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MAX15048/MAX15049

Triple-Output Buck Controllers
with Tracking/Sequencing

General Description

The MAX15048/MAX15049 are triple-output pulse-width
modulated (PWM), step-down, DC-DC controllers with
tracking (MAX15048) and sequencing (MAX15049)
options. The devices operate over the 4.7V to 23V input-
voltage range. Each PWM controller provides an adjustable
output down to 0.6V and delivers up to 15A of load current
with excellent load and line regulation. The MAX15049 can
start into prebiased outputs. The MAX15048/MAX15049
are optimized for high-performance, small-size power-
management solutions.

The options of coincident or ratiometric tracking (MAX15048)
or output sequencing (MAX15049) allow the tailoring of
the power-up/power-down sequence depending on the
system requirements. Each of the MAX15048/MAX15049
PWM sections utilizes a voltage-mode control scheme with
external compensation, allowing for good noise immunity
and maximum flexibility with a wide selection of inductor
values and capacitor types. Each PWM section operates at
the same fixed switching frequency that is programmable
from 200kHz to 1.2MHz. Each converter, operating at up to
1.2MHz with 120° out-of-phase, increases the input capaci-
tor ripple frequency up to 3.6MHz, reducing the RMS input
ripple current and thus the size of the input bypass capaci-
tor significantly. The MAX15048/MAX15049 integrate boost
diodes for additional system cost savings.

The MAX15048/MAX15049 include internal undervolt-
age lockout (UVLO) with hysteresis and digital soft-start
(MAX15048/MAX15049)/soft-stop (MAX15048) for glitch-
free power-up and power-down of the converter. The
power-good circuitry (PGOOD) monitors all three outputs
and provides a power-good signal to the system control/
processor when all outputs are within regulation. Protection
features include lossless valley-mode current limit, hiccup
mode output short-circuit protection, and thermal shutdown.

The MAX15048/MAX15049 are available in space-saving,
5mm x 5mm, lead-free, 32-pin TQFN-EP packages and
are specified for operation over the -40°C to +85°C
extended temperature range.

Applications
Point-of-Load DC-DC Converters

ASIC/CPU/DSP Core and /O Voltages

DDR Power Supply

Base-Station Power Supplies

Telecom and Networking Power Supplies
RAID Control Power Supplies

Set-Top Boxes

Features
4.7V to 23V or 5V +10% Input Voltage Range

Triple-Output Synchronous Buck Controllers with
120° Out-of-Phase Operation

Prebias Power-Up (MAX15049)
Output Voltage Adjustable Down to 0.6V
Coincident/Ratiometric Tracking (MAX15048)

Accurate Sequencing Through Enable Threshold
(MAX15049)

External Compensation for Maximum Flexibility

Digital Soft-Start (MAX15048/MAX15049) and Soft-
Stop (MAX15048)

4 Lossless Valley-Mode Current Sensing Using
Rps(oN) of the Low-Side MOSFET

PGOOD Output
4 Integrated Bootstrap Diodes

¢ Programmable Switching Frequency from 200kHz
to 1.2MHz

4 Thermal Shutdown and Hiccup Mode Short-Circuit
Protection

4 Space-Saving (5mm x 5mm), 32-Pin TQFN
Package
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Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX15048ETJ+ -40°C to +85°C 32 TQFN-EP*
MAX15049ETJ+ -40°C to +85°C 32 TQFN-EP*

+Denotes a lead(Pb)-free/RoHS-compliant package.
*EP = Exposed pad.

Simplified Typical Operating

Circuit (Coincident Tracking)
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For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.
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MAX15048/MAX15049

Triple-Output Buck Controllers
with Tracking/Sequencing

ABSOLUTE MAXIMUM RATINGS

IN, LX_tO SGND ..o -0.3V to +30V
BST_t0 SGND .....oooiiiiiiiiiicceee e -0.3V to +30V
BST_ 10 LX it -0.3V to +6V
REG, DREG_, EN_, RT to SGND ....-0.3V to +6V
PGOOD, FB_, COMP_1t0 SGND .......c..ccoovvveiieannn. -0.3V to +6V
DL_to PGND_.......coooviviiiiiiiiiie -0.3V to (VDREG_ + 0.3V)
DH_ 10 LX_ coiiiiiiiiiiieeece -0.3V to (VBST_ + 0.3V)
PGND to SGND, PGND_

to Any Other PGND_.......coociiiiiiiiiiiiics -0.3V to +0.3V

Continuous Power Dissipation (TA = +70°C)
32-Pin TQFN (derate 34.5mW/°C above +70°C)...2758.6mW
Junction-to-Case Thermal Resistance (6JC)

(NOEE 1) e 2°C/W
Junction-to-Ambient Thermal Resistance (6JA)

(NOE 1) oo 29°C/W
Operating Junction Temperature Range ........... -40°C to +85°C
Maximum Junction Temperature..............ccocceeeviineninns +150°C
Storage Temperature Range...........c.ccocceevee -60°C to +150°C
Lead Temperature (soldering, 10S) ... ....cooovviiininnnnn. +300°C

Soldering (reflow) ........cccooevvviiiiiiiiiies e +260°C

Note 1: 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 www.maximintegrated.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 =12V or VIN = VREG = 5V, VDREG_ = VREG, VPGND_ = 0V, CREG = 2.2uF, RRT = 39.2kQ, Ta = -40°C to +85°C, unless otherwise

noted. Typical values are at Ta = Ty = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS

SYSTEM SPECIFICATIONS
4.7 23

Input Voltage Range VIN VIN = VREG = VDREG.. (Note 3) 15 55 \
'T”h‘:;;tsggger\’o”age'mcm“t VUVLO  |VIN rising 4.0 4.2 4.4 v
In ndervol -Lock
HSSLJtthéS(iJISe oltage-Lockout 03 v
Operating Supply Current VIN = 12V, VFB_ = 0.8V 6 9 mA
Shutdown Supply Current VIN = 12V, EN_ = 0, PGOOD unconnected 100 200 uA
VOLTAGE REGULATOR (REG)
Output-Voltage Set Point VREG VIN = 6V to 23V 4.75 5.25 Vv
Load Regulation IREG = 0 to 60mA, VIN = 6V 0.2 V
BOOTSTRAP SWITCH
Internal Boost Switch Resistance VBST,LX = 5V 3 Q
TRANSCONDUCTANCE ERROR AMPLIFIER/DIGITAL SOFT-START/-STOP
FB_ Input Bias Current -1 +1 pA
FB_ Voltage Set Point VFB_ 0.594 0.600 0.606 Vv
FB_to COMP_ Transconductance 2.0 mS
COMP_ Output Swing 0.75 3.5 \
Open-Loop Gain 80 dB
Unity-Gain Bandwidth 10 MHz
Soft-Start/-Stop Duration 2048 Clocks
Reference Voltage Steps 64 Steps
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MAX15048/MAX15049

Triple-Output Buck Controllers
with Tracking/Sequencing

ELECTRICAL CHARACTERISTICS (continued)
(VIN =12V or VIN = VREG = 5V, VDREG_ = VREG, VPGND_ = 0V, CREG = 2.2uF, RRT = 39.2kQ, TA = -40°C to +85°C, unless otherwise
noted. Typical values are at Ta = Ty = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
OSCILLATOR
Switching Frequency Range fsw minimum, VRT = 0.5V 200
fsw - kHz
(Each Converter) fsw maximum, VRT = 3V 1200
Switching Frequency Accuracy _ o
(Each Converter) fsw = 500kHz 4 +4 %
Phase Delay DHA1 r!s!ng to DH2 rising and DH2 rising to 120 Degrees
DH3 rising
RT Current VRT = 0.5V to 3V 315 32 325 pA
Minimum Controllable On-Time TON(MIN) 75 ns
Minimum Off-Time tOFF(MIN) 300 ns
PWM Ramp Amplitude (p-p) 1.0 \
PWM Ramp Valley 1.2 \
DRIVERS
DL_, DH_ _
Break-Before-Make Time CLOAD = 2nF 35 ns
) Low, sinking 100mA 0.8
DH1 On-Resistance . ; Q
High, sourcing 100mA 2.4
) Low, sinking 100mA 0.8
DH2 On-Resistance . ; Q
High, sourcing 100mA 2.4
Low, sinking 100mA 0.8
DH3 On-Resistance W, ST Q
High, sourcing 100mA 2.4
) Low, sinking 100mA 0.6
DL1 On-Resistance - - Q
High, sourcing 100mA 2.4
) Low, sinking 100mA 0.6
DL2 On-Resistance - - Q
High, sourcing 100mA 2.4
) Low, sinking 100mA 0.6
DL3 On-Resistance - , Q
High, sourcing 100mA 2.4
CURRENT-LIMIT AND HICCUP MODE
Cycle-by-Cycle Valley L o
Current-Limit Threshold Viim TA=Ty=+25C 69 mv
Threshold Temperature o
Coefficient 3333 ppm/*C
Number of Cumulative
Current-Limit Events to Hiccup NeL 8 Events
Number of Consecutive
Noncurrent-Limit Cycles to NCLR 3 Events
Clear NcL
. ) Clock
Hiccup Timeout NHT 4096 periods
Maxim Integrated 3
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MAX15048/MAX15049

Triple-Output Buck Controllers
with Tracking/Sequencing

ELECTRICAL CHARACTERISTICS (continued)

(VIN =12V or VIN = VREG = 5V, VDREG_ = VREG, VPGND_ = 0V, CREG = 2.2uF, RRT = 39.2kQ, TA = -40°C to +85°C, unless otherwise

noted. Typical values are at Ta = Ty = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
ENABLE/PGOOD
EN_ Threshold VEN-TH |EN_rising 0.57 0.60 0.63 V
EN_ Threshold Hysteresis 46 mV
EN_ Input Bias Current -1 +1 pA
PGOOD Threshold FB_ rising 0.545 0.550 0.555 vV
PGOOD Hysteresis 30 mV
PGOOD Output Low Level Sinking 3mA 0.1 Vv
PGOOD Leakage VPGOOD = 5V -1 +1 pA
THERMAL SHUTDOWN
Thermal-Shutdown Temperature Temperature rising +160 °C
Thermal-Shutdown Hysteresis 20 °C

Note 2: 100% production tested at Ta = Ty = +25°C and Ta = Ty = +85°C. Limits at other temperatures are guaranteed by

design.

Note 3: For 5V applications, connect REG directly to IN.

(VIN = 12V, VDREG_ = VREG, VPGND_ = 0V, CREG = 2.2uF, RRT = 39.2kQ, Ta = +25°C, unless otherwise noted. See Figure 10.)
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MAX15048/MAX15049

Triple-Output Buck Controllers
with Tracking/Sequencing

(VIN = 12V, VDREG_ = VREG, VPGND_ = OV, CREG = 2.2uF, RRT = 39.2kQ, Ta = +25°C, unless otherwise noted. See Figure 10.)

3.330
3.328
3.325
3.323
3.320
3.318
3.315
3.313
3.310
3.308
3.305
3.303
3.300

OUTPUT VOLTAGE (V)

1200
1100

SWITCHING FREQUENCY (kHz)
w P o D -~ oo (<=} 5
88 8 8 8 8 8 8

200

15.60

30
2.8
2.6
2.4
2.2
2.0
1.8
1.6
14
12
1.0

ERROR AMP TRANSCONDUCTANCE (mS)

Maxim

CONVERTER 1 OUTPUT VOLTAGE
vs. LOAD CURRENT

MAX15048 toc04

ViN=5V

[—

!

Vin=12V

Voutt =3.3V]

0 05 10 15 20

LOAD CURRENT (A)

SWITCHING FREQUENCY vs. Rt

25 3

0

MAX15048 toc07

ViN=12V

3122 4684 6246

RRT (kQ)

ERROR AMP TRANSCONDUCTANCE
vs. TEMPERATURE

78.08

93.

70

Veomp_=2V

| Vrg_ =06V +0.02V

MAX15048 toc10

-40 -28 -15 -3 10 23 35 48 60 73 85

TEMPERATURE (°C)

Integrated

Downloaded from AFFOW.Com.

SWITCHING-FREQUENCY ACCURACY (%) OUTPUT VOLTAGE (V)

VALLEY CURRENT LIMIT (mV)

1.810
1.809
1.808
1.807
1.806
1.805
1.804
1.803
1.802
1.801
1.800

0.5
0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3
-0.4
-0.5

9
90
85
80
75
70
65
60
55
50
45
40

CONVERTER 2 OUTPUT VOLTAGE
vs. LOAD CURRENT

ViN=5V E
|
A
VIN = 12\‘/
Vour2=1.8
0 05 10 15 20 25 30
LOAD CURRENT (A)

SWITCHING-FREQUENCY ACCURACY
vs. TEMPERATURE

fow = 500kHz

IAX15048 toc08

-40 -28 -15 -3

10 23 35 48 60 73 85
TEMPERATURE (°C)

VALLEY CURRENT LIMIT
vs. TEMPERATURE

ViN=12V

MAX15048 toc11

-40 -28 -15 -3

10 23 35 48 60 73 85
TEMPERATURE (°C)

1.200
1.199
1.198
1.197
1.196
1.195
1.194
1.193
1.192
1.191
1.190

OUTPUT VOLTAGE (V)

5.10
5.05
5.00
4.95
4.90
4.85
4.80
475
470
4.65
4.60
4.55
4.50

REG OUTPUT VOLTAGE (V)

CONVERTER 3 OUTPUT VOLTAGE
vs. LOAD CURRENT

ViN=12V
|

1AX15048 toc06

T T
ViN=5V

Vouta=1.2V

0 1 2 3 4 5 6

LOAD CURRENT (A)

REG OUTPUT VOLTAGE
vs. INPUT VOLTAGE

IReG = 60mA

4.70 836 1202 1568

INPUT VOLTAGE (V)

DL1 AND DH1 PEAK
SOURCE-AND-SINK CURRENT

MAX15048 toc1.

19.34

CLoAD =I10nF _

:

200ns/div

MAX15048 toc09

Typical Operating Characteristics (continued)

23.00

IoL1
(1A/div)

IDH1
(1A/div)


http://www.arrow.com

MAX15048/MAX15049

Triple-Output Buck Controllers
with Tracking/Sequencing

Typical Operating Characteristics (continued)
(VIN = 12V, VDREG_ = VREG, VPGND_ = 0V, CReG = 2.2uF, RRT = 39.2kQ, Ta = +25°C, unless otherwise noted. See Figure 10.)

OPERATING SUPPLY CURRENT
vs. SWITCHING FREQUENCY RATIOMETRIC STARTUP (MAX15048)

MAX15048 toc1
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RATIOMETRIC TRACKING
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SWITCHING FREQUENCY (MHz)
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RATIOMETRIC SHUTDOWN (MAX15048) (RATIOMETRIC TRACKING)
A DSV e e 18
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ouT3 Vouta
ov ! Lot F ~ (1V/div)
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6 Maxim Integrated
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Triple-Output Buck Controllers
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with Tracking/Sequencing

Typical Operating Characteristics (continued)
(VIN = 12V, VDREG_ = VREG, VPGND_ = OV, CREG = 2.2uF, RRT = 39.2kQ, Ta = +25°C, unless otherwise noted. See Figure 10.)

5V/div
ov

1V/div

ov

1V/div

ov

4 1v/div

ov

2V/div

¢ I

| 1V/div

ov

VOUT! e

Vout2

Vouta

VEN1

Vourt

Vour2

Vouta I

CHANNEL 1 SHORT CIRCUIT
(COINCIDENT TRACKING)

MAX15048 toc20
o r—————

L WITH FIGURE 10 CONFIGURED

FOR COINCIDENT TRACKING (MAX15048)

1ms/div

SEQUENCING STARTUP

(MAX15049)

MAX15048 toc22

loutt =lout2 = lour3 = 0.1A

1ms/div

CHANNEL 1 SHORT CIRCUIT
(SEQUENCING)
T

MAX15048 toc2:

lout2 = lout3 = 0.1A

400ps/div

1V/div

ov

1V/div
ov

2V/div

1 0V
™ 1vdiv

1 0V

1V/div

ov

- 1V/div

ov


http://www.arrow.com

MAX15048/MAX15049

Triple-Output Buck Controllers
with Tracking/Sequencing

Typical Operating Characteristics (continued)
(VIN = 12V, VDREG_ = VREG, VPGND_ = 0V, CReG = 2.2uF, RRT = 39.2kQ, Ta = +25°C, unless otherwise noted. See Figure 10.)

120° OUT-OF-PHASE OPERATION VeB_vs. TEMPERATURE
i . — — i i MAX15.048.\0625 060250
A AR AN SAMAS SRR AR ] : T T T T §
: P DRIVERS SWITCHING :
bt _ NO OUTPUT LOAD H
60125 |- z
- y 10V/div A060 5 Viy=12V E
VX1 et ifomees ov £ 0.60000
R LRE RS e . = // —
N N . L N ¥ » < /
f— uf;m-_ﬂ ’7 | 1ovzaiv 05975
1. IR =<
v ’ ' - ov S
el JOER A R R £ 050750
j-e HH“ ﬂ n.mwmv =
VLXS M e, et e st et () 059625
b TR ORI T T 059500
Tps/div 40 28 15 -3 10 23 35 48 60 73 85
TEMPERATURE (°C)
CONVERTER 1 SHORT-CIRCUIT CONDITION
(HICCUP MODE) BREAK-BEFORE-MAKE TIMING
I . 5
v B FULLLOAD © - ¥F ¢
SN I : Do Co 5V/div
VOUT! oot e —————— LY
| ‘ R ‘ Voa
Vixi e " ? 10V/div oV
CUY RS . o RO R '
R S : VoL
VPGOOD  fomatmtommsmsascesspbmtmstnrssrtenmt] 1\ /iy
2us/div 20ns/div
STARTUP INTO PREBIASED OUTPUT
BREAK-BEFORE-MAKE TIMING (0.5V PREBIASED)
MAXWSIDM%mEZQ MAXTSOABLO'C_S'“_]
e Y 3 P
FULL LOAD : o . o
SYPUETOUT UV SUOUN SRS S S T O T I
2V/dW n;_ ....... OV
VLX1 . . . N r . . N
oV 1V/div
- 2vrdiv vourt |
VpL1
20ns/div 1ms/div
8 Maxim Integrated
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MAX15048/MAX15049
Triple-Output Buck Controllers
with Tracking/Sequencing

Typical Operating Characteristics (continued)
(VIN = 12V, VDREG_ = VREG, VPGND_ = OV, CREG = 2.2uF, RRT = 39.2kQ, Ta = +25°C, unless otherwise noted. See Figure 10.)

STARTUP INTO PREBIASED OUTPUT STARTUP INTO PREBIASED OUTPUT
(1.2V PREBIASED) (1.8V PREBIASED)
MAX1504813'C_3:_1 S— — - — MAX15.048. 10c32
. ey reererree T d
Vent " 5V/div Vent b S o 5V/div

ov ov
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bt

Jov 4 ov
1ms/div 1ms/div
LOAD-TRANSIENT RESPONSE LOAD-TRANSIENT RESPONSE
(lout1 = 1.5A TO 3A) (lout1 =0.1ATO 3A)
MAX15048 m:'—i:’é MAX15048 toc3:
ﬁ LA A R AR DA ""—""""
R waasanananats sus sy IENERIE ) . S
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Vou i
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MAX15048 toc35
T————
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Te————
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Triple-Output Buck Controllers
with Tracking/Sequencing

Pin Configuration

TOP VIEW o W =22 _ 8 _ -
& 23 a8 s x &
itz ot oo 1o 16 17
BST [ 25 | 16| Bt
o R
alai I ]
REC3 (28] yayssps o 1S cow
o3|} MAX15049 . 112 paoop
PGND3 |30} | - 11| compe
AN P
N 3j1, B ’1:0 B2
REG | 32 | P9 | EN2
RRnEnEn
£ 2 8 3 38 K £ £
23°E°53
TQFN
(5mm x 5mm)
*EXPOSED PAD.
Pin Description
PIN NAME FUNCTION
1 RT Oscillator Timing Resistor Connection. Connect a 15.6kQ to 93.75kQ resistor from RT to SGND to
program the switching frequency from 200kHz to 1.2MHz.
5 SGND Analog Ground. Connect SGND and PGND_ together at one point near the input bypass capacitor
return terminal.
3 PGND2 Controller 2 Power Ground. Connect the input filter capacitor’s negative terminal, the source of the
synchronous MOSFET, and the output filter capacitor’s return to PGND2.
4 DL2 Controller 2 Low-Side Gate-Driver Output. DL2 is the gate-driver output for the synchronous MOSFET.
5 DREG2 Controller 2 Low-Side Gate-Driver Supply. Connect externally to REG through a 1Q to 4.7Q resistor.
Connect a minimum of 0.22uF ceramic capacitor from DREG2 to PGND2.
6 X2 Controller 2 High-Side MOSFET Source Connection/Synchronous MOSFET Drain Connection.
Connect the inductor and the negative side of the boost capacitor to LX2.
7 DH2 Controller 2 High-Side Gate-Driver Output. DH2 drives the gate of the high-side MOSFET.
8 BST2 Controller 2 High-Side Gate-Driver Supply. Connect a 0.1uF ceramic capacitor from BST2 to LX2.
Controller 2 Enable/Tracking Input. See Figure 2. When tracking (MAX15048), connect the same
9 EN2 resistive voltage-divider used for FB2 from output 1 to EN2 to SGND for coincident tracking. Connect
EN2 to analog ground for ratiometric tracking. When sequencing (MAX15049), EN2 must be above
0.6V for PWM controller 2 to start.
10 FBo Controller 2 Feedback Regulation Point. Connect to the center tap of a resistive voltage-divider from
the converter output to SGND to set the output voltage. The FB2 voltage regulates to 0.6V (typ).
11 COMP?2 Controller 2 Transconductance Error-Amplifier Output. Connect COMP2 to the compensation

feedback network of output 2.

10
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Pin Description (continued)

PIN NAME FUNCTION
Controller Power-Good Output. Pull up PGOOD with a resistor to a positive voltage below 5.5V.

12 PGOOD For the MAX15048, PGOOD output releases when all three VFB_ voltages are above 0.55V. For the
MAX15049, PGOOD output releases when all three controllers are out of prebias and all three VFg_
voltages are above 0.55V.

Controller 1 Transconductance Error-Amplifier Output. Connect COMP1 to the compensation

13 COMP1
feedback network of output 1.

14 FB1 Controller 1 Feedback Regulation Point. Connect to the center tap of a resistive voltage-divider from
the converter output to SGND to set the output voltage. The FB1 voltage regulates to 0.6V (typ).
Controller 1 Enable Input. For tracking (MAX15048), EN1 must be above 0.6V, VEN-TH, for the PWM

15 ENA controller to start outputs 1, 2, and 3. Controller 1 is the master. Use the master as the highest output
voltage in a coincident tracking configuration. For the MAX15049, EN1 must be above 0.6V for the
PWM controller to start output 1.

16 BST1 Controller 1 High-Side Gate-Driver Supply. Connect a 0.1uF ceramic capacitor from BST1 to LX1.

17 DH1 Controller 1 High-Side Gate-Driver Output. DH1 drives the gate of the high-side MOSFET.

18 LX1 Controller 1 High-Side MOSFET Source Connection/Synchronous MOSFET Drain Connection.
Connect the inductor and the negative side of the boost capacitor to LX1.

19 DREG1 Controller 1 Low-Side Gate-Driver Supply. Connect externally to REG through a 1Q to 4.7Q resistor.
Connect a minimum of 0.22uF ceramic capacitor from DREG1 to PGND1.

20 DL1 Controller 1 Low-Side Gate-Driver Output. DL1 is the gate-driver output for the synchronous MOSFET.
Controller 1 Power Ground. Connect the input filter capacitor’s negative terminal, the source of the

21 PGND1 synchronous MOSFET, and the output filter capacitor’s return to PGND1. Connect to SGND at a
single point near the input capacitor return terminal.

Controller 3 Transconductance Error-Amplifier Output. Connect COMP3 to the compensation

22 COMP3
feedback network of output 3.

23 FB3 Controller 3 Feedback Regulation Point. Connect to the center tap of a resistive voltage-divider from
the converter output to SGND to set the output voltage. The FB3 voltage regulates to 0.6V (typ).
Controller 3 Enable/Tracking Input. See Figure 2. When tracking (MAX15048), connect the same

o4 EN3 resistive voltage-divider used for FB3 from output 1 to EN3 to SGND for coincident tracking. Connect
EN3 to analog ground for ratiometric tracking. When sequencing (MAX15049), EN3 must be above
0.6V for PWM controller 3 to start.

25 BST3 Controller 3 High-Side Gate-Driver Supply. Connect a 0.1uF ceramic capacitor from BST3 to LX3.

26 DH3 Controller 3 High-Side Gate-Driver Output. DH3 drives the gate of the high-side MOSFET.

o7 LX3 Controller 3 High-Side MOSFET Source Connection/Synchronous MOSFET Drain Connection.
Connect the inductor and the negative side of the boost capacitor to LX3.

o8 DREG3 Controller 3 Low-Side Gate-Driver Supply. Connect externally to REG through a 1Q to 4.7Q resistor.
Connect a minimum of 0.22uF ceramic capacitor from DREGS3 to PGND3.

29 DL3 Controller 3 Low-Side Gate-Driver Output. DL3 is the gate-driver output for the synchronous MOSFET.

30 PGND3 Controller 3 Power Ground. Connect the input filter capacitor’s negative terminal, the source of the
synchronous MOSFET, and the output filter capacitor’s return to PGNDS3.

31 N Supply Input Connection. Connect to an external voltage source from 4.7V to 23V. For 4.5V to 5.5V
input applications, connect IN and REG together.

32 REG 5V Regulator Output. Bypass with a 2.2uF ceramic capacitor to SGND.

— EP Exposed Pad. Solder the exposed pad to a large SGND plane to improve thermal dissipation.
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Functional Diagrams
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Functional Diagrams (continued)
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Functional Diagrams (continued)
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Functional Diagrams (continued)
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Detailed Description

The MAX15048/MAX15049 are triple-output, PWM, step-
down, DC-DC controllers with tracking and sequencing
options. The devices operate over the 4.7V to 23V or 5V
+10% input voltage range. Each PWM controller pro-
vides an adjustable output down to 0.6V and delivers up
to 15A of load current with excellent load and line regu-
lation. The MAX15049 can start into prebiased outputs.
This ensures the glitch-free output voltage power-up in
the case of parallel power modules. The MAX15048/
MAX15049 are optimized for high performance, small-
size power-management solutions.

Each of the MAX15048/MAX15049 PWM sections utilizes
a voltage-mode control scheme for good noise immunity
and offer external compensation, allowing for maximum
flexibility with a wide selection of inductor values and
capacitor types. The devices operate at a fixed switching
frequency that is programmable from 200kHz to 1.2MHz.
Each converter, operating at up to 1.2MHz with 120° out-
of-phase, increases the input capacitor ripple frequency
up to 3.6MHz, reducing the RMS input-ripple current
and the size of the input bypass capacitor requirement
significantly.

The MAX15048 provides either coincident tracking
or ratiometric tracking, and the MAX15049 provides
sequencing. This allows tailoring of the power-up/power-
down sequence depending on the system requirements.
The MAX15048/MAX15049 integrate boost diodes for
additional system cost savings.

The MAX15048/MAX15049 feature lossless valley-mode
current-limit protection through monitoring the voltage
drop across the synchronous MOSFET’s on-resistance.
The internal current source of these devices exhibits a
positive temperature coefficient to help compensate for
the MOSFET’s temperature coefficient.

The MAX15048/MAX15049 include internal UVLO with
hysteresis, digital soft-start, and soft-stop (the MAX15048
only) for glitch-free power-up and power-down of the
converter. The power-good circuitry (PGOOD) monitors
all three outputs and provides a PGOOD signal to a
system controller/processor indicating when all outputs
are within regulation. Protection features include lossless
valley-mode current limit, hiccup mode output short-
circuit protection, and thermal shutdown.

Internal Undervoltage Lockout (UVLO)
VIN must exceed the default UVLO threshold before any
operation can commence. The UVLO circuitry keeps the
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MOSFET drivers, oscillator, and all the internal circuitry
shut down to reduce current consumption. The UVLO
rising threshold is 4.2V with 300mV hysteresis.

Digital Soft-Start (MAX15048/MAX15049)/
Soft-Stop (MAX15048)/
Prebiased Output (MAX15049)
The soft-start feature of the MAX15048/MAX15049 allows
the load voltage to ramp up in a controlled manner, elimi-
nating output-voltage overshoot. Soft-start begins after
VIN exceeds the UVLO threshold and the enable input
is above 0.6V. The soft-start circuitry gradually ramps up
the reference voltage. This controls the rate of rise of the
output voltage and reduces input surge currents during
startup. The soft-start duration is 2048 clock cycles. The
output voltage is incremented through 64 equal steps.
The output reaches regulation when soft-start is com-
pleted, regardless of output capacitance and load.

For the MAX15048, soft-stop commences when the
enable input falls below 0.55V. The soft-stop circuitry
ramps down the reference voltage controlling the output
voltage rate of fall. The output voltage is decremented
through 64 equal steps in 2048 clock cycles.

The MAX15049 can start into a prebiased load. During
soft-start, both switches are kept off until the PWM com-
parator commands the first PWM pulse. Until then, the
converters do not sink current from the outputs. The first
PWM pulse occurs when the ramping reference voltage
increases above the FB_ voltage.

Internal Linear Regulator (REG)
REG is the output terminal of a 5V LDO powered from
IN, which provides power to the IC. Connect REG
externally to DREG_ to provide power for the low-side
MOSFET gate drivers. Bypass REG to SGND with a
minimum 2.2uF ceramic capacitor. Place the capacitor
physically close to the MAX15048/MAX15049 to provide
good bypassing. REG is intended for powering only
the internal circuitry and should not be used to supply
power to external loads. REG can source up to 60mA.
This current, IREG, includes quiescent current (IQ) and
gate-drive current (IDREG_):

IREG = lQ + [fsw xZ(QGHS_ + QGLS_)]

where QGHS_ and QGLS_ equal the total gate charge
of each of the respective high- and low-side external
MOSFETs at VGATE = 5V, fsw is the switching frequency
of the converter, and IQ is the quiescent current of the
device at the switching frequency.
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MOSFET Gate Drivers and
Internal Boost Switch
DREG_ is the supply input for the low-side MOSFET
driver. Connect DREG_ to REG externally. Every time
the low-side MOSFET switches on, high peak current
is drawn from DREG_ for a short time. Adding an RC
filter (1Q to 4.7Q and 220nF ceramic capacitors are
typical) from REG to DREG_ filters out these high-peak
currents. Alternatively, DREG_ can be connected to an
external source (VDREG-EXT). Note that the DREG_ volt-
age should be high enough to fully enhance the low-side
MOSFET. To avoid partial enhancing of the MOSFETSs,
use VDREG-EXT to set the UVLO externally using EN1.

BST_ supplies the power for the high-side MOSFET drivers.
The MAX15048/MAX15049 consist of an internal switch
between DREG_ and BST_ to boost DH_ voltage above
VIN, providing the necessary gate-to-source voltage to
turn on the high-side MOSFET. Connect a bootstrap
0.1uF or higher ceramic capacitor between BST_ and
LX_.

The high-side (DH_) and low-side (DL_) drivers drive the
gates of the external n-channel MOSFETs. The drivers’
1A peak source-and-sink-current capability provides
ample drive for the fast rise and fall times of the switch-
ing MOSFETSs. Faster rise and fall times result in reduced
switching losses.

The gate-driver circuitry also provides a break-before-
make time (35ns typ) to prevent shoot-through currents
during transition.

MAX15048 Coincident/
Ratiometric Tracking (EN_)
The enable input (EN_) in conjunction with digital soft-
start and soft-stop provide coincident/ratiometric track-
ing. Track an output voltage by connecting a resistive
voltage-divider from the output being tracked to the
enable/tracking input. For example, for VouUTt2 to coin-
cidentally track VouUT1, connect the same resistive
voltage-divider used for FB2 from OUT1 to EN2
to SGND. See Figure 2 and the Typical Operating
Characteristics (Coincident Tracking).

Track ratiometrically by connecting EN_ to SGND. This
synchonizes the soft-start and soft-stop of all the control-
lers’ references, and hence their respective output volt-
ages track ratiometrically. See Figure 2 and the Typical
Operating Characteristics (Ratiometric Tracking).

For the MAX15048, the output short-circuit fault situa-
tions at master or slave outputs are handled carefully

Maxim Integrated
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so that either the master or slave output does not stay
on when the other outputs are shorted to ground. When
the slave is shorted and enters in hiccup mode, both
the master and the other slave soft-stop. When the
master is shorted and the part enters hiccup mode, the
slaves ratiometrically soft-stop. Coming out of the hic-
cup, all outputs soft-start coincidently or ratiometrically
depending on their initial configuration. See the Typical
Operating Characteristics for the output behavior dur-
ing the fault conditions. During the thermal shutdown or
power-off when the input falls below its UVLO, the output
voltages fall down at a rate depending on the respective
output capacitor and load.

See Figure 1 for a graphical representation of coinci-
dent/ratiometric tracking (MAX15048) or sequencing
(MAX15049).

Vouri

Vour2

Vouts

SOFT-START SOFT-STOP
a) COINCIDENT TRACKING OUTPUTS

Voutt

Vour2

Vouts

SOFT-START SOFT-STOP

b) RATIOMETRIC TRACKING OUTPUTS

Vourt

Vour2
Vouts

SOFT-START

¢) SEQUENCED OUTPUTS*

*THE FALLING EDGES OF THE MAX15049 DEPEND ON THE LOAD CURRENT.

Figure 1. Graphical Representation of Coincident Tracking,
Ratiometric Tracking (MAX15048), or Sequencing (MAX15049)
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MAX15049 Output-Voltage

Sequencing (EN_)

In Figure 1c¢, when sequencing, the enable input must be

above 0.6V for each PWM controller to start. The VOUT_

outputs and EN_ inputs can be daisy-chained to gener-

ate power sequencing. See Figure 2 and the Typical

Operating Characteristics (VOUT_ to EN_ Sequencing).

Alternately, connect a resistive voltage-divider from the

voltage to be sequenced from the enable input to SGND
to set when each controller should start.

Error Amplifier
The output of the internal transconductance error ampli-
fier (COMP_) is provided for frequency compensation
(see the Compensation Design Guidelines section). FB_
is the inverting input and COMP_is the output of the error

amplifier. The error transamplifier has an 80dB open-
loop gain and a 10MHz GBW product. See the Typical
Operating Characteristics for a plot of gain and phase
vs. frequency.

Output Short-Circuit

Protection (Hiccup Mode)

The current-limit circuit employs a valley current-limiting
algorithm that uses the synchronous MOSFET's on-
resistance as the current-sensing element. The current-
limit threshold is internally set at 69mV (typ). Once the
high-side MOSFET turns off, the voltage across the
current-sensing element is monitored. If this voltage
does not exceed the current-limit threshold, the high-
side MOSFET turns on normally at the start of the next
cycle. If the voltage exceeds the current-limit threshold

RATIOMETRIC COINCIDENT
TRACKING TRACKING SEQUENCING
VIN VIN VIN
EN1 EN1 EN1
EN2 —_| Vouri ®
— Vout ——— EN2
Ra Re
EN3 —_l_ EN2 EN3
= R Rp
— Voo ———— EN3
Vourz Vouts
Ra Re
FB2 FB3
R Rp
MAX15048 MAX15048 MAX15049

Figure 2. Ratiometric Tracking, Coincident Tracking (MAX15048), and Sequencing (MAX15049) Configurations
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INITIATE HICCUP
CURRENT LIMIT iy COUNTOF8 »|  TIMEOUT
Net NHT

CLR

p IN COUNT OF 3
> NCLR

CLR

Figure 3. Hiccup-Mode Block Diagram

just before the beginning of a new PWM cycle, the con-
troller skips that cycle. During severe overload or short-
circuit conditions, the switching frequency of the device
appears to decrease because the on-time of the low-side
MOSFET extends beyond a clock cycle.

If the current-limit threshold is exceeded for more than
eight cumulative clock cycles (NCL), the device shuts
down (both DH_ and DL_ are pulled low) for 4096 clock
cycles (hiccup timeout) and then restarts with a soft-
start sequence. If three consecutive cycles pass without
a current-limit event, the count of NCL is cleared (see
Figure 3). Hiccup mode protects the circuit against a
continuous output short circuit.

Thermal-Overload Protection
The MAX15048/MAX15049 feature an integrated ther-
mal-overload protection with temperature hysteresis.
Thermal-overload protection limits the total power dis-
sipation in the device and protects it in the event of an
extended thermal-fault condition. When the die tempera-
ture exceeds +160°C (typ), an internal thermal sensor
shuts down the device, turning off the power MOSFETs
and allowing the die to cool. After the die temperature
falls by +20°C (typ), the part restarts with a soft-start
sequence.

Design Procedure

Setting the Switching Frequency
Connect a 15.625kQ to 93.75kQ resistor from RT to
SGND to program the switching frequency from 200kHz
to 1.2MHz. Calculate the switching frequency using the
following equation:

fsw (kHz) = 12.8 x RRT (kQ)

Higher switching frequencies allow designs with
lower inductor values and less output capacitance.
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Consequently, peak currents and I2R losses are lower
at higher switching frequencies, but core losses, gate-
charge currents, and switching losses increase.

Effective Input Voltage Range
Although the MAX15048/MAX15049 converters can
operate from input supplies ranging from 4.7V to 23V,
the input voltage range can be effectively limited by the
duty-cycle limitations for a given output voltage. The
maximum input voltage is limited by the minimum on-
time (tON(MIN)):

Vour
WNWAmS—————;r—
toNMIN) * Tsw

where tON(MIN) is 75ns.

The minimum input voltage is limited by the maximum
duty cycle and is calculated using the following equa-
tion:

Vour_
1-(torrming * fsw)

ViNMINY =

where tOFF(MIN) typically is equal to 300ns.

Inductor Selection
Three key inductor parameters must be specified for
operation with the MAX15048/MAX15049: inductance
value (L), inductor saturation current (ISAT), and induc-
tor series resistance (DCR). The minimum required
inductance is a function of operating frequency, input-to-
output voltage differential, and the peak-to-peak inductor
current (Alp-p). Higher Alp-p allows for a lower inductor
value. A lower inductance value minimizes size and
cost and improves large-signal and transient response.
However, efficiency is reduced due to higher peak cur-
rents and higher peak-to-peak output-voltage ripple for
the same output capacitor. A higher inductance increas-
es efficiency by reducing the ripple current; however,
resistive losses due to extra wire turns can exceed the
benefit gained from lower ripple current levels, especial-
ly when the inductance is increased without also allow-
ing for larger inductor dimensions. A good rule of thumb
is to choose Alp-p equal to 30% of the full load current.
Calculate the inductance using the following equation:

_ - Your_(Vin-Vour_)
VIN xfgw x Alp_p

VIN and VOUT_ are typical values so that efficiency is
optimum for typical conditions. The switching frequency
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(fsw) is programmable between 200kHz and 1.2MHz
(see the Setting the Switching Frequency section). The
peak-to-peak inductor current (Alp-p), which reflects
the peak-to-peak output ripple, is worst at the maximum
input voltage. See the Output-Capacitor Selection sec-
tion to verify that the worst-case output current ripple is
acceptable. The inductor saturation current (ISAT) is also
important to avoid runaway current during continuous
output short-circuit conditions. Select an inductor with an
ISAT specification higher than the maximum peak cur-
rent. Inductor parasitic resistance (DCR) causes copper
losses and affects efficiency. Select a low-loss inductor
having the lowest possible DCR that fits in the allocated
dimensions.

Input-Capacitor Selection
The discontinuous input current of the buck converter
causes large input-ripple currents, and therefore, the
input capacitor must be carefully chosen to withstand
the input-ripple current and keep the input-voltage
ripple within design requirements. The 120° ripple phase
operation increases the frequency of the input capacitor
ripple current to thrice the individual converter switching
frequency. When using ripple phasing, the worst-case
input-capacitor ripple current is when only one converter
with the highest output current is on.

The input-voltage ripple comprises AVQ (caused by the
capacitor discharge) and AVESR (caused by the ESR of
the input capacitor). The total voltage ripple is the sum of
AVQ and AVESR, which peaks at the end of the on cycle.
Calculate the input capacitance and ESR required for a
specified ripple using the following equations:

ESR = AVesr
Alp.p
ILoADMAX) + 5
| VouTt_
LOAD(MAX) X Vi
CiN=
(AVQ + fsw)
where:
(Vin-Vourt_)xVourt_
Alp.p =

V|N XfSW x L
ILOAD(MAX) is the maximum output current, Alp-p is the

peak-to-peak inductor current, and fsw is the switching
frequency.
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For the condition with only one converter on, calculate
the input-ripple current using the following equation:

\/VOUT_ x(Vin-Vour_)
VIN

lcIN(RMS) =ILoADMAX) *

The MAX15048/MAX15049 include UVLO hysteresis to
avoid possible unintentional chattering during turn-on.
Use additional bulk capacitance if the input source
impedance is high. At lower input voltage, additional
input capacitance helps avoid possible undershoot
below the UVLO threshold during transient loading.

Output-Capacitor Selection
The allowed output-voltage ripple and the maximum
deviation of the output voltage during load steps deter-
mine the required output capacitance and its ESR. The
steady-state output ripple is mainly composed of AVQ
(caused by the capacitor discharge) and AVESR (caused
by the voltage drop across the ESR of the output capaci-
tor). The equations for calculating the output capaci-
tance and its ESR are:

Alpp
Cour =
8 X AVQ X fSW
AV
ESR=—ESR
Alp.p

AVESR and AVQ are not directly additive since they are
out of phase from each other. If using ceramic capaci-
tors, which generally have low ESR, AVQ dominates. If
using electrolytic capacitors, AVESR dominates.

The allowable deviation of the output voltage during fast-
load transients also affects the output capacitance, its
ESR, and its ESL. The output capacitor supplies the load
current during a load step until the controller responds
with a greater duty cycle. The response time (tRESPONSE)
depends on the gain bandwidth of the converter (see the
Compensation Design Guidelines section). The resistive
drop across the output capacitor’s ESR, the drop across
the capacitor’'s ESL, and the capacitor discharge causes
a voltage droop during the load-step (ISTEP). Use a com-
bination of low-ESR tantalum/aluminum electrolytic and
ceramic capacitors for better load-transient and voltage-
ripple performance. Nonleaded capacitors and capaci-
tors in parallel help reduce the ESL. Keep the maximum
output-voltage deviation below the tolerable limits of the
electronics being powered.
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Use the following equations to calculate the required
ESR, ESL, and capacitance value during a load step:

ESR = 2VESR
lsTEP

| xt
STEP * LRESPONSE
Cour =
AVq

Est = AVesL ¥ tsTEP
lsTEP

1
3><fco

tRESPONSE =

where ISTEP is the load step, tSTEP is the rise time of the
load step, tRESPONSE is the response time of the con-
troller, and fCcoO is the closed-loop crossover frequency
of system (see the Compensation Design Guidelines
section).

Setting the Current Limit
The MAX15048/MAX15049 use a valley current-sense
method for current limiting. The valley current-limit
threshold (VLIM) is internally set at 69mV (typ).

The voltage drop across the low-side MOSFET due to its
on-resistance is used to sense the inductor current. The
voltage drop (VWALLEY) across the low-side MOSFET at
the valley point and at ILOAD is:

Alp.p
VvaLLey =Rpson) * lLoapmax) = —5 )

RDS(ON) is the on-resistance of the low-side MOSFET,
ILOAD is the rated load current, and Alp-p is the peak-to-
peak inductor current.

The RDS(ON) of the MOSFET varies with temperature.
Calculate the RDs(ON) of the MOSFET at its operating
junction temperature at full load using its data sheet. To
compensate for this temperature variation, the current-
limit circuitry has a temperature coefficient of 3333ppm/°C.
This allows the valley current-limit threshold (VLIM) to
track and partially compensate for the increase in the
RDS(ON) of the synchronous MOSFET with increasing
temperature.
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Power-MOSFET Selection
When choosing the n-channel MOSFETSs, consider the
total gate charge, RDS(ON), power dissipation, the
maximum drain-to-source voltage, and package thermal
impedance. The product of the MOSFET gate charge
and on-resistance is a figure of merit, with a lower num-
ber signifying better performance. Choose MOSFETSs that
are optimized for high-frequency switching applications.
The average gate-drive current from the MAX15048/
MAX15049s’ output is proportional to the frequency and
gate charge required to drive the MOSFET. The power
dissipated in the MAX15048/MAX15049 is proportional
to the input voltage and the average drive current (see
the Power Dissipation section).

Compensation Design Guidelines
The MAX15048/MAX15049 use a fixed-frequency, volt-
age-mode control scheme that regulates the output
voltage by differentially comparing the “sampled” out-
put voltage against a fixed reference. The subsequent
“error” voltage—that appears at the error-amplifier output
(COMP_)—is compared against an internal ramp voltage
to generate the required duty cycle of the pulse-width
modulator. A 2nd-order lowpass LC filter removes the
switching harmonics and passes the DC component of
the pulse-width-modulated signal to the output. The LC
filter, which has an attenuation slope of -40dB/decade,
introduces 180° out-of-phase shift at frequencies above
the LC resonant frequency. This phase shift, in addi-
tion to the inherent 180° of phase shift of the regulator’s
self-governing (negative) feedback system, poses the
potential for positive feedback. The error amplifier and
its associated circuitry are designed to compensate for
this instability in order to achieve a stable closed-loop
system.

The basic regulator loop consists of a power modula-
tor (comprising the regulator's pulse-width modulator,
associated circuitry, and LC filter), an output feedback
divider, and an error amplifier. The power modulator has
a DC gain set by VIN/VRAMP, with a double pole and a
single zero set by the output inductance (L), the output
capacitance (CouT), and its ESR. A second, higher fre-
guency zero also exists, which is a function of the output
capacitor's ESR and ESL, though only taken into account
when using very high-quality filter components and/or
frequencies of operation.
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Below are equations that define the power modulator:

ViN
VRaMP

Gmob(pe) =

1

B 2nx,\JLxCoyt

1

fle

f =
ZERO.ESR = 5 ESRxCout
FSR
fzERO, ESL = e ESL

The switching frequency is programmable between
200kHz and 1.2MHz using an external resistor at RT.
Typically, the crossover frequency (fcO), which is the
frequency when the system’s closed-loop gain is equal
to unity, crosses the 0dB axis, and should be set at or
below 1/10 the switching frequency (fsw/10) for stable,
closed-loop response.

The MAX15048/MAX15049 provide an internal transcon-
ductance amplifier with its inverting input and its output
available to the user for external frequency compensation.
The flexibility of external compensation for each con-
verter offers wide selection of output-filtering components,

especially the output capacitor. For cost-sensitive appli-
cations, use aluminum electrolytic capacitors; for space-
sensitive applications, use low ESR tantalum or multilayer
ceramic chip (MLCC) capacitors at the output. The higher
switching frequencies of the MAX15048/MAX15049 allow
the use of MLCC as the primary filter capacitor(s).

First, select the passive and active power compo-
nents that meet the application’s output ripple, compo-
nent size, and component cost requirements. Second,
choose the small-signal compensation components to
achieve the desired closed-loop frequency response
and phase margin as outlined below.

Closed-Loop Response and Compensation

of Voltage-Mode Regulators

The power modulator’s LC lowpass filter exhibits a vari-

ety of responses, depending on the value of L and C
(and their parasitics).

One such response is shown in Figure 4a. In this exam-
ple, the power modulator's uncompensated crossover
is approximately 1/6 the desired crossover frequency,
fco. Note also, the uncompensated rolloff through 0dB
plane follows the double-pole, -40dB/decade slope and
approaches 180° of phase shift, indicative of a poten-
tially unstable system. Together with the inherent 180° of
phase delay in the negative feedback system, this can
lead to near 360°, or “positive” feedback—an unstable
system.
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Figure 4a. Power Modulator Gain and Phase Response (Large, Bulk CouT)
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The desired (compensated) rolloff follows a -20dB/
decade slope (and commensurate 90° of phase shift),
and, in this example, occurs at approximately six times
the uncompensated crossover frequency, fcO. In this
example, a Type Il compensator provides stable closed-
loop operation, leveraging the +20dB/decade slope of
the capacitor’s ESR zero (see Figure 4b).

The Type Il compensator’s midfrequency gain (approxi-
mately 18dB shown here) is designed to compensate for
the power modulator’s attenuation at the desired cross-
over frequency, fcO (GE/A + GMOD = 0dB at fcQ). In this
example, the power modulator’s inherent -20dB/decade

rolloff above the ESR zero (fZERO, ESR) is leveraged to
extend the active regulation gain bandwidth of the volt-
age regulator. As shown in Figure 4b, the net result is a
six-time increase in the regulator’'s gain bandwidth while
providing greater than 75° of phase margin (the differ-
ence between GE/A and GMOD respective phases at
crossover, fCO).

Other filter schemes pose their own problems. For
instance, when choosing high-quality filter capacitor(s)
(e.g., MLCCs) and inductor, with minimal parasitics, the
inherent ESR zero can occur at a much higher frequency,
as shown in Figure 4c.
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Figure 4b. Power Modulator (Large, Bulk Cout) and Type Il Compensator Responses
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As with the previous example, the actual gain and phase
response is overlaid on the power modulator's asymp-
totic gain response. It is readily observed that the more
dramatic gain and phase transition at or near the power
modulator’s resonant frequency, fLC, vs. the gentler
response of the previous example. This is due to the
component’s lower parasitics leading to the higher fre-
quency of the inherent ESR zero of the output capacitor.
In this example, the desired crossover frequency occurs
below the ESR zero frequency.

In this example, a compensator with an inherent midfre-
quency double-zero response is required to mitigate the
effects of the filter’'s double-pole. Such is available with
the Type Il topology.

As demonstrated in Figure 4d, the Type llI's midfrequen-
cy double-zero gain (exhibiting a +20dB/decade slope,
noting the compensator’s pole at the origin) is designed
to compensate for the power modulator’'s double-pole
-40dB/decade attenuation at the desired crossover fre-
quency, fco (again, Ge/A + GMOD = 0dB at fcQ).

In the above example, the power modulator’s inherent
(midfrequency) -40dB/decade rolloff is mitigated by
the midfrequency double-zero’s +20dB/decade gain to
extend the active regulation gain bandwidth of the volt-
age regulator. As shown in Figure 4d, the net result is an
approximate doubling in the regulator’s gain bandwidth
while providing greater than 60° of phase margin (the
difference between Gg/aA and GMOD respective phases
at crossover, fCO).
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Figure 4d. Power Modulator (High-Quality Cout) and Type Ill Compensator Responses
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Design procedures for both Type Il and Type Il compen-
sators are shown below.

Type Il: Compensation when fco > fZERO, ESR

When the fZEROQ, ESR is lower than fCcO and close to fLC,
a Type Il compensation network provides the neces-
sary closed-loop response. The Type Il compensation
network provides a midband compensating zero and
high-frequency pole (see Figures 5a and 5b).

RFCF provides the midband zero fMID, ZERO, and RFCCF
provides the high-frequency pole. Use the following proce-
dure to calculate the compensation network components:

1) Calculate the fZERO, ESR and LC double pole, fLC:
B 1
2nxESRxCoyt

fzER0, ESR

1

fm =
LC 2nx\JLxCoyT

COMP_
Ro VREF

Figure 5a. Type Il Compensation Network
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(dB)
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GmopVRerVout_-1RF GmOoDVREFVoUT_-1(wCF)-! S
-- | e
1ST POLE 1ST ZERO ONDPOLE ~ ©(rad/s)
(ATORIGIN)  (RfCp)-1 (RECeF)-1

Figure 5b. Type Il Compensation Network Response
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2) Select the unity-gain crossover frequency as:

fsw
frn < SW
cO<=5

3) Determine RF from the following:

VrB_ xVIN x9mop *ESR

Re

Note: RF is derived by setting the total loop gain at cross-
over frequency to unity, e.g., Ge/a(fco) x Gmobp(fco)
= 1V/V. The transconductance error-amplifier gain is
Ge/A(fco) = gMoD x RF, while the modulator gain is:

VlN « ESR « VFB_
VRamp 2rnxfcoxL  Vout.

Gmobn(fco) =

The total loop gain can be expressed logarithmically as
follows:

ESR x VlN X VFBL
(2 XTX fco X L) X VOUT_ X VRAMP

=0dB

20 x Iog10[gMR,:] +20 ><|Og1ol:

where VRAMP is the peak-to-peak ramp amplitude equal
to 1.2V:

4) Place a zero at or below the LC double pole, fLC:

1

Cp = ———
2n xR xfi ¢

5) Place a high-frequency pole at or below fp = 0.5 x fsw:

1

Crp = —
CF nxRE xfgyw

6) Choose an appropriately sized R1 (connected from
OUT_to FB_, start with a 10kQ). Once R1 is selected,
calculate R2 using the following equation:

VrB

RZ =R~| X—
Vout_ - VrB_

where VFB_ = 0.6V.
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Type lil: Compensation when fco < fZERO, ESR

As previously indicated, the position of the output capac-
itor’s inherent ESR zero is critical in designing an appro-
priate compensation network. When low-ESR ceramic
output capacitors are used, the ESR zero frequency
(fzERO, ESR) is usually much higher than unity crossover
frequency (fcO). In this case, a Type Il compensation
network is recommended (see Figure 6a).

As shown in Figure 6b, Type Ill compensation network
introduces two zeros and three poles into the control
loop. The error amplifier has a low-frequency pole at
the origin, two zeros, and higher frequency poles. The
locations of the zeros and poles should be such that the
phase margin peaks at fCO.

Set the ratios of fco-to-fz and fp-to-fco equal to five:

[fco _fp :5J
fz  fco

to get approximately 60° of phase margin at fco.
Whichever technique is used, it is important to place the
two zeros at or below the double pole to avoid the con-
ditional stability issue.

Vout_ Cor

:

COMP
._
Ro VREF

Figure 6a. Type Il Compensation Network
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(dB)
N 4TH ASYMPTOTE
N
3RD ASYMPTOTE
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Figure 6b. Type Ill Compensation Network Response
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Use the following procedure to calculate the compensa-
tion network components:

1) Select a crossover frequency, fCo:

fsw
f <20
co =7,

2) Calculate the LC double-pole frequency, fLC :
1

fm =
LC 2nx\JLxCouyT

3) Select RF > 10kQ.
4) Place a zero:

74 at0.75xf ¢

:271:><R|:><CF

where:
_ 1
2nxRE x0.75x 1 ¢

Cr

5) Calculate Cj for a target unity-gain crossover frequency,
fc:

C ZanCOXLXCOUTXVRAMP
I =
ViINxRF

Note: C| is derived by setting the total loop gain at cross-
over frequency to unity, e.g. Ge/a(fco) x GmoD(fco) =
1V/V. The total loop gain can be expressed logarithmi-
cally as follows:

20><|Og1o|:2>< TEXfCO XRF ><C|:|+

Gmob(oo) —0dB

20><Iog10 5
(2xmxfco)” xLxCout

6) Place a second zero, fz2, at or below fL.C, thereby
determining R1:
y

R{=——
27‘c><f22><C|

7) Placeapole (fp1 = ) at or below fZERO, ESR:

.
2n xR xCj
1

R =
2nxfzer0, ESR %X C
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oo 1 Typical Operating Circuits
8) Place a second pole (_P2 2nxRgxCgp ) at or Figure 7 shows the MAX15048 coincident tracker.
below one-half the switching frequency: Figure 8 is the MAX15048 ratiometric tracker and
Cre — 1 Figure 9 is the MAX15049 sequencer. Figure 10 shows
CF= nx fow xRE the evaluation kit schematic configured for the MAX15049
(sequencer).
9) Calculate R2 using the following equation:
V
Rp =Ryx—— o=
Vout_-VrB_

where VFB_ = 0.6V.
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Figure 7. MAX15048 Coincident Tracker Typical Operating Circuit
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Figure 8. MAX15048 Ratiometric Tracker Typical Operating Circuit
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Figure 10. Evaluation Kit Schematic Configured for the MAX15049 (Sequencer)
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PWM Controller
Applications Information

Power Dissipation
The 32-pin TQFN thermally enhanced package can
dissipate up to 2758.6mW. Calculate power dissipation
in the MAX15048/MAX15049 as a product of the input
voltage and the total REG output current (IREG). IREG
includes quiescent current (IQ) and the total gate-drive
current (IDREG):

PD = VIN X IREG
IREG = IQ + [fsw x (QG1 + QG2
+ Qa3 + QG4 + QG5 + QGe)]
where QG1 to QGe comprise the total gate charge of the
low-side and high-side external MOSFETs, fsw is the
switching frequency of the converter, and IqQ is the qui-
escent current of the device at the switching frequency.
Use the following equation to calculate the maximum

power dissipation (PDMAX) in the chip at a given ambient
temperature (TA):

PDMAX = 34.5 x (150 - TA)YmMW

PCB Layout Guidelines
Use the following guidelines to lay out the switching volt-
age regulator:
1) Place the IN, REG, and DREG_ bypass capacitors
close to the MAX15048/MAX15049.
2) Minimize the area and length of the high-current
loops from the input capacitor, upper switching

MOSFET, inductor, and output capacitor back to the
input capacitor negative terminal.

Chip Information

PROCESS: BiICMOS

maxim
integrated.

3) Keep the current loop formed by the lower switching
MOSFET, inductor, and output capacitor short.

4) Keep SGND and PGND_ isolated and connect them
at one single point close to the negative terminal of
the input filter capacitor.

5) Avoid long traces between the DREG_ bypass
capacitor, low-side driver outputs of the MAX15048/
MAX15049, MOSFET gate, and PGND_. Minimize
the loop formed by the DREG_ bypass capacitor,
bootstrap capacitor, high-side driver output of the
MAX15048/MAX15049, and upper MOSFET gates.

6) Place the bank of the output capacitors close to the
load.

7) Distribute the power components evenly across the
board for proper heat dissipation.

8) Provide sufficient copper area at and around the
switching MOSFETs and inductor to aid in thermal
dissipation.

9) Connect the MAX15048/MAX15049 exposed pad to
a large copper plane to maximize its power dissipa-
tion capability. Connect the exposed pad to SGND.
Do not connect the exposed pad to the SGND pin
directly underneath the IC.

10) Use 20z copper to keep the trace inductance
and resistance to a minimum. Thin copper PCBs
can compromise efficiency since high currents are
involved in the application. Also, thicker copper
conducts heat more effectively, thereby reducing
thermal impedance.

Package Information

For the latest package outline information and land patterns, go
to www.maximintegrated.com/packages. Note that a “+”, “#”,
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.
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