. This limit permits only the use of the solder pro-
files recommended in the industry-standard specification JEDEC 020A, paragraph 7.6, Table 3 for IR/VPR and convection
reflow. Preheating is required. Hand or wave soldering is not allowed.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-

tion 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.

PACKAGE THERMAL CHARACTERISTICS (Note 4)

WLP
Junction-to-Ambient Resistance (6a) ................. 25.5°C/W
Junction-to-Board Thermal Resistance (6yg)......... 18.5°C/W

Note 4: Package thermal resistances were obtained using the MAX15112 evaluation board.

DC ELECTRICAL CHARACTERISTICS

(VN =BV, see the Typical Operating Circuits, Ta = -40°C to +85°C. Typical values are at Tp = +25°C, unless otherwise noted.) (Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
IN Voltage Range VIN 2.7 5.5 \Y
IN Supply Current N VEN = VN, VEB = 0.65V, no switching 4.6 7 mA
IN Shutdown Current ISHDN VENn = OV 0.01 3 HA
IN Undervoltage Lockout - Lo
Threshold VuvLo VN rising, LX starts switching 2.6 2.68 V
IN Undervoltage Lockout . Lo
Threshold Hysteresis VN falling, LX stops switching 200 mV
ERROR AMPLIFIER
Transconductance am 1.1 mS
Voltage Gain AVEA 90 dB
FB Setpoint Voltage Vi Over line, load, and temperature 0.594 0.600 0.606 V
FB Input Bias Current I Veg = 0.6V -500 +500 nA
COMP to Current-Sense
Transconductance gme 80 AV
COMP Clamp Low Voltage VEg = 0.65V, Vsg/ReFiN = 0.6V 0.91 V
Slope Compensation Ramp
Amplitude VsLope 130 mv
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

DC ELECTRICAL CHARACTERISTICS (continued)

(VN =BV, see the Typical Operating Circuits, Ta = -40°C to +85°C. Typical values are at Tp = +25°C, unless otherwise noted.) (Note 5)

PARAMETER | symBoL | CONDITIONS MIN TYP  MAX | UNITS
GROUND SENSE
GSNS Output Current | Vss/REFIN = 0.6V, Vasns = OV 52 | A
POWER SWITCHES
High-side switch 18
Current-Limit Threshold Low-side switch, sinking 18 A
Low-side switch, sourcing 18
LX Leakage Current VEN = OV pA
BST Leakage Current VEN = OV pA
BST On-Resistance RoN_BsT | IBsT = 50mA 0.63 Q
LX' RMS Output Current 12 A
OSCILLATOR
Switching Frequency fsw 850 1000 1150 kHz
Maximum Duty Cycle Dmax PV\_/M mode 94 %
Skip mode 85
Minimum Controllable On-Time toN 70 ns
ENABLE FUNCTIONALITY
EN Input High Threshold ViH VEN rising 1.4 V
EN Input Low Threshold ViL VEn falling 0.4 V
EN Input Leakage Current -1 +1 uA
SKIP FUNCTIONALITY (Note 6)
SKIP Input High Threshold Vg p rising 1.4 Vv
SKIP Input Low Threshold Vskp falling 0.4 \Y
SKIP Pulldown Resistor 230 kQ
Minimum LX On-Current in Skip
Mode 8 A
Zero-Crossing LX Threshold 0.5 A
SOFT-START AND PREBIAS FUNCTIONALITY
Soft-Start Current Iss Vss/RerIN = 0.45V, sourcing 6.8 10 125 pA
SS/REFIN Discharge Resistance Rsg lss/REFIN = 10MA, sinking Q
\S/(S)(»[F;ZZIN Prebias Mode Stop VsS/REFIN rising 058 v
SS/REFIN External Reference VIN - v
Input Range 2.5
HICCUP MODE
Nlunjber of Consgcutive Current- Niic 8 Events
Limit Events to Hiccup Mode
Hiccup Mode Timeout 1024 CCJZICeZ

MAXIN
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

DC ELECTRICAL CHARACTERISTICS (continued)

(VN =BV, see the Typical Operating Circuits, Ta = -40°C to +85°C. Typical values are at Tp = +25°C, unless otherwise noted.) (Note 5)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
POWER-GOOD OUTPUT
PGOOD Threshold Vg falling, PGOOD deasserts 0.514 0.529 0.542 V
PGOOD Threshold Hysteresis VEg rising 25 mV
PGOOD Output Voltage Low Vpg oL | 'pgoop = 5MA, Ve = OV 18 50 mV
PGOOD Leakage Current IpG LK Vpgoop = 5.5V, Vg = 0.65V 1 pA
THERMAL SHUTDOWN
Thermal Shutdown Threshold TSHDN Die temperature rising +150 °C
Thermal Shutdown Hysteresis 20 °C

Note 5: All devices are 100% production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed by design.
Note 6: Connect SKIP to EN for skip mode functionality. Leave SKIP unconnected or connect to GND for PWM mode functionality.

Typical Operating Characteristics

(ViNn =5V, VoyuTt = 1.5V, ILpoap = 4A, Csg = 33nF, see the Typical Operating Circuits, Tpa = +25°C, unless otherwise noted.)

EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
(Vin = 3.3V, PWM MODE) (Vin = 5V, PWM MODE) (Vin = 3.3V, SKIP MODE)
100 - 100 o 100 —
% gl : % : 3 : % s i
d A R 5 WA SR 5 il N 5
o | AP o -2V [IR g 8 A ot =33~ : w (0 ':é’:\:‘:\(/ 2
/Y| Vour = 18V 770N s R
= o0 A tvour- 15 N dne S W Vour =15V
2 L 2 Jour 1 S 75 |vour-12
g 0y T o 50 T g n
= || Vour=12V e u =
E o4 E o4 Vour = 1.2V £ 70
3 0 N 65
Vour = 1.5V
20 20 60
10 10 55
0 0 50
01 1 10 01 1 10 100 01 1 10 100
LOAD CURRENT (4) LOAD CURRENT (4) LOAD CURRENT (4)
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Typical Operating Characteristics (continued)

(ViNn =5V, VoyuTt = 1.5V, I poap = 4A, Cgg = 33nF, see the Typical Operating Circuits, Tpa = +25°C, unless otherwise noted.)

SWITCHING FREQUENCY
vs. INPUT VOLTAGE (PWM, lout = 0A)

EFFICIENCY vs. LOAD CURRENT
(ViN = 5V, SKIP MODE)

0 =T T T . [
9% [Vour=25V = & g _ Ta=+85°C /g
%0 msz (PZ==NN : = 1060
8 [ S 5 1040
= LA i
2 g [T Vor=tey = 1020 Ta=+25°C
S . Vour =15V 2 1000
o &)
2 n £ w
65 2 o0
60 < 940 Ta=-40°C
55 920
5 900
0 1 0 00 25 30 35 40 45 50 55
LOAD GURRENT (1) INPUT VOLTAGE (V)
OUTPUT VOLTAGE OUTPUT VOLTAGE ERROR
vs. INPUT VOLTAGE (PWM) vs. INPUT VOLTAGE (PWM, louT = 6A)
1508 . 020 — .
g REFERENCED TO Viy = 4V E
1506 2 015 E
1504 } €010 / -
L= o
81502 |— lour=0A — 1 loy7=6A — & 005 1
= & |~
21500 £ o Vo1
1498 5 -0.05 4
) //r_ &
1496 ! 5010 ey
| =12A / ouT=1.
1494 TUT ‘ 015 y/
1492 020
25 30 35 40 45 50 55 25 30 35 40 45 50 55
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
LOAD CORRENT (PWH ot .57 LOAD-TRANSIENT RESPONSE
vs. (PWM, Vour = 1.5V) (ViN = 5V, PWM, 1A/ps)
1.510 8 i . MAXI5112 10009
1508 = b
e | — 1 b [0
= s AT | 20mV/div
= 1 AC-COUPLED
(s} - ]
= 1502 F—— v =5y ———VIN=33V —] !
o |
S 10 | o
= 1498
S 1.496 { lout
” RSSO SO SUCIOOOE) USRIV
1492 Y. s — 1A
1490 AR ]

0 2 4 6 8 10 1
LOAD CURRENT (A)

40ps/div
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Typical Operating Characteristics (continued)

(ViN =5V, Vout = 1.5V, I oap = 4A, Cgg = 33nF, see the Typical Operating Circuits, Tp = +25°C, unless otherwise noted.)

LOAD-TRANSIENT RESPONSE
(Vin = 3.3V, PWM, 1A/ps)

LOAD-TRANSIENT RESPONSE
(Vin = 5V, SKIP, 1A/ps)

MAXWSWTZIFO'C_L MAXWSWTZIFO'C_E
ﬁ H H ) H H )
] vour | vour
20mV/div q 50mV/div
] AC-COUPLED : 1 AC-COUPLED
[ o ; |
| o . 1 m
: ; 5 1 lour
| 2A/div : 1 2A/div
{ 01A : { 01A
40ps/div 40ps/div
LOAD-TRANSIENT RESPONSE LOAD-TRANSIENT RESPONSE
(Vin = 3.3V, SKIP, 1A/s) (Vin = 5V, PWM, 1A/ps)
MAXWGHQ\&C.L MAX15112 toc1.
T ﬁ LARARS AR Tt LABRRF T T T (ABRRS SanassERAy
Vout Vout
50mV/div i 50mV/div
1 AC-COUPLED 1 AC-COUPLED
: ﬁ(ﬁﬂ 1 1A
' 1 lour
f 2A/div 1 5A/div
: ; 0.1A 1A
40ps/div 40us/div
LOAD-TRANSIENT RESPONSE SWITCHING WAVEFORMS
(Vin = 3.3V, PWM, 1A/ps) (Vin = 5V, lout = 12A, PWM)
MAXWSHZI_O'C_L — . V\{\AXH’H]ZIFO'C_L
Vout 1 vour
- 50mV/div i 20mV/div
I | AC-COUPLED ] Ac-COUPLED
1 | vix
1 svdv
] 1A :
1 lour d ILx
| sA/div 1 sasdv
1 1A ]
i i i VR TR TNTTR VR A NN AR I

40ps/div
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400ns/div

Maxim Integrated Products




MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Typical Operating Characteristics (continued)

(ViNn =5V, VoyuTt = 1.5V, I poap = 4A, Cgg = 33nF, see the Typical Operating Circuits, Tpa = +25°C, unless otherwise noted.)

MAXIN

SWITCHING WAVEFORMS SWITCHING WAVEFORMS
(Vin = 3.3V, lout = 12A, PWM) (Vin = 5V, lout = 1A, SKIP)
MAX15112 toc16 MAX15112 toc17
v T DS ARAE AR ARE TR MRS MR AR v
. 1 v . 1 vout
‘ ggﬁ]b/div ; | 20mV/div
Liioioaoroowoowowoo o pACCOUPLED e e e oY { Ac-CoUPLED
Vix k Vix
1 2vidiv 1 2V/div
d Ix
o AN ARR Sty e iy NG INE NN
sy e N S\ Y y{ ILx
Lo T o] 1 2A/div
i i i i 1 i i i i ] OA i i i 1 i i i i
400ns/div 400ns/div
SOFT-START WAVEFORMS
SHUTDOWN WAVEFORMS (lgut = 6A) (PWM, lour = 6A)
S— ST MAX15112 toc19
Do ] [-ASmARaaREA ARARASARRS VEn
: ! o o Yy : i
—— . cooo ] Svidiv : SVfdiv

100ps/div

SOFT-START WAVEFORMS
(lout = 1A, SKIP)

MAX15112 toc20
T T

400ps/div

1 Vour
1 s00mv/div

{ Vegoon
1 5V/div

1 lout

5A/div

VEN

4 5V/div

1 Vour

1 500mv/div
{ Vecoon
5 5V/div

] lour
1 1aziv

SHUTDOWN CURRENT (nA)

100

80

60

40

20

0

400ps/div

SHUTDOWN CURRENT
vs. INPUT VOLTAGE (Ven = 0V)

IAX15112 toc21

/

e

/

e

25 30 35 40 45 50 55

INPUT VOLTAGE (V)

1 Vour
1 500mv/div

{ Vecoon
5 5V/div

{ 1ot
7 sA/div
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Typical Operating Characteristics (continued)

(ViNn =5V, VoyuTt = 1.5V, I poap = 4A, Csg = 33nF, see the Typical Operating Circuits, Tpa = +25°C, unless otherwise noted.)

RMS INPUT CURRENT
SHORT-CIRCUIT HICCUP MODE vs. INPUT VOLTAGE (PWM)
......... UDSIRA 250
1 1V/div 230 2
_ 210 2
z
,,,,,,,,,,,,,,,,,,,,,,,,, e 19
& 170
{ In 5 \
1 shsdiv o 10
....................... T 130 \
£ 110
------------------------- = \
90
| lour
. . 1 10A/div 70
Lo Lo 50 SHORT CIRCUIT ON OUTPUT
1ms/div 25 30 35 40 45 5.0 55
INPUT VOLTAGE (V)
FEEDBACK VOLTAGE SOFT-START WAVEFORMS
vs. TEMPERATURE (NO LOAD, PWM) (EXTERNAL REFIN, PWM MODE)
0.606 < & : A1 112 0025
0.605 S S 1 Vss/rerIN
0.604 2 1 500mv/div
=
0.603 ]
1 Vour
0.602 1 1vidiv
20.601
& 0.600
~ 0599 E—
0.598 :
ILx
0.597 )
0596 ................... % " N “ " 5A/d|v
09% T T ] e
0,594 it Lt ] 5V/div
-40 -15 10 35 60 85 400ps/div
TEMPERATURE (°C)
SOFT-START WAVEFORMS STARTING INTO 1V PREBIASED OUTPUT
(EXTERNAL REFIN, SKIP MODE) (PWM, lout = 4A)
MAXTETT?‘UEH-Q—G MAXW‘SHZI&L‘_‘N
i T T > MMM SRR SN AMSERNE Mant nate RV
S 1 Vss/REFIN T—— el VEN
1 s00mv/div Pt Lttt Vv
‘ oo s ')
] Vour 1 500mV/div
1 1v/div /
[ ILx
e DA/div
1 Ix
] 5A/div
"""""""""" l S Vegooo ST, Vegoop
; i i ] SV/div msassnsiand 0 4 5V/div
400ps/div 400ps/div
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Typical Operating Characteristics (continued)

(ViNn =5V, VoyuTt = 1.5V, I poap = 4A, Cgg = 33nF, see the Typical Operating Circuits, Tpa = +25°C, unless otherwise noted.)

STARTING INTO 1V PREBIASED OUTPUT STARTING INTO 1V PREBIASED OUTPUT

(PWM, NO LOAD)

MAX15112 toc28
: S REEE

N

VEN

J 5V/div

{ vour
] S00mv/div

ILx
2A/div

1 Vesoop

1 5V/div

(SKIP MODE, NO LOAD)

MAX15112 toc29
: —

" g

VEN
5V/div

{ vour
5 500mV/div

ILx
1 2A/div

1 Vpecoop
] 5V/div

400ps/div 400ps/div

STARTING INTO A PREBIASED OUTPUT
HIGHER THAN SET OUTPUT

INPUT CURRENT IN SKIP MODE
vs. OUTPUT VOLTAGE (NO LOAD)

MAX15112 toc30
T 50 =
[ wmmmnimend \/EN g
1 Svidiv 45 5
; E:
y 40
| vour E Viy=5V
1 500mv/div £ 35
| £ |
' 5 30 Y
: ILx rL—) A
5A/div z 25
1 2.0 ViN=33V
1 VsS/REFIN 15
; Lo 1 500mV/div 10
10ms/div 06 1.0 14 18 22 26

OUTPUT VOLTAGE (V)
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Pin Configuration

TOP VIEW MAXIMN
(BUMP ON THE BOTTOM) MAX15112
e i X BST  PGOOD  GSNS
ey (e My (s ()
GND LX LX IN NC. FB
RGN CYIRCHR ORI C)
GND LX LX IN SKIP SS/REFIN
ORI C R (T IR YR
GND GND AIN IN EN CoMP
oy (2 (3 {4y (D5 {06}
WLP
Pin Description
PIN NAME FUNCTION
A1, B1. C1, Ground Connection. GNQ is the source terminal of the internall Iow—sid.e switch. annect all GND
D1 D2 GND bumps to a component-side PCB copper ground plane at a single point near the input bypass
' capacitor return terminal.
A2, A3, B2, LX Inductor Connection. Connect LX to the switching side of the inductor. LX is high impedance when
B3, C2, C3 the MAX15112 is in shutdown mode.
Ad BST Boost Input for the High-Side Switch Driver. Connect a capacitor from BST to LX.
A5 PGOOD Power-Good Open-Drain Output. PGOOD asserts high when Vgg is above 0.554V (typ) and
deasserts when Vgg falls below 0.529V (typ).
Remote Ground-Sense Input. Connect GSNS to the ground terminal of the load and to the bottom of
A6 GSNS .
the feedback resistors.
B4 C4 D4 N Ipput Pgwer Supply. By.pass IN to GND with at least two 22uF low-ESR ceramic capacitors with suf-
T ficient ripple current ratings.
B5 N.C No Connection. Do not connect.
B6 kB Feedback Input. Connect FB to the center tap of an external resistor divider from the output to the
output capacitor return terminal to set the output voltage from 0.6V to 0.94 x V|n.
cs SKIP Skip-Mode Selector Ipput. Connect SKIP t'o EN for skip-mode operation. Connect SKIP tg GND or leave
unconnected for continuous mode operation. Do not change the state of SKIP when EN is high.
Soft-Start and External Voltage Reference Input. Connect a capacitor from SS/REFIN to GND to set
c6 SS/REFIN the soft-start delay. See the Setting the Soft-Start T/'melsection for more information. To use SS/REFIN
as an external voltage reference, apply a voltage ranging from 0V to (Vy - 2.5V) to SS/REFIN to
externally control the soft-start time and feedback voltage.
D3 AIN Filtered Input Voltage
D5 EN Enable Input. Drive EN high to enable the MAX15112. Connect EN to IN for always-on operation.
Error Amplifier Output. Connect the compensation network from COMP to GND. See the
D6 COMP Compensation Design Guidelines section for more information.
MK Maxim Integrated Products 10




MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Functional Diagram

SKIP
N
AIN IN
\A \i
BIAS EN LOGIC, SKIP MODE SKPM CURRENT-SENSE
GENERATOR IN UVLO, THERMAL LOGIC > AMPLIFIER
' +
SHON
LX
VOLTAGE ~,
REFERENCE M AXI/W
MAX15112 HIGH-SIDE
CURRENT LIMIT _~"+
06V o
- NIEE
4 IN
PREBIAS
SS/REFIN _ ABOVE T ° BST
P 10pA FORCED _
PWM > |
SS/REFIN BUFFER START |
ERROR D
AP COMPPVA\\IP{//IXTOR >—|
__ GSNS| CONTROL f
LOGIC LX
B
COMP <
PGOOD o« -
> IN
554mV, RISING > ,_|
520mV, FALLING —
yavi GND
- COMPENSATION é
LOW-SIDE SOURGE-SINK
— CURRENT-LIMIT AND ZERO-
OSCILLATOR CK CROSSING COMPARATOR
RAMP [—
GENERATOR 1 7
| SOURCE
SINK
Fog -
SKPM
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Detailed Description

The MAX15112 high-efficiency, current-mode switching
regulator delivers up to 12A of output current. The regu-
lator provides output voltages from 0.6V up to 0.94 x VIN
from 2.7V to 5.5V input supplies, making the device ideal
for on-board point-of-load applications.

The MAX15112 delivers current-mode control architec-
ture using a high-gain transconductance error amplifier.
The current-mode control architecture facilitates easy
compensation design and ensures cycle-by-cycle cur-
rent limit with fast response to line and load transients.

The regulator features a 1MHz fixed switching frequency,
allowing for all-ceramic capacitor designs and fast tran-
sient responses. The high operating frequency minimizes
the size of external components.

The regulator offers a selectable skip mode functionality
to reduce current consumption and achieve a higher
efficiency at light output loads. Integrated switches
ensure high efficiency at heavy loads while minimizing
critical inductances.

The MAX15112 features PWM current-mode control,
allowing for an all-ceramic capacitor solution. The regu-
lator offers capacitor-programmable soft-start to reduce
input inrush current. The device safely starts up into a
prebiased output. The MAX15112 includes an enable
input and open-drain PGOOD output for sequencing with
other devices.

Controller Function—PWM Logic
The controller logic block is the central processor that
determines the duty cycle of the high-side MOSFET
under different line, load, and temperature conditions.
Under normal operation, where the current-limit and
temperature protection are not triggered, the controller
logic block takes the output from the PWM comparator
and generates the driver signals for both high-side and
low-side MOSFETs. The control logic block controls the
break-before-make logic and all the necessary timing.

The high-side MOSFET turns on at the beginning of the
oscillator cycle and turns off when the COMP voltage
crosses the internal current-mode ramp waveform. The
internal ramp is the sum of the compensation ramp and
the current-mode ramp derived from the inductor current
(current-sense block). The high-side MOSFET also turns
off if either the maximum duty cycle (94%, typ) or the cur-
rent limit is reached. The low-side MOSFET turns on for
the remainder of the oscillation cycle.

MAXIN

Starting into a Prebiased Output
The MAX15112 can soft-start into a prebiased output
without discharging the output capacitor. In safe pre-
biased startup, both low-side and high-side MOSFETs
remain off to avoid discharging the prebiased output.
PWM operation starts when the voltage on SS/REFIN
crosses the voltage on FB.

The MAX15112 can start into a prebiased voltage higher
than the nominal set point without abruptly discharg-
ing the output. Forced PWM operation starts when the
SS/REFIN voltage reaches 0.58V (typ), forcing the con-
verter to start. The low-side current limit is increased over
350us to the maximum from the first LX pulse. When the
low-side sink current-limit threshold of 18A is reached,
the low-side switch turns off before the end of the clock
period and the high-side switch turns on until one of the
following conditions is satisfied:

e High-side source current hits the reduced high-side
current limit (18A, typ); in this case, the high-side
switch is turned off for the remaining time of the clock
period.

e The clock period ends.

Reduced high-side current limit is activated to recirculate
the current into the high-side power switch rather than
into the internal high-side body diode.

Low-side sink current limit is provided to protect the
low-side switch from excessive reverse current during
prebiased operation.

Enable Input and Power-Good

(PGOOD) Output

The MAX15112 features independent enable control and a

power-good signal that allows for flexible power sequenc-

ing. Drive the enable input (EN) high to enable the regula-
tor, or connect EN to IN for always-on operation.

Power good (PGOOD) is an open-drain output that
asserts when VFB is above 554mV (typ) and deasserts
low if VFB is below 529mV (typ).

Programmable Soft-Start (SS/REFIN)
The MAX15112 utilizes a soft-start feature to slowly
ramp up the regulated output voltage to reduce input
inrush current during startup. Connect a capacitor from
SS/REFIN to GND to set the startup time (see the Setting
the Soft-Start Time section for capacitor selection details).
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Error Amplifier
A high-gain transconductance error amplifier provides
accuracy for the voltage-feedback loop regulation.
Connect the necessary compensation network between
COMP and GND (see the Compensation Design
Guidelines section). The error-amplifier transconduc-
tance is 1.1mS (typ). COMP clamp low is set to 0.91V
(typ), just below the slope ramp compensation valley,
helping COMP to rapidly return to the correct set point
during load and line transients.

Ground-Sense Amplifier
The MAX15112 features a ground-sense amplifier to pre-
vent output voltage droop under heavy load conditions.
Connect GSNS to the negative terminal of the load output
capacitor to properly Kelvin-sense the output ground.
Route the GSNS trace away from the switching nodes.

PWM Comparator
The PWM comparator compares the COMP voltage to
the current-derived ramp waveform (COMP voltage to LX
current transconductance value is 80A/V, typ). To avoid
instability due to subharmonic oscillations when the duty
cycle is around 50% or higher, a slope compensation
ramp is added to the current-derived ramp waveform.
The compensation ramp slope is designed to ensure
stable operation at any duty cycle up to 94%.

Overcurrent Protection and Hiccup Mode
When the converter output is shorted or the device is
overloaded, each high-side MOSFET current-limit event
turns off the high-side MOSFET and turns on the low-side
MOSFET. On each current-limit event (either high-side
or low-side) a 3-bit counter is incremented. The counter
is reset after three consecutive switching cycles that do
not reach the current limit. If the current-limit condition
persists, the counter fills up reaching eight events. The
control logic then keeps the low-side MOSFET turned on
until the inductor current is fully discharged to avoid high
currents circulating through the low-side body diode.

MAXIN

The control logic turns off both high-side and low-side
MOSFETs and waits for the hiccup period (1024 clock
cycles, typ) before attempting a new soft-start sequence.
The hiccup mode is also enabled during soft-start time.

Thermal Shutdown Protection
The MAX15112 contains an internal thermal sensor that
limits the total power dissipation to protect the device in
the event of an extended thermal fault condition. When
the die temperature exceeds +150°C (typ), the thermal
sensor shuts down the device, turning off the DC-DC
converter to allow the die to cool. After the die tempera-
ture falls by 20°C (typ), the device restarts.

Skip Mode Operation
The MAX15112 features selectable skip mode operation
when SKIP is connected to EN. When in skip mode, the
LX output becomes high impedance when the inductor
current falls below 0.5A (typ). The inductor current does
not become negative. If during a clock cycle the inductor
current falls below the 0.5A threshold (during off-time),
the low-side turns off. At the next clock cycle, if the
output voltage is above set point, the PWM logic keeps
both high-side and low-side MOSFETSs off. If instead the
output voltage is below the set point, the PWM logic
drives the high-side on until a reduced current limit
threshold (3A, typ) is reached. In this way the system can
skip cycles, reducing the frequency of operation, and
switches only as needed to service load at the cost of
an increase in output voltage ripple (see the Skip Mode
Frequency and Output Ripple section). In skip mode,
power dissipation is reduced and efficiency is improved
at light loads because power MOSFETs do not switch at
every clock cycle.

The MAX15112 automatically enters continuous mode
regardless of the state of SKIP when the load current
increases beyond the skip mode current limit.

Do not change the state of SKIP when EN is high.

Maxim Integrated Products 13




MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Applications Information

Setting the Output Voltage
The MAX15112 output voltage is adjustable from 0.6V
up to 94% of VIN by connecting FB to the center tap of
a resistor-divider between the output and GND (see the
Typical Operating Circuits). Choose R1 and R2 values
so that the DC errors due to the FB input bias current
(£500nA) do not affect the output voltage accuracy.
With lower value resistors the DC error is reduced, but
the amount of power consumed in the resistor-divider
increases. R2 values between 1kQ and 20kQ are accept-
able (see Table 1 for typical values). Once R2 is chosen,
calculate R1 using:

R1=R2x[(Vout/Ves)-1]

where the feedback threshold voltage VFB = 0.6V (typ).
When regulating for an output of 0.6V in skip mode, short
FB to OUT and keep R2 connected from FB to GND.

Inductor Selection
A high-valued inductor results in reduced inductor-ripple
current, leading to a reduced output-ripple voltage.
However, a high-valued inductor results in either a larger
physical size or a high series resistance (DCR) and a
lower saturation current rating. Typically, choose an
inductor value to produce a current ripple, AlL, equal to
30% of load current. Choose the inductor with the follow-
ing formula:

_ Vout «[1. Your
faw x LIRX I 0AD ViN

where fsw is the fixed 1MHz switching frequency, and
LIR is the desired inductor current ratio (typically 0.3). In
addition, the peak inductor current, I_PK, must always
be below the 18A high-side current-limit and the inductor
saturation current rating, IL_SAT. Ensure that the following
relationship is satisfied:

MAXIN

1 .
IL_Pk=lLoAD +5 AlL(p-p) <min (18A, 1_sar)
where:
Vourt
(Vin=Vour) x ==
ViN

Alup-p) = L x fow

Input Capacitor Selection
For a step-down converter, the input capacitor, CIN,
helps to keep the DC input voltage steady, in spite of
discontinuous input AC current. Use low-ESR capacitors
to minimize the voltage ripple due to ESR.
Size CIN using the following formula:

lLoaD Vout
fsw < AVIN_RIPPLE  VIN

Cin=

where AVIN_RIPPLE is the maximum-allowed input-ripple
voltage across the input capacitors and is recommend-
ed to be less than 2% of the minimum input voltage,
fsw is the switching frequency (1MHz), and ILOAD is the
output load. The impedance of the input capacitor at
the switching frequency should be less than that of the
input source so high-frequency switching currents do not
pass through the input source, but are instead shunted
through the input capacitor.

Ensure that the input capacitor can accommodate the
input-ripple current requirement imposed by the switch-
ing currents. The RMS input-ripple current is given by:

12
[Vour*(ViN-Vour)] /
VN

lrRMmS = xlLoaD

where IRMS is the input RMS ripple current.

Use multiple capacitors in parallel to meet the RMS cur-
rent rating requirement.
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Output Capacitor Selection
The key selection parameters for the output capacitor are
capacitance, ESR, ESL, and voltage-rating requirements.
These affect the overall stability, output-ripple voltage,
and transient response of the DC-DC converter. The out-
put ripple occurs due to variations in the charge stored in
the output capacitor, the voltage drop due to the capaci-
tor's ESR, and the voltage drop due to the capacitor’s
ESL. Estimate the output-voltage ripple due to the output
capacitance, ESR, and ESL as follows:

VRIPPLE = VRIPPLE(C) + VRIPPLE(ESR) *+ VRIPPLE(ESL)

where the output ripple due to output capacitance, ESR,
and ESL is:
Alp_p
8xCout xfsw
VRIPPLE(ESR) = Alp-p xESR

and VRIPPLE(ESL) can be approximated as an inductive
divider from LX to GND:

VRIPPLE(C) =

ESL _ Vi ¢ EEL

VRIPPLE (ESL) = VX %

where VX swings from VN to GND.
The peak-to-peak inductor current (Alp-p) is:

(Vin—Vour) x Your
VIN

Alp-p L= fgyy
When using ceramic capacitors, which generally have
low-ESR, AVRIPPLE(C) dominates. When using electro-
lytic capacitors, AVRIPPLE(ESR) dominates. Use ceramic
capacitors for low ESR and low ESL at the switching fre-
quency of the converter. The ripple voltage due to ESL is
negligible when using ceramic capacitors.

As a general rule, a smaller inductor-ripple current results
in less output-ripple voltage. Since inductor-ripple cur-
rent depends on the inductor value and input voltage, the
output-ripple voltage decreases with larger inductance
and increases with higher input voltages. However, the
inductor-ripple current also impacts transient-response
performance, especially at low V|N to VOUT differentials.
Low inductor values allow the inductor current to slew
faster, replenishing charge removed from the output filter
capacitors by a sudden load step.

MAXIN

Load-transient response also depends on the selected
output capacitance. During a load transient, the output
instantly changes by ESR x Al pap. Before the controller
can respond, the output deviates further, depending on
the inductor and output capacitor values. After a short
time, the controller responds by regulating the output
voltage back to the predetermined value.

Use higher Coyrt values for applications that require
light-load operation or transition between heavy load and
light load, triggering skip mode, causing output under-
shooting or overshooting. When applying the load, limit
the output undershooting by sizing Coyt according to
the following formula:

Al oaD

Cour ==———L0AD__
OUT “ 30 x AVout

where Al oap is the total load change, fco is the unity-
gain bandwidth (or zero-crossing frequency), and AVoyT
is the desired output undershooting. When removing the
load and entering skip mode, the device cannot control
output overshooting, since it has no sink current capabil-
ity; see the Skip Mode Frequency and Output Ripple
section to properly size Coyt under this circumstance.

A worst-case analysis in sizing the minimum output
capacitance takes the total energy stored in the inductor
into account, as well as the allowable sag/soar (under-
shoot/overshoot) voltage as follows:

Lx (IZOUT(MAX) _|20UT(MIN))

Cout (MIN) = , voltage soar (overshoot)

2
(Vein +Vsoar)” - VANIT

Lx (|20UT(MAX) - IZOUT(MIN))

COUT(MlN) = , voltage sag (undershoot)

VAT - (VeI - Vsag)

where loUT(MAX) and IOUT(MIN) are the initial and final
values of the load current during the worst-case load
dump, VINIT is the initial voltage prior to the transient,
VFIN is the steady-state voltage after the transient, VSOAR
is the allowed voltage soar (overshoot) above VFIN, and
VSAG is the allowable voltage sag below VFIN. The terms
(VFIN + VSOAR) and (VFIN - VSAG) represent the maxi-
mum/minimum transient output voltage reached during
the transient, respectively.

Use these equations for initial output-capacitor selection.
Determine final values by testing a prototype or an evalu-
ation circuit under the worst-case conditions.
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Skip Mode Frequency and Output Ripple and:
Enable skip mode in battery-powered systems for high ; _AQour
efficiency at light loads. In skip mode the switching fre- OFF2 = oA
quency (fgkp), as illustrated in Figure 1, is calculated as Ll 5 1) (Iskipumim
follows: t ) SKIP_UMIT* | G - Voo > LOAD
OFF2 = |
1 LOAD
ON+toFF1+toFF2 Output ripple in skip mode is:
where:
y | Exlskip_imiT R
OUT_RIPPLE = C (Vi - V. )+ ESR_COUT
toN=————x*IskiP_LIMIT out x(ViN-Vour
Vin —Vout o | )
KIP_LIMIT ~'LOAD
o Exlskip_Lmim SKIP_ 0
OFF1=——y —
ouT
IL
e lSOPAMT S S beeeeeeeeeeeoeenene oo ceeoe e oeeoeemeeoeeeoeemmeemmeemeemmeenes
777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 ILOAD
ton toFF1 toFF2 =N x tck
Vour
VOUT_RIPPLE

Figure 1. Skip Mode Waveform
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Compensation Design Guidelines
The MAX15112 uses a fixed-frequency, peak current-
mode control scheme to provide easy compensation
and fast transient response. The inductor peak current
is monitored on a cycle-by-cycle basis and compared to
the COMP voltage (output of the voltage error amplifier).
The regulator’'s duty cycle is modulated based on the
inductor’s peak current value. This cycle-by-cycle con-
trol of the inductor current emulates a controlled current
source. As a result, the inductor’s pole frequency is shift-
ed beyond the gain bandwidth of the regulator. System
stability is provided with the addition of a simple series
capacitor-resistor from COMP to GND. This pole-zero
combination serves to tailor the desired response of the
closed-loop system. The basic regulator loop consists of
a power modulator (composed of the regulator’'s pulse-

width modulator, compensation ramp, control circuitry,
MOSFETs, and inductor), the capacitive output filter and
load, an output feedback divider, and a voltage-loop
error amplifier with its associated compensation circuitry.
See Figure 2 for a graphical representation. The power
modulator’s transfer function with respect to Vcomp is:

R xI
Vour _"LOAD XL =RLoaD *GmoD
Veowmp [ I ]

GmoD

where I is the average inductor current, Gpmop is the
power modulator’s transconductance, and R pap is the
equivalent load resistance value.

+
10A\/EA(dB)/2O
Rout =
ouT
I

REF

*“Crr IS OPTIONAL, DESIGNED TO EXTEND THE REGULATOR'S
GAIN BANDWIDTH AND INCREASED PHASE MARGIN FOR SOME
LOW-DUTY CYCLE APPLICATIONS.

FEEDBACK ERROR AMPLIFIER POWER MODULATOR QUTPUT FILTER
DIVIDER AND LOAD
COMPENSATION y
Vour A RAMP IN
+
ame
C FB
R1 Fr _
COMP
VB >
& *o— - Vout
+
Vcowp CONTROL | [ & 7~ Ar lour
-~ LOGIC
COMPARATOR S L0AD
R2 N Rour Re
= / COUT:I:
T s ==
= = — Voomp % Vour
\/ I
L

NOTE: THE Gyviop STAGE SHOWN ABOVE MODELS THE AVERAGE CURRENT OF THE INDUCTOR, I,
INJECTED INTO THE OUTPUT LOAD, lour, €.g., IL = louT.

SUCH CAN BE USED TO SIMPLIFY/MODEL THE MODULATION/CONTROL/POWER STAGE
CIRCUITRY SHOWN WITHIN THE BOXED AREA.

Figure 2. Peak Current-Mode Regulator Transfer Model
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The peak current-mode controller’s modulator gain is
attenuated by the equivalent divider ratio of the load
resistance and the current-loop gain. Gpop becomes:

’
RLoaD

14+ ZLOAD Ko x(1-D)-0.5
gL (s x(1-D)-08]

where RLoaD = Vout/louT(MAx), fSw is the switching
frequency, L is the output inductance, D is the duty cycle
(VouTt/VIN), and Ks is the slope compensation factor
calculated as:

GmoD =9mC %

VsLope * fsw xLxgmc

KS:1+
VIN - Vout

where Vg opg = 130mV and gpc = 80A/V.

The power modulator’'s dominant pole is a function of the
parallel effects of the load resistance and the current-
loop gain’s equivalent impedance. Assuming that ESR
of the output capacitor is much smaller than the parallel
combination of the load and the current loop, fppmoD can
be calculated as:

1 , _[Ksx(1-D)-0.5]
2nxCoyt xRLoap  2mxfsw xLxCour

femop =

The power modulator zero is:

1

f —f -
ZMOD = 'ZESR 2nx Coyt xESR

The total system transfer can be written as:
GAIN(s) = GFr(8) x Gga(S) * Gmop(PC)
xGFILTER(S) X GsAMPLING(S)
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where:

_ R2 y SCFFR1+1
~ R1+R2 " sCpr(R1IIR2) +1

_ 1nAVEA(dB)/20 sCcRg +1
Gea(s)=10 8 AVEA(dB)/20
10
sCo| 10

Grr(s)

9m

GriLTer(s) =RLoaD
SCOUTESR +1

-1
1 +KS><(1-D)-O.5 "
2n xR oaD 2n x fgy xL

X

SCOUT[

’
GSAMPLING(S) =— +1
S S

2+
(mxfoy)® TxfswxQc
’
nx[Kgx(1-D)-0.5]

where Qg =

The dominant poles and zeros of the transfer loop gain
are:

am
27:x C o x 10AVEA(GB)20

]
1 +KS><(1—D)—O.5J_1
RLoaD fow xL

f

]
~ 2rnxCcRg
oo 1

22~ 2nxCouTESR

fp1 <<

fpo =

271 ¥ COUT(

f74

The order of pole occurrence is:

fp1<fra< fz1<fco< fp3< fz2
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Figure 3 shows a graphical representation of the asymp-
totic system closed-loop response, including the domi-

2) Select R¢ using the transfer-loop’s fourth asymptote
gain equal to unity (assuming fco > fp1, fpo, and fz4).

nant pole and zero locations. Rc becomes:

The loop response’s fourth asymptote (in bold, Figure 3)
is the one of interest in establishing the desired crossover
frequency (and determining the compensation compo- Rc
nent values). A lower crossover frequency provides for
stable closed-loop operation at the expense of a slower
load and line-transient response. Increasing the cross-

1+ RLOAD XKs[(1- D)-O5]
LXfSW
gm>x9mc *RLoap

R1+R2 {
= X
R2

1

over frequency improves the transient response at the
(potential) cost of system instability. A standard rule of

x 2nxfcoxCoyt x |[ESR+

1, Kgl(1-D)-0.5]

thumb sets the crossover frequency < 1/5 to 1/10 of the RLoAD L x fow

switching frequency.
gireq y where Kg is calculated as:

Closing the Loop: Designing

the Compensation Circuitry

1) Select the desired crossover frequency. Choose fco
equal to 1/10th of fgyy, or fco = 100kHz.

VsLope * fsw xLxgmc

Ks=1+
VIN - Vout

and gm = 1.1mS, gmc = 80A/V, and Vg opg = 130mV.

R2 x (R1+R2)-1x gy X Re X gy X Reoap X {1+ Ruoap x [Ks x (1 - D) — 0.5] x (L x fsw)-1}-1
x[(2nCout X {RLoaD + [Ks(1 —D) —0.5] x (L x fgw)-1}-1)-1x (0.5 x fow)2 X (2nf)-2

1ST ASYMPTOTE
@ R2 x (R1 +R2)-1 x 10AVEABY20 x g\ x Rigap X {1 + Ruoap X [Ks x (1 - D) — 0.5] x (L x fgw)-T}-1
* 2ND ASYMPTOTE
! . R2 x (R1+R2)-1x gy x (2xCc)-1 X gyc X Ruoap X {1+ Rioap X [Ks x (1= D) = 0.5] x (L x f)-1}-1
GAIN
3RD ASYMPTOTE
. . R2x (R1+R2)-1x gy x (2nCc)-1 x gy ¥ Rroap X {1 +Rroap X [Ks x (1= D) = 0.5] x (L x fow)-1}-1
x (2nCout X {RLoaD™T + [Ks(1 = D) = 0.5] x (L x fgu)-1}-1)-1
i 4TH ASYMPTOTE
h R2 x (R1+ R2)-1x gy x R X gy X RLoap X {1 + Roap x [Ks x (1 - D) - 0.51 x (L x fgw)-1}-1
| X (2nCoyt X {RLoap-1 + [Kg(1 - D) - 0.5] x (L x fgw)-1}-1)-1
]
! 3RDPOLE  2ND ZERO
| , 05xfsw  (2rCoutESR)-1
1 1
UNITY f——faeeeenn — : : : >
1ST POLE P ZZSTCZ%R(;.W ' ) i FREQUENCY
[27Co(10AVEA(GB)/20 1, \emuehic fco ' '
x gl i | |
' | |
2ND POLE ' ' 5THASYMPTOTE
fPmoD s
1
1

A

NOTE:
Rout = 10AVEA(dB)/20 X gM-W

*fpmoD = [2nCouT X (ESR + (RLoap™ + [KS(1 = D) = 0.5] x (L x fsw) '} )1

WHICH FOR 1 . 6TH ASYMPTOTE

ESR << {RLoaD™ + [Ks(1 = D) = 0.8] x (L x fsw) "} R2 x (R1+R2)-1 X gy X R X Oy X RLoap X {1+ Rioap X [Ks x (1 - D) — 0.5] x (L x fsw)-1}-1
BECOMES X ESR x {RLoap-1 + [Ks(1 = D) = 0.5] x (L x fgw)-1}-1 x (0.5-fgw)2 x (2xf)-2

fpmop = [2nCout X {RLoaD ™ + [KS(1 = D) = 0.5] x (L x fow) 1} 11

femop = (2eCout X RLoaD) " + [Ks(1 D) — 051 x (2nCout x L x fow)! \

Figure 3. Asymptotic Loop Response of Peak Current-Mode Regulator
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3) Select Cc. Cc is determined by selecting the desired
first system zero, fz4, based on the desired phase
margin. Typically, setting fzq below 1/5th of fco pro-
vides sufficient phase margin.

5
> -
€ 2nicoxRe

Optionally, for low duty-cycle applications, the addition
of a phase-leading capacitor (Cgr in Figure 2) helps miti-
gate the phase lag of the damped half-frequency double
pole. Adding a second zero near to but below the desired
crossover frequency increases both the closed-loop
phase margin and the regulator’'s unity-gain bandwidth
(crossover frequency). Select the capacitor as follows:

1

Cer =
P 2nxico x(R1 IR2)

Using Crgr, the zero-pole order is adjusted as follows:
fp1 < fpz < fz1 < 1/[27‘EC|:|:R1]
<1/[2nCrr (R111R2)] < fpg <o
Setting the Soft-Start Time
The soft-start feature ramps up the output voltage slowly,

reducing input inrush current during startup. Size the Cgg
capacitor to achieve the desired soft-start time, tgg, using:

laa xt
Css = SSV SS
FB

Iss, the soft-start current, is 10uA (typ) and VEg is the
0.6V (typ) output feedback voltage threshold. When
using large Coyt capacitance values, the high-side
current limit can trigger during the soft-start period. To
ensure the correct soft-start time, tss, choose Cgg large
enough to satisfy:

Vourt xlss
18A -1 oAD) * VFB

Css>>Cour * (

An external tracking reference with steady-state value
between 0V and (V| - 2.5V) can be applied to SS/REFIN.
In this case, connect an RC network from the external
tracking reference and SS/REFIN, as shown in Figure 4.
The recommended value for RSs is approximately 330Q.
Rgs is needed to ensure that, during hiccup period,
SS/REFIN can be pulled down internally.

Rss

VREF_EXT w

Css

SS/REFIN

AKXV
MAX15112

Figure 4. RC Network for External Reference at SS/REFIN

Design Examples
Table 1 provides values for various outputs based on the
typical operating circuit.

Table 1. Suggested Component Values (see the Typical Operating Circuits)

Vour (V) | L(uH) (\','I':ig/_’;\)l) (';,'IF’: (=Aé?/)) C15(pF) | R3(kQ) | Cl4(pF) | R1(kQ) R2 (kQ)
0.8 0.18 0.28 0.31 3300 5.23 22 0.74 2.21
1.2 0.22 0.29 0.35 3300 5.23 22 2.21 2.21
1.5 0.22 0.31 0.40 3300 5.23 22 3.32 2.21
1.8 0.22 0.31 — 3300 5.23 22 4.42 2.21
1.8 0.36 — 0.27 3300 5.23 22 4.42 2.21
25 0.22 0.23 — 3300 5.23 22 6.98 2.21
2.5 0.36 — 0.29 3300 5.23 22 6.98 2.21
3.3 0.36 — 0.26 3300 5.23 22 9.95 2.21
MK Maxim Integrated Products 20




MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Power Dissipation
The MAX15112 is available in a 24-bump WLP package
and can dissipate up to 2.15W at +70°C board tem-
perature. When the die temperature exceeds +150°C,
the thermal shutdown protection is activated (see the
Thermal Shutdown Protection section).

Layout Procedure
Careful PCB layout is critical to achieve clean and stable
operation. It is highly recommended to duplicate the
MAX15112 Evaluation Kit layout for optimum perfor-
mance. The MAX15112 EV kit board has a small, quiet,
ground-shape SGND on the back side below the IC. This
ground is the return for the control circuitry, especially
the return of the compensation components. This SGND
is returned to the IC ground through vias close to the
ground bumps of the IC. If deviation is necessary, follow
these guidelines for good PCB layout:

1) Connect a single ground plane immediately adjacent
to the GND bumps of the IC.

2) Place capacitors on IN and SS/REFIN as close as
possible to the IC and the corresponding pad using
direct traces.

3) Keep the high-current paths as short and wide as
possible. Keep the path of switching current short
and minimize the loop area formed by LX, the output
capacitors, and the input capacitors.

4) An electrolytic capacitor is strongly recommended for
damping when there is significant distance between
the input power supply and the MAX15112.

5) Connect IN, LX, and GND separately to a large copper
area to help cool the IC to further improve efficiency.

MAXIN

6) Ensure all feedback connections are short and direct.
Place the feedback resistors and compensation com-
ponents as close as possible to the IC.

7) Route high-speed switching nodes (such as LX and
BST) away from sensitive analog areas (such as FB
and COMP).

Ordering Information

PART TEMP RANGE PIN-PACKAGE

MAX15112EWG+ -40°C to +85°C 24 WLP

+Denotes a lead(Pb)-free/RoHS-compliant package.

Chip Information

PROCESS: BiCMOS

Package Information

For the latest package outline information and land patterns
(footprints), go to www.maxim-ic.com/packages. Note that a
“+7,“#”, or “-” in the package code indicates RoHS status only.
Package drawings may show a different suffix character, but
the drawing pertains to the package regardless of RoHS status.

PACKAGE | PACKAGE OUTLINE LAND
TYPE CODE NO. PATTERN NO.
24 WLP Refer to
(2.1mm x W242A3Z+1 21-0538 Application
3.05mm) Note 1891
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MAX15112

High-Efficiency, 12A, Current-Mode Synchronous
Step-Down Regulator with Integrated Switches

Typical Operating Circuits (continued)

PGOOD
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EN < 0.4V =OFF D5

CONNECT SKIP TO EN TO ENABLE SKIP MODE 5

CONNECT SKIP TO GND FOR PWM MODE
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SMALL-SIGNAL GND (SGND)
20-MIL TRACE ON THE BOTTOM THAT CONNECTS TO PGND ONLY ON
COMPONENT LAYER AT VIA NEXT TO U1.

REMOTE SENSE GND (RGND)
TRACE TO REMOTE SENSE THE GND VOLTAGE AT THE LOAD.
CONNECT TO PGND ONLY AT THE LOAD.

POWER GND (PGND)
TOP LAYER GND FLOQD, SYSTEM GND.
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High-Efficiency, 12A, Current-Mode Synchronous
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Revision History

REVISION REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 6/11 Initial release —

Updated the Features, Package Thermal Characteristics, Absolute
Maximum Ratings, DC Electrical Characteristics; Starting into a Prebiased 1-4 12 14 20 21
Output, Inductor Selection, Setting the Soft-Start Time, and Power T
Dissipation sections.

1 9/11

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max limits) shown in the Electrical
Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.
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Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

O View MAX15112EWG+T on WIN SOURCE

@ Iﬁnalog Devices Inc] Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management


https://www.win-source.net/products/detail/analog-devices-inc/analog-devices-inc.-max15112ewg-t.html
https://www.win-source.net/manufacturer/analog-devices-inc

