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Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

General Description Features

The MAX8513/MAX8514 integrate a voltage-mode ¢ Low-Cost DC-DC Controller with Two LDOs
PWM step-down DC-DC controller and two LDO con- ¢ Wide Input Range: 4.5V to 28V

trollers, a voltage monitor, and a power-on reset for the . o

lowest-cost power-supply and monitoring solution for ¢ 300kHz to 1.4MHz Adjustable Switching

xDSL modems, routers, gateways, and set-top boxes. Frequency

¢ Low Noise for High Data-Rate xDSL Applications

The DC-DC controller switching frequency can be set

with an external resistor from 300kHz to 1.4MHz, to allow 4 Synchronizable to External Clock

for the optimization of cost, size, and efficiency. For noise- ¢ Adjustable Soft-Start

sensitive applications, the DC-DC controller can also be . L.
synchronized to an external clock, minimizing noise inter- ¢ Lossless Adjustable Foldback Current Limit
ference. Operation above 1.1MHz reduces noise for high ¢ Power-On Reset with 140ms Delay

data-rate xDSL applications. An adjustable soft-start and ¢ Adjustable Input Power-Fail Warning for Dying
adjustable foldback current limit provide reliable startup

and fault protection. The DC-DC controller output voltage Gasp )

can be set externally to a voltage from 1.25V to 5.5V. ¢ Selectable Output-Voltage Sequencing or
Current limiting is accomplished by inductor current sens- Output-Voltage Tracking

ing for improved efficiency, or by an external sense resis-

tor for better accuracy. Ordering Information

The MAX8513/MAX8514s’ first LDO controller is

designed to provide a low-cost, high-current regulated PART TEMP RANGE PIN-PACKAGE
output from 0.8V to 5.5V using an N-channel MOSFET or MAX8513EE| -40°Cto +85°C 28 QSOP

a low-current output using a low-cost NPN transistor. The MAX8514EE| -40°C to +85°C 28 QSOP
MAX8513's second regulator can be used to generate MAX8514AE| 40°C 10 +125°C 28 QSOP

0.8V to 27V output with a low-cost PNP transistor. Both
LDO regulators can operate either from the DC-DC con-
troller output or from a higher voltage derived with a fly-
back overwinding on the DC-DC converter inductor. The Functional Diagram
MAX8514’s second LDO regulator is designed to pro-
vide a negative output with an NPN transistor.

regulation and stabilized.

ViN

A sequence input allows the outputs to either power up (4.5V 70 28V)
together, or for the DC-DC regulator to power up first AKX
and each LDO controller to power up in sequence. An MAX8513
input power-fail output (PFO) is provided for input ON

_ . . . . B . . OE,_ _ || \/OU'H
power-fail warning, such as in dying-gasp applications. S (1.25V T05.5V)
A power-on reset circuit with a 140ms delay is also oML LR A as
included to indicate when all outputs have achieved SYNG _‘{ T

Applications

OUTPUT
xDSL, Cable, ISDN Modems, and Routers POWER-ON RESET o [
: CONTROLLER 1
Wireless Routers ®

oy
Set-Top Boxes

(0.8VT0 Voury)
Automotive Dashboard Electronics

IHH

INPUT POWER- 0 P/TKJMS\:L
FAIL MONITOR =
CONTROLLER 2 I\ I
Pin Configurations appear at end of data sheet. ot E/OQg\TfTO )
L
MAXI/M Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX8513/MAX8514

Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

ABSOLUTE MAXIMUM RATINGS

IN, DRV3P, SUP2t0 GND........oooveiiiiiiiiiiiiice -0.3V to +30V
DRV2tOGND ..o -0.3V to (Vsup2 + 0.3V)
DRV3Nto GND..........cccocoes (VsupaN - 28V) to (VsupaN + 0.3V)
FREQ, PFI, PFO, POR, SUP3N, SYNC/EN,

CSP, CSNtOGND ....ooeiiiiiiiiiieccee -0.3V to +6V
VLtoGND .......ccvveee. -0.3V to the lesser of (VIN + 0.3V) or +6V
COMP1, FB1, FB2, FB3P, FB3N, REF, ILIM,

SS, SEQtOGND .....ooviiiiiiiiiiiccici -0.3Vto (VyL + 0.3V)
PVLIOPGND ..o -0.3V to +6V
DLtOPGND......oooiiiiiiiiiccce -0.3V to (VpyL + 0.3V)
BST 10 LX i -0.3V to +6V
DH 1O LX i -0.3V to (VBsT + 0.3V)

PGND t0 GND ..o -0.3Vto +0.3V
VL Short Circuit to GND ......ccooiviiiiiiiiiie Continuous
Continuous Power Dissipation (Ta = +70°C)

28-Pin QSOP (derate 10.8mW/°C above +70°C)......... 860mwW
Operating Temperature Range

MAX8513EEl, MAX8514EEl..........ccccooiiiin -40°C to +85°C

MAX8514AEl ... ...-40°C to +125°C
Junction Temperature...................
Storage Temperature Range ...............
Lead Temperature (soldering, 10S) ........cccoovviviiviiiiiennn. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VIN = Vix = Vsup2 = 12V, VpyL = VBST - Vi = VDR3P = 5V, VsupsN = 3.3V, VDRvaN = -5V, CyL = 4.7uF, CRer = 0.22uF, RFReQ =
15.0kQ, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
GENERAL
IN Operating Range 55 28.0 %
IN = VL 4.5 55
VFB1 = 1.3V, VFB2 = VFB3 = 1.0V, does not
IN Supply Current include switching current to PVL and BST, 2.6 3.2 mA
SYNC/EN = VL
IN Shutdown Current VSYNC/EN = 0, RFREQ = 50kQ 200 300 pA
VL REGULATOR
VL Output Voltage VIN = 6V to 28V, lyL = 0.1mA to 40mA 4.75 5 5.25 \
VL Dropout Voltage From IN to VL, VIN = 5V, Iy = 40mA 560 mV
VL Line Regulation VIN = 6V to 28V, Iy = BmA 0.05 %
VL Undervoltage Threshold VL rising, VHYST = 675mV (typ) 3.6 4.2 V
OUT1 (BUCK CONVERTER)
Output Voltage Range VouT1 (Note 1) 1.25 5.50 \
FB1 Regulation Threshold VEB1 1.234 1.25 1.259 Vv
R o o e
FB1 Input Bias Current IFB1_BIAS | VFB1 = 1.3V -200 +10 +200 nA
Error-Amplifier Gain Bandwidth 25 MHz
DH Output-Resistance High RDH_HIGH 15 2.55 Q
DH Output-Resistance Low RDH_Low 1.2 2.1 Q
DL Output-Resistance High RpL_HIGH 2.5 5 Q
DL Output-Resistance Low RpL_Low 0.7 1.3 Q
Driver Dead Time tat Starts from VpL = 1V or (VpH - VLX) = 1V 50 ns
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Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

ELECTRICAL CHARACTERISTICS (continued)

(VIN = VX = Vsupz2 = 12V, VpyL = VBST - VILX = VDRv3P = 5V, VsupaN = 3.3V, VpRvaN = -5V, CyL = 4.7uF, CRer = 0.22uF, RFREQ =

15.0kQ, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Tao = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
ViLm = 2.00V, Vcsn = 0to 5.5V 246 275 300
Current-Limit Threshold (Positive) Vcs ViLim = 0.50V, VesN = 0 to 5.5V 50 67 81 mV
Vium = VL, Vesn = 0 to 5.5V 151 170 188
o ViLim = 2.00V, Vcsn = 0 to 5.5V -333 =272 -199
%‘ergea”tit;:';“” Threshold Ves | ViLm = 0.50V, Vs = 010 5.5V 9 67 42 | mv
ViLim = VL, Vesn = 0 to 5.5V -210 -166 -122
CSP and CSN Bias Current Vcsp = VosN = 0 to 5.5V -120 +135 PA
ILIM Bias Current Vium = 1.25V -5.3 -5 -4.7 pA
SS Soft-Start Charge Current Vgg = 0.6V 15 25 35 pA
Soft-Start Discharge Resistance 100 200 Q
LX, BST, PVL Leakage Current Vix = ViN = 28V, Vs = 33V, Vpvi = 5V, 0.03 20 DA
VSYNC/EN = O
FB1 Power-On Reset Threshold 1.08 1.125 1.20 \
OUT2 (POSITIVE LDO)
SUP2 Operating Range Vsup2 (Note 1) 45 28.0 Vv
DRV2 Clamp Voltage VDRv2 VEB2 = 0.75V 7.75 9.00 V
SUP2 Supply Current 160 300 PA
SUP2 Shutdown Supply Current VSYNC/EN = 0 3 10 uA
FB2 Regulation Voltage VFB2 0.784 0.80 0.808 \
FB2 Input Bias Current IFB2 BIAS | VFB2 = 0.75V 0.01 100 nA
DRV2 Output Current Limit VIN =5V, VDRv2 = 5V, VFR2 = 0.77V 15 30 mA
Bir\i/fg%u;ﬁf‘sttg::”em Himit VIN = 6V, VDRV2 = 5V, Vfg2 = 0.70V 8 10 12 | mA
FB2 Power-On Reset Threshold 0.690 0.720 0.742 \
FB2 to DRV2 Transconductance Geco IDRV2 = +250pA, -250pA 0.12 0.2 0.36 S
OUT3P (POSITIVE PNP LDO) (MAX8513 ONLY)
DRV3P Operating Range VDRV3P 1 28 \
FB3P Regulation Voltage VDRv3P = 5V, IDRv3P = TMA 0.790 0.803 0.816 V
Efﬁ;é‘;? dz\éf:ntzrge's'gna' Gesp | VDRvaP = 5V, IDRVaP = 0.5mA to 5mA 038 06 14 s
Feedback Input Bias Current VEB3p = 0.75V 0.01 100 nA
Driver Sink Current VFBap = 0.75V DRVSP = 2.5V 15 % mA
DRV3P = 4.0V 40
FB3P POR Threshold 0.690 0.720 0.742 \
FB3P Soft-Start Period 1312 Clock
Cycles
MAXIW 3
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MAX8513/MAX8514

Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

ELECTRICAL CHARACTERISTICS (continued)

(VIN = VX = Vsup2 = 12V, VpyL = VBST - VILX = VDRv3P = 5V, VsupaN = 3.3V, VpRvaN = -5V, CyL = 4.7uF, Crer = 0.22uF, RFREQ =
15.0kQ, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Tao = +25°C.)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX UNITS
OUT3N (NEGATIVE NPN LDO CONTROLLER) (MAX8514 ONLY)
SUP3N Operating Range (Note 1) 1.5 55 Y
. VSuP3N VSUP3N
DRV3N Operating Range (Note 1) “o1v Y \
SUP3N Supply Current VDRV3N = 1.5V, VsupsN = 3.5V, 1.1 2 mA
IDRV3N = -1mA (source)
FB3N Regulation Voltage VDRVaN = 1.5V, VsupsN = 3.5V, -20 5 +10 mv
IDRV3N = -1mA (source)
FB3N to DRV3N Large-Signal Goan VDRv3N = 0, IDRV3N = -0.5mA to -5mA 0.295 0.36 0,550 S
Transconductance (source)
Feedback Input Bias Current VEB3N = -100mV 60 1000 nA
Driver Source Current VB3N = 200mV, VDRVSN =0, 13 25 mA
VsupaN = 3.5V
FB3N POR Threshold 450 500 550 mV
FB3N Soft-Start Period 2048 Clock
Cycles
REFERENCE
REF Output Voltage VREF -2UA < IREF < +50pA 1.231 1.25 1.269 \
OSCILLATOR
RFReQ = 10.7kQ £1% from FREQ to GND 1300 1390 1460
Frequency fs RFREQ = 15.0kQ £1% from FREQ to GND 933 985 1040 kHz
RFREQ = 50.0kQ +1% from FREQ to GND 260 290 324
FREQ Resistance-Frequency 150 MHz
Product ' x kQ
c RFreQ = 10.7kQ +1% from FREQ to GND 77 83 91
Maximum Duty Cycle _ S o
(Measured at DH Pin) RFREQ = 15.0kQ +1% from FREQ to GND 80 87 95 %
RFREQ = 50.0kQ +1% from FREQ to GND 93 96 99
Minimum On-Time o
(Measured at DH Pin) RFReEQ = 10.7kQ +1% from FREQ to GND 20 62 ns
SYNC/EN Pulse Width Low or high (Note 1) 200 ns
SYNC/EN input frequency needs to be
SYNC/EN Frequency Range within £30% of the value set at the FREQ 200 1850 kHz
pin (Note 1)
SYNC/EN Input Voltage, High 2.4 \
SYNC/EN Input Voltage, Low 0.8 \
SYNC/EN Input Current VsYNC/EN = 0 to 5.5V -1 +1 uA
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Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

ELECTRICAL CHARACTERISTICS (continued)

(VIN = VX = Vsupz2 = 12V, VpyL = VBST - VILX = VDRv3P = 5V, VsupaN = 3.3V, VpRvaN = -5V, CyL = 4.7uF, CRer = 0.22uF, RFREQ =
15.0kQ, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Tao = +25°C.)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS

SEQ, PFI, PFO, POR

SEQ Input-Voltage High 2.4 vV

SEQ Input-Voltage Low 0.8 \

SEQ Input Current Vseq = 0 to Vyi 1 10 pA
IPOR = 1.6mA 10 200

POR Output-Voltage Low xigg;\]\,/giio\f/—iggzyla’[i on |IPOR=0.1mA, 00 00 mv
ViN = 1.0V

POR Output Leakage Current YngBJlé\t/ig?wz’ and VFgap or VFBaN, in- 0.001 1 PA

POR Power-Ready Delay Time r(ar;ma\{i?r: iov%ingigr:?r?nzgrd\a/gizw n- 140 315 560 ms

PFI Input Threshold Falling, VHYST = 20mV 1.20 1.22 1.25 Vv

PFIl Input Bias Current VpF| = 1.0V 0.1 100 nA
[PFO = 1.6mA 20 200

PFO Output-Voltage Low PFl = 1.1V IFES = 0.1mA, mv
Vin = 1.0V 10 200

PFO Output Leakage Current PFl = 1.4V, PFO = 5V 0.001 1 pA

THERMAL PROTECTION

Thermal Shutdown Junction temperature rising +170 °C

Thermal-Shutdown Hysteresis 25 °C

ELECTRICAL CHARACTERISTICS

(VIN = VX = Vsupz2 = 12V, VpyL = VBST - VILX = VDRv3P = 5V, VsupaN = 3.3V, VpRvaN = -5V, CyL = 4.7uF, Crer = 0.22uF, RFREQ =
15.0kQ, Ta =-40°C to +125°C (Note 2), unless otherwise noted.)

PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN MAX | UNITS
GENERAL
) 55 28.0
IN Operating Range \
IN =VL 4.5 55
VEB1 = 1.3V, VFB2 = VF3 = 1.0V, does not
IN Supply Current include switching current to PVL and BST, 3.2 mA
SYNC/EN = VL
IN Shutdown Current VsYNC/EN = 0, RFREQ = 50kQ 300 PA
VL REGULATOR
VL Output Voltage VIN = 6V to 28V, Iy = 0.1mA to 40mA 4.75 5.25 \
VL Dropout Voltage From IN to VL, VIN = 5V, Iy = 40mA 610 mV
VL Undervoltage Threshold VL rising, VHYST = 675mV (typ) 3.6 4.2 \
N AXIW 5
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MAX8513/MAX8514

Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

ELECTRICAL CHARACTERISTICS (continued)

(VIN = VX = Vsupz2 = 12V, VpyL = VBST - VILX = VDRv3P = 5V, VsupaN = 3.3V, VpRvaN = -5V, CyL = 4.7uF, CRer = 0.22uF, RFReQ =
15.0kQ, Ta =-40°C to +125°C (Note 2), unless otherwise noted.)

PARAMETER | SYMBOL ‘ CONDITIONS MIN MAX | UNITS
OUT1 (BUCK CONVERTER)
Output Voltage Range VouT1 (Note 1) 1.25 5.50 \
FB1 Regulation Threshold VEB1 1.225 1.265
e B . o
FB1 Input Bias Current IFB1 BIAS | VFB1 = 1.3V -200 +200 nA
DH Output-Resistance High RDH_HIGH 2.55 Q
DH Output-Resistance Low RpH_Low 2.1 Q
DL Output-Resistance High RpL_HIGH 5 Q
DL Output-Resistance Low RpL_Low 1.3 Q
o ViLim = 2.00V, Vcsn = 0 to 5.5V 243 303
(%g;ii”vg'm't Threshold Vos | ViLm = 0.50V, Vs = 010 5.5V 49 83 mv
Vium = VWi, Vesn =010 5.5V 147 190
o ViLm = 2.00V, Vcsn = 0 to 5.5V -333 -199
(C:Nu;éea?\’;')rmt Threshold Ves | ViLm = 0.50V, Vosw = 0 to 5.5V -90 42 mv
ViLim = Vi, Vesn = 0to 5.5V -210 -122
CSP and CSN Bias Current Vesp = Vesn = 010 5.5V -120 +135 LA
ILIM Bias Current ViLim = 1.25V -5.7 -4.3 pA
SS Soft-Start Charge Current Vgg = 0.6V 15 35 uA
Soft-Start Discharge Resistance 200 Q
LX, BST, PVL Leakage Current Vix = ViN = 28V, VBST = 33V, VpvL = 5V, 20 LA
VSYNC/EN = 0
FB1 Power-On Reset Threshold 1.08 1.20 \
OUT2 (POSITIVE LDO)
SUP2 Operating Range Vsup2 (Note 1) 45 28.0 \Y
DRV2 Clamp Voltage VDRV2 VFB2 = 0.75V 7.75 9.00 Vv
SUP2 Supply Current 300 pA
SUP2 Shutdown Supply Current VSYNC/EN = 0 10 pA
FB2 Regulation Voltage VEB2 0.775 0.816 \Y
FB2 Input Bias Current IFB2_BIAS | VFB2 = 0.75V 150 nA
DRV2 Output Current Limit VIN = 5V, VDRv2 = 5V, VFB2 = 0.77V 12 mA
Bir\i/nzgosuc;ggsttg:tjrrem Limit VIN = 6V, VDRv2 = 5V, VF2 = 0.70V 8 12 mA
FB2 Power-On Reset Threshold 0.690 0.742 vV
FB2 to DRV2 Transconductance Gee IDRv2 = +250pA, -250pA 0.11 0.41 S
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Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

ELECTRICAL CHARACTERISTICS (continued)

(VIN = VX = Vsupz2 = 12V, VpyL = VBST - VILX = VDRv3P = 5V, VsupaN = 3.3V, VpRvaN = -5V, CyL = 4.7uF, CRer = 0.22uF, RFReQ =

15.0kQ, Ta =-40°C to +125°C (Note 2), unless otherwise noted.)

pin (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN MAX UNITS
OUT3P (POSITIVE PNP LDO) (MAX8513 ONLY)
DRV3P Operating Range VDRV3P 1 28 Vv
FB3P Regulation Voltage VDRV3P = 5V, IDRv3P = TMA 0.780 0.820 Vv
FB3P to DRV3P Large-Signal _ _
Transconductance Gesp VDRV3P = 5V, IDRV3P = 0.5mA to 5mA 0.3 1.4 S
Feedback Input Bias Current VEB3p = 0.75V 100 nA
Driver Sink Current VEB3p = 0.75V | DRV3P = 2.5V 15 mA
FB3P POR Threshold 0.690 0.742 \
OUT3N (NEGATIVE NPN LDO CONTROLLER) (MAX8514 ONLY)
SUP3N Operating Range (Note 1) 1.5 5.5 \
. VSuP3N VsupaN
DRV3N Operating Range (Note 1) Py 15y vV
VDRV3N = 1.5V, Vsypan = 3.5V,

P3N | 2 A
SUP3N Supply Current IDRV3N = -1MA (source) m
FB3N Regulation Voltage VDRVaN = 1.5V, VsupsN = 3.5V, -20 +10 mv

IDRV3N = -1mA (source)
FB3N to DRV3N Large-Signal Gean VDRV3N = 0, IDRv3N = -0.5mA to -5mA 0.295 0.550 S
Transconductance (source)
Feedback Input Bias Current VEB3N = -100mV 1500 nA
Driver Source Current VB3N =200mV, VDRVaN =0, 13 mA
VsupaN = 3.5V
FB3N POR Threshold 450 550 mV
REFERENCE
REF Output Voltage VREF -2UA < IREF < +50pA 1.22 1.27 V
OSCILLATOR
RFReEQ = 10.7kQ +1% from FREQ to GND 1300 1500
Frequency fs RFReEQ = 15.0kQ +1% from FREQ to GND 917 1070 kHz
RFREQ = 50.0kQ £1% from FREQ to GND 250 335
c RFReQ = 10.7kQ +1% from FREQ to GND 77 91
Maximum Duty Cycle ~ S o
(Measured at DH Pin) RFREQ = 15.0kQ +1% from FREQ to GND 80 95 %
RFREQ = 50.0kQ +1% from FREQ to GND 93 99
Minimum On-Time _ o
(Measured at DH Pin) RFReQ = 10.7kQ +£1% from FREQ to GND 62 ns
SYNC/EN Pulse Width Low or high (Note 1) 200 ns
SYNC/EN input frequency needs to be
SYNC/EN Frequency Range within £30% of the value set at the FREQ 200 1850 kHz

MAXIMN
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MAX8513/MAX8514

Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

ELECTRICAL CHARACTERISTICS (continued)

(VIN = VX = Vsupz2 = 12V, VpyL = VBST - VILX = VDRv3P = 5V, VsupaN = 3.3V, VpRvaN = -5V, CyL = 4.7uF, CRer = 0.22uF, RFReQ =
15.0kQ, Ta =-40°C to +125°C (Note 2), unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS
SYNC/EN Input-Voltage High 2.4 \
SYNC/EN Input-Voltage Low 0.8 \
SYNC/EN Input Current VSYNC/EN = 0 to 5.5V -1 +1 pA
SEQ, PFI, PFO, POR
SEQ Input-Voltage High 2.4 \
SEQ Input-Voltage Low 0.8 \
SEQ Input Current Vseq = 0 to VyL 10 uA

IPOR = 1.6mA 200

VFB1, VFB2, VFB3P,

POR Output-Voltage Low VEB3N out-of-regulation

5OE = mV
[POR = 0.1mA, 200
VIN = 1.0V

VFB1, VFB2, and VFB3p or VFB3N, in-

POR Output Leakage Current regulation 1 PA

POR Power-Ready Delay Time Z;Tlaxro E;‘ {ov%i”ﬁigfl ?%PDZ;ZEEZN‘ 40 560 ms

PFI Input Threshold Falling, VHYST = 20mV 1.20 1.25 V

PFI Input Bias Current VpF = 1.0V 300 nA
[PFO = 1.6mA 200

PFO Output-Voltage Low PFl = 1.1V IBFO = 0.1mA, mv
VIN = 1.0V 200

PFO Output Leakage Current PFl = 1.4V, PFO = 5V 1 pA

Note 1: Guaranteed by design, not production tested.
Note 2: Specifications to -40°C are guaranteed by design, not production tested.
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Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

Typical Operating Characteristics
(Circuit of MAX8513 evaluation kit, ViN = 12V, Ta = +25°C, fs = 1.4MHz, unless otherwise noted.)

EFFICIENCY vs. louT1

EFFICIENCY vs. INPUT VOLTAGE (lout2 = 0, lgyT3 = 0) Vour1 vs. lout1
100 5 100 N 3.35 — o
E i Vout2 = 2.5V AT 0.75A E
90 5 90 z 334 T vgurs = 12V AT 25mA 3
80 : & Pas 2 333 :
] // =ay | E
= 1 70 7 Vin=9V 332
S S
= 60 = %0 // = 331
= /R Ehl
= =
¥ M 2 —
th R (VLY ‘
30 30 3.28
20 | Vour1=33V, lout1=2A 20 397
Vout2 =25V, lout2 = 1.5A
10 | Vours = 12V, louts = 50mA 10 3.26
0 | L1 1 1 0 395
78 9 10 11 12 13 14 15 16 17 18 01 06 11 16 21 26 31 36 41 0 05 10 15 20 25 30 35 40
Vin (V) louT1 (A) lout (A)
Vour2 vs. lout2 Vours vs. lout3 Vout1 vs. ViN
255 — = 12.25 g 3.35 ——— o
Vout1 =3.3VAT1A ] ! Vout2 =2.5V AT 0.75A E
254 T Vgur3 =12V AT 25mA 3 1220 3 334 Tvgurs =12V AT 25mA =
3 3 | ]
253 H 1215 — £ 333 E
252 — 1210 ] = 332 lours =0
< 251 =1205 < 331
£ 250 £12.00 5 330
= = =
249 11.95 3.29 loutt = 3A
248 11.90 3.28
247 11.85 3.27
Vour1 =3.3VAT 1A
246 180 [ yomp = 25V AT 0.75A 32
245 1.75 —_— 325
0 02 04 06 08 10 12 14 0 5 10 15 20 25 30 35 40 45 50 7 8 9 10 11 12 13 14 15 16 17 18
lour2 (A) lours (mA) Vin (V)
OSCILLATOR FREQUENCY
Vout2 vs. VIN Vout3 vs. ViN vs. INPUT VOLTAGE
255 ———— 5 12.35 o 143 — =
Vour1 =3.3VAT 1A E Vout1 =3.3VAT 1A g RrreQ = 10.7kQ E
254 T\gurs =12V AT 25mA 3 1230 | vguro = 2.5V AT 0.75A 5 142 i 5
253 g 12.25 ‘ § ¥ g
lour2 =0 H \ : S 4 Th=-40°C +—1 Ta= +25°C =
252 —— 12.20 lout3 =0 > |
= 251 lout2=1.5A =1215 | g 140 ¥
= = =1 \ /
2 250 £12.10 2139
= = o«
249 12.05 louts = 50mA g 138
248 12.00 = - f
(&) R )
247 11.95 3 Ta=+85°C
246 1190 1.36
245 11.85 1.35
7 8 9 10 11 12 13 14 15 16 17 18 7 8 9 10 11 12 13 14 15 16 17 18 7 8 9 10 11 12 13 14 15 16 17 18
Vin (V) Vin (V) Vin (V)
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MAX8513/MAX8514

Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

Typical Operating Characteristics (continued)
(Circuit of MAX8513 evaluation kit, ViN = 12V, Ta = +25°C, fs = 1.4MHz, unless otherwise noted.)

OUTPUT1 LOAD-TRANSIENT RESPONSE OUTPUT3 LOAD-TRANSIENT RESPONSE
MAX8513/14 toc10 MAX8513/14 toc11
lout2 = 0.75A, lgyT3 = 25MA ] loutt = 1A, loyt2 = 0.75A
50mV/div v
H ouT1 . , e i e Vouri
w AC-COUPLED 50mV/div AC-COUPLED
) V
50mv/div Vour2 Somv/div AC-COUPLED
AC-COUPLED SomV/div fee® "
ey ——— VouTs Vours
100mV/div pemm==1 AC-COUPLED R R AC-COUPLED
—_— o
lout1 | louts
OA [ = 1/ SmA [ e ] SomAvdiv
40us/div 40us/div
SWITCHING WAVEFORMS
(ALL OUTPUTS AT FULL LOAD) SYNCHRONIZATION
MAX8513/14 toc12 MAX8513/14 toc13
P O v
lf- e LifL} DH
[ ; 10V/div ‘e s 0 g K I" = von
ov e ey oV e e e e e bl SV
I | VpL
.
oV Llu-h‘ E |||—l.|.|l SV/div o L] | [ = & K h
MBS PR AN | | | It VpL
E ix Ly 1 10V/div
o 1 10V/div oV [ —
! Vp2
{ (2%%[?5 el BB ol o B P
i v | L] 5v/div
ov e '; Ca— ov P" r-' ) r-'|
200ns/div Tus/div
PFO RESPONSE POR RESPONSE
MAX8513/14 toc14 MAX8513/14 toc15
P ———
| gg%iv ——— WR-
o 1 ‘ o 5V/div
| Vour
ViN ! 2V/div
5V/div o f——
| Vour2
oV [T e— SV/div
i Vour
o ey 2 \V/diV o fp— VOUT3
loutt = 2A, loyr2 = 1.5A, loytz = 50mA 10V/div
2ms/div 100ms/div
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Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

(Circuit of MAX8513 evaluation kit, ViN = 12V, Ta = +25°C, fs = 1.4MHz, unless otherwise noted.)

STAGGERED SEQUENCE (SEQ = GND)

MAX8513/14 toc16

TRACKING SEQUENCE (SEQ

=VL)

MAX8513/14 toc17

SYNC/EN

oV 2l | .: 5V/div

ov

: - Vours
} ] OV/diV
¥ | Voutt

| —

— i | 2V/div
| L i Vour2
:1!- . JI 2V/div

ov

2ms/div

OUTPUT1 SHORT CIRCUIT
(ALL OUTPUTS AT FULL LOAD)

MAX8513/14 toc18

4ms/div

OUTPUT1 SHORT CIRCUIT
(ALL OUTPUTS AT NO LOAD)

MAX8513/14 toc19

Vour
2V/div
ov
Vix
10V/div
ov

1L
2A/div

20us/div

OUTPUT RIPPLE AND HARMONICS

20us/div

MAX8513/14 toc20

(MEASURED AT 0UT1)
15 ‘
V=12V |
13 VouTt = 3.3V AT 2A
11 Vourz =2.5V AT 1.5A
Voura = 12V AT 50mA
09
g 0.7
505
o
= 03
0.1 {
01
03
05
100 1100 2100 3100 4100
FREQUENCY (kH2)
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Typical Operating Characteristics (continued)

SYNC/EN
5V/div

| Vours

5V/div
Vourt
2V/div
Vourz
2V/div

Voutt
2V/div

Vix
10v/div

It
2A/div
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MAX8513/MAX8514

Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

Pin Description

PIN

NAME MAX8513 | MAX8514 FUNCTION
Power-Fail Input. Connect PFI to an external resistive-divider between IN, PFl, and GND.
PFI 1 1 PFI senses V|N to detect voltage failure. Trip falling threshold at this input is 1.22V, with
20mV of hysteresis.
PFO 2 2 Power-Fail Output. Open-drain output that goes low if Vpf| < 1.22V.
DH 3 3 OUT1 High-Side Gate-Drive Output. DH drives the high-side N-channel MOSFET (Q1 in the
Typical Applications Circuits). DH is a floating driver output that swings from LX to BST.
% 4 4 OUT1 High-Side Driver Return Path. The high-side FET driver uses BST and LX for its
respective high and low-side supplies.
BST 5 5 OUT1 Boost Capacitor Connection for High-Side Gate Drive. Connect a 0.1uF ceramic
capacitor from BST to LX with a less than 5mm trace length.
OUT1 Low-Side Gate-Drive Output. DL drives the low-side N-channel MOSFET (Q2 in the
DL 6 6 ) o o .
Typical Applications Circuits). DL swings from 0 to VpyL.
PVL 7 7 OUT1 Gate-Drive Supply Bypass Connection. Connect PVL to VL through a 10Q resistor
(R15), and bypass PVL to PGND with a minimum 1uF capacitor (C1).
PGND 8 8 Power-Ground Connection and Low-Side Supply for DI Driver
Internal +5V Linear-Regulator Bypass Pin. Bypass VL to GND with a minimum 2.2uF
VL 9 9 ceramic capacitor (C10) and 5mm or less of trace length. VL should be connected to IN
when V|N < 5.5V.
COMP1 10 10 OUT1 Compensation Node. See the OUT1 Compensation section.
OUT1 Feedback Input. Connect a resistive-divider (R1, R2) from OUT1 to FB1 to GND to
FB1 11 11
regulate FB1 at 1.25V.
Oscillator Frequency-Set Input. A resistor from FREQ to GND sets the oscillator frequency
FREQ 12 12 from 300kHz to 1.4MHz (f = 16MHz x kQ / RFReQ). RFREQ is still required if an external clock
is used at SYNC/EN, and the SYNC/EN input frequency should be within +30% of the
frequency set by RFREQ.
REF 13 13 1.25V Reference Output. Connect a 0.1pF or larger ceramic capacitor (C9) from REF to GND.
GND 14 14 Analog/Signal Ground
OUT2 Feedback Input. Connect a resistive-divider (R5, R6) from OUT2 to FB2 to GND to
FB2 15 15
regulate FB2 to 0.8V.
DRV2 16 16 OUT2 Gate Drive. DRV2 connects to the gate of an external N-channel MOSFET to form a
positive linear voltage regulator.
SUP?2 17 17 Supply Input for DRV2. Connect to a voltage source of at least 1V above the maximum

desired DRV2 gate voltage.
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Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

Pin Description (continued)

PIN
NAME MAX8513 | MAX8514 FUNCTION
Connect to VL for output tracking. Connect to GND for output staggered sequence.
SEQ 18 18 Staggered sequence ramps up VouTe and VouTa softly to avoid glitches on the previous
voltage due to charging of the LDO’s output capacitors.
Shutdown Control and Synchronization Input. There are three operating modes:
e When SYNC/EN is low, the controller is off but the VL regulator is still running.
SYNC/EN 19 19 o ;V::SQSYNC/EN is high, the controller is enabled with the switching frequency set by
e When SYNC/EN is driven by an external clock, the controller is enabled and switches at
the external clock frequency.
N.C. 20 — No Connection. Not internally connected. Connect to GND or leave floating.
SUP3N o 20 OUT3N Base-Drive Supply. Connect SUP3N to any positive voltage between 1.5V and 5.5V
to provide power for the negative linear-regulator transistor driver.
DRV3P 1 . OUT3P Base Drive. Connect DRV3P to the base of an external PNP pass transistor to form a
positive linear voltage regulator.
DRV3N . o1 OUT3N Base Drive. Connect DRV3N to the base of an external NPN pass transistor to form
a negative linear voltage regulator.
Main Voltage Input (4.5V to 28V). Bypass IN to GND, close to the IC, with a minimum 1uF
IN 22 22 : ) . .
ceramic capacitor (C2). IN powers the linear regulator whose output is VL.
Power-On Reset. Open-drain output that goes high after all outputs reach the regulation
POR 23 23 . )
limit and a 315ms delay time has elapsed.
OUT3P Feedback Input. FB3P is referenced to 0.8V and connects to a resistive-divider
FB3P 24 — L
(R13, R14) to control a positive linear voltage regulator.
FB3N L o4 OUT3N Feedback Input. Connect a resistive-divider (R13, R14) from OUT1 to FB3N to
OUT3N to regulate FB3N to OV.
ILIM Set Input. Connect a resistive-divider (R17, R18) from OUT1 to ILIM to GND. See the
ILIM 25 25 . :
Current Limit section.
CSsP 26 26 Positive Current-Sense Input. Used to detect OUT1 current limit.
CSN 27 27 Negative Current-Sense Input. Used to detect OUT1 current limit.
Analog Soft-Start Control Input. This pin goes into the positive input of the VOUT 1's error
SS 28 28 amplifier. When the MAX8513/MAX8514 are turned on, SS is at GND and charges up to 1.25V
with a constant 25pA. Connect a capacitor (C13) from SS to GND for the desired soft-start time.

MAXIMN 13
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Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

ss BST
SYNC/EN 0 _DE DH
Q LX
PVL
VL
BIAS
SuA _+::::\____ DL
GND PGND
CSP
FREQ
CSN
SEQ
FB1
RROR
PFI | \\\AMﬁ:
COMP
PFO 1.25V

N

}7 J ILIM

SuP2

0.8V
FOR DRV2
e
N FB2
|— 0.8V *

Geap
REF DRV3P

REFERENCE N }_{

AKX FB3P
MAX8513 v

Figure 1. MAX8513 Functional Diagram
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Wide-Input, High-Frequency, Triple-Output Supplies
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SS BST

SYNC/EN DH
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PVL
VL
BIAS
DL
GND PGND
CSP
FREQ
CSN
SEQ
FB1
PFI
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— REFERENCE 0.8v
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Nl |
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| N L
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DRV3N

MAXIM _—
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Figure 2. MAX8514 Functional Diagram
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MAX8513/MAX8514

Wide-Input, High-Frequency, Triple-Output Supplies
with Voltage Monitor and Power-On Reset

Detailed Description

The MAX8513/MAX8514 combine a step-down DC-DC
converter and two LDOs, providing three output volt-
ages for xDSL modem and set-top box applications.
The switching frequency is set with an external resistor
connected from the FREQ pin to GND, and is
adjustable from 300kHz to 1.4MHz. The main step-
down DC-DC controller operates in a voltage-mode,
pulse-width-modulation (PWM) control scheme. The
MAX8513/MAX8514 include two low-cost LDO con-
trollers capable of delivering current from the DC-DC
main output, an extra winding, the input, or from an
alternate supply voltage. The first LDO controller drives
an external NMOS or NPN with a maximum drive of
7.75V. The second LDO controller provides either a
positive 0.8V to 27V output using an external PNP pass
device, or a negative -1V to -18V output with an exter-
nal NPN pass device.

DC-DC Controller
The MAX8513/MAX8514 step-down DC-DC converters
use a PWM voltage-mode control scheme. An internal
high-bandwidth (256MHz) operational amplifier is used
as an error amplifier to regulate the output voltage. The
output voltage is sensed and compared with an internal
1.25V reference to generate an error signal. The error
signal is then compared with a fixed-frequency ramp
by a PWM comparator to give the appropriate duty
cycle to maintain output-voltage regulation. At the ris-
ing edge of the internal clock and when DL (the low-
side MOSFET gate drive) is at 0V, the high-side
MOSFET turns on. When the ramp voltage reaches the
error-amplifier output voltage, the high-side MOSFET
latches off until the next clock pulse. During the high-
side MOSFET on-time, current flows from the input
through the inductor to the output capacitor and load.
At the moment the high-side MOSFET turns off, the
energy stored in the inductor during the on-time is
released to support the load. The inductor current
ramps down through the low-side MOSFET body diode.
After a fixed delay, the low-side MOSFET turns on to
shunt the current from its body diode for a lower voltage
drop to increase the efficiency. The low-side MOSFET
turns off at the rising edge of the next clock pulse, and
when its gate voltage discharges to zero, the high-side
MOSFET turns on after an additional fixed delay and
another cycle starts.

The MAX8513/MAX8514 operate in forced-PWM mode,
so even under light load the controller maintains a con-
stant switching frequency to minimize noise and possi-
ble interference with system circuitry.

16

Current Limit
The MAX8513/MAX8514s’ switching regulator senses
the inductor current either through the DC resistance of
the inductor itself for lossless sensing, or through a
series resistor for more accurate sensing. When using
the DC resistance of the inductor, an RC filter circuit is
needed (see R19, R20, and C14 of the Typical
Applications Circuits and the Current-Limit Setting sec-
tion). When peak voltage across the sensing circuit
(which occurs at the peak of the inductor current)
exceeds the current-limit threshold set by ILIM, the
controller turns off the high-side MOSFET and turns on
the low-side MOSFET. The inductor current ramps
down and DH turns on again if the inductor current is
below the current-limit threshold at the next clock
pulse. The MAX8513/MAX8514 current-limit threshold
can be set by two external resistors to be proportional
to the output voltage with an adjustable offset level,
providing foldback current-limit and short-circuit pro-
tection. This feature greatly reduces power dissipation
and prevents overheating of external components dur-
ing an indefinite short-circuit at the output. See the
Foldback Current Limit section for how to set ILIM with
external resistors. The current-limit threshold defaults to
170mV when ILIM is connected to VL, and in this case,
the current limit functions as a constant current limit
only. The LDO controllers do not have current limit and
rely on input current limit for protection.

Synchronous-Rectifier Driver (DL)
Synchronous rectification reduces the conduction loss
in the rectifier by replacing the normal Schottky catch
diode with a low-on-resistance MOSFET switch. The
MAX8513/MAX8514 also use the synchronous rectifier
to ensure proper startup of the boost gate-drive circuit.

High-Side Gate-Drive Supply (BST)
A flying-capacitor boost circuit (see D1 and C3 in the
Typical Applications Circuits) generates the gate-drive
voltage for the high-side N-channel MOSFET. On start-
up, the synchronous rectifier (low-side MOSFET, Q2)
forces LX to ground and charges the boost capacitor
(C3) to VvL - VDIoDE. On the second half-cycle, the
controller turns on the high-side MOSFET by closing an
internal switch between BST and DH. This boosts the
voltage at BST to VvL - VDIODE + VIN, providing the
necessary gate-to-source voltage to turn on the high-
side N-channel MOSFET.
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Internal 5V Linear Regulator
All MAX8513/MAX8514 functions (except for the posi-
tive output LDO with an NFET or NPN, and the negative
LDO on the MAX8514) are powered from the on-chip
low-dropout 5V regulator with its input connected to IN.
Bypass the regulator’s output (VL) with a 2.2uF or
greater ceramic capacitor. The VN to VyL dropout volt-
age is typically 350mV, so when V|N is greater than
5.5V, VyL is typically 5V. If VIN is between 4.5V and
5.5V, short VL to IN.

Undervoltage Lockout
If VyL drops below 3.8V, the MAX8513/MAX8514
assume that the supply voltage is too low to make valid
decisions. When this happens, the undervoltage lock-
out (UVLO) circuitry inhibits switching, forces POR and
PFO low, and forces DL and DH gate drivers low. After
VyL rises above 3.9V, the controller powers up the out-
puts (see the Startup section).

Startup
The MAX8513/MAX8514 start switching when Vy| rises
above the 3.9V UVLO threshold. However, the con-
troller is not enabled unless all three of the following
conditions are met:

1) VyL exceeds the 3.9V UVLO threshold.

2) The internal reference exceeds 90% of its nominal
value.

3) The thermal limit is not exceeded.

Once the MAX8513/MAX8514 assert the internal enable
signal, the step-down controller starts switching and
enables soft-start. The soft-start circuitry gradually ramps
up to the reference voltage to control the rate-of-rise of
the step-down controller and reduce input surge cur-
rents. The soft-start period is determined by the value of
the capacitor from SS to GND (C13 in the Typical
Applications Circuits). SS sources a constant 25pA to
charge the soft-start capacitor to 1.25V.

Output-Voltage Sequencing
The MAX8513/MAX8514 can power up in either stag-
gered-output sequencing or output tracking. For stag-
gered-output sequencing, connect SEQ to GND. In this
configuration, VouTt1 comes up first. When it reaches
90% of the nominal regulated value, VouT2 is softly
turned on. Once VouT2 reaches 90% of its nominal regu-
lated value, VouT3s is softly turned on. Individual soft-start

MAXIMN

on OUT2 and OUT3 eliminates glitches on the previous
stages due to the charging of output capacitors. See the
Typical Operating Characteristics section for the startup
and staggered-output-sequence waveforms.

Output-Voltage Tracking
When SEQ is connected to VL, all outputs rise up at the
same time and the external series pass transistors are
driven fully on until reaching the respective regulation
limits. Since the LDOs are powered from the main DC-
DC step-down converter, either directly or through a
coupled winding on the inductor, their outputs track the
DC-DC step-down output (OUT1). See the Typical
Operating Characteristics section for the startup output-
tracking waveforms.

Power-On Reset
The MAX8513/MAX8514 provide a power-on-reset (POR)
signal, which goes high 315ms after all outputs reach
90% of their nominal regulated value. Therefore, by the
time POR goes high, all outputs are already stabilized at
nominal regulated voltages. See the Typical Operating

Characteristics section for the POR waveforms.

Input Power-Fail (PFI and PFO)
The MAX8513/MAX8514 have a built-in comparator to
detect the input voltage with an external resistive-
divider at PFI, with a threshold of 1.22V. When the input
voltage drops and trips this comparator, the power-fail
output (PFO) goes low, while all outputs are still within
regulation limits. This is typically used for input power-
fail warning for orderly system shutdown. The amount of
warning time depends on the input storage capacitor,
the input PFI trip voltage level, the main step-down out-
put voltage, the total output power, and the efficiency.
See the Design Procedure section for how to calculate
the input capacitor to meet the required warning time.

Enable and Synchronization
The MAX8513/MAX8514 can be turned on with logic
high, and off with logic low at SYNC/EN. When SYNC/EN
is driven with an external clock, the internal oscillator
synchronizes the rising edge of the clock at SYNC/EN to
DH going high. When being driven by a synchronization
clock signal at SYNC/EN, the controller synchronizes to
the external clock within two cycles. The frequency at
SYNC/EN needs to be within +30% of the value set by
RFREQ. See the Switching-Frequency Setting section.

17
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Wide-Input, High-Frequency, Triple-Output Supplies
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Thermal-Overload Protection
Thermal-overload protection limits the total power dissi-
pation in the MAX8513/MAX8514. When the junction
temperature exceeds Ty = +170°C, a thermal sensor
shuts down the device, forcing DL and DH low and
allowing the IC to cool. The thermal sensor turns the part
on again after the junction temperature cools by 25°C,
resulting in a pulsed output during continuous thermal-
overload conditions. During a thermal event, the main
step-down converter and the linear regulators are turned
off, POR and PFO go low, and soft-start is reset.

Design Procedure

OUT1 Voltage Setting
The output voltage is set by a resistive-divider network
from OUT1 to FB1 to GND (see R1 and R2 in the
Typical Applications Circuits). Select R2 between 5kQ
and 15kQ. Then R1 can be calculated by:

Rl = R2 x (M - 1)
1.25V

Input Power-Fail Setting
The PFI input can monitor VN to determine if it is falling.
When the voltage at PFl crosses 1.22V, the output
(PFO) goes low. The input voltage value at the PFI trip
threshold, VpFl, is set by a resistive-divider network
from IN to PFl to GND (see the Typical Applications
Circuits). Select R11, the resistor from PFI to GND
between 10kQ and 40kQ. Then R10, the resistor from

PFl to IN, is calculated by:

R10 = R11 x (ﬂ - 1)
1.22V

Switching-Frequency Setting
The resistor connected from FREQ to GND, RFreq (R7
in the Typical Applications Circuits), sets the switching
frequency, fs, as shown by the equation below:

9
o o 1810 g

RFreQ
where RFREQ is in ohms.

Inductor Value
There are several parameters that must be examined
when determining which inductor to use: input voltage,
output voltage, load current, switching frequency, and
LIR. LIR is the ratio of peak-to-peak inductor ripple cur-
rent to the maximum DC load current. A higher LIR
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value allows for a smaller inductor but results in higher
losses and higher output ripple. A good compromise
between size and efficiency is a 30% LIR. Once all of
the parameters are chosen, the inductor value is deter-
mined as follows:

Voutt x (M - VouTt)
VIN % fs x louT1_max x LIR

where VouT1 is the main switching regulator output and
fs is the switching frequency.

Choose a standard value close to the calculated value.
The exact inductor value is not critical and can be
adjusted to make tradeoffs between size, cost, and effi-
ciency. Lower inductor values minimize size and cost,
but also increase the output ripple and reduce the effi-
ciency due to higher peak currents. On the other hand,
higher inductor values increase efficiency, but eventual-
ly resistive losses due to extra turns of wire exceed the
benefit gained from lower AC current levels. Find a low-
loss inductor with the lowest possible DC resistance that
fits the allotted dimensions. Ferrite cores are often the
best choice, although powdered iron is inexpensive and
can work well up to 300kHz. The chosen inductor’s satu-
ration current rating must exceed the peak inductor cur-
rent as calculated below:

(Vin - VouTt) x VouTi
2x L xfg x Vy

lPEAK = louTi_mMAX +

This peak value should be smaller than the value set at
ILIM when VouT1 is at its nominal regulated voltage (see
the Current Limit and Current-Limit Setting sections).

In applications where a multiple winding inductor (cou-
pled inductor) is used to generate the supply voltages
for the LDOs, the inductance value calculated above is
for the winding connected to the DC-DC step-down
(primary windings) inductance. The inductance seen
from the other windings (secondary windings) is pro-
portional to the square of the turns ratio with respect to
the primary winding.

The turns ratio is important since it sets the LDOs’ sup-
ply voltage values. The voltage generated by the sec-
ondary winding (VsSec) together with the rectifier diode
and output capacitor is calculated as follows:

n
VSec = (VOUT1 + Vg2 ) X(n_i) Vb2

where V@2 and Vp2 are the voltage drops across the
low-side MOSFET on the primary side and the rectifier
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diode on the secondary side (Q2 and D2 in the Typical
Applications Circuits). n2 and n{ are the number of
turns of the secondary winding and the primary wind-
ing, respectively.

It is important to have the secondary winding tightly
coupled with the primary winding to minimize leakage
inductance for higher efficiency. The positive voltage
generated by the secondary winding can also be
stacked with the main DC-DC step-down converter out-
put to further improve efficiency and reduce winding
cost. In this case, the secondary-side voltage is:

n
VSec = (VOUT1 + Va2 ) X(n—f) +VouTt1 - Vb2

Input Capacitor
The input-filter capacitor reduces peak currents drawn
from the power source and reduces noise and voltage
ripple on the input caused by the AC-RMS current
through the ESR of the input capacitor (C2 in the Typical
Applications Circuits). The input capacitor must meet
the ripple-current requirement (IIN_RMS) imposed by the
switching currents defined by the following equation:

louTt x \/Voun x (Vin - Vour1)
IN_RMS = Vin

IIN_RMS has a maximum value when the input voltage
equals twice the output voltage (VIN = 2 x VOUT1), SO
lIN_RMS(MAX) = louT1 / 2. Ceramic capacitors are rec-
ommended due to their low ESR and ESL at high fre-
quency, with relatively low cost. Choose a capacitor that
exhibits less than 10°C temperature rise at the maximum
operating RMS current for optimum long-term reliability.

For applications that require input power-fail warning,
such as dying gasp, add a large-value electrolytic
capacitor (Cs) to the input as a local energy storage
device to provide the power to the converter in case of
input power-fail. The capacitor value must be high
enough to meet the desired power-fail warning time,
tWARN, where twaRN is the time from when PFI trips the
PFO output to when the main output (OUT1) starts

MAXIMN

dropping out of regulation. The value of the storage
capacitor, Cs, can be calculated as:

Cs =(O.5 x POU-H) x ( L ! )
n VPr VDRoOOP

tWARN
(Verr - VbrooP)

where PouT1 is the total output power, n is the total
converter efficiency, Vpr| is the input voltage value at
the input power-fail (PFI) trip threshold, and VDROOP is
the input voltage value where VouT1 starts dropping
out of regulation.

VpFI and VDROOP can be calculated as:

R10)

Ve = 122V x 1+ 20
PF * ( T RN

where R10 and R11 are the resistive-dividers from IN to
PFI to GND in the Typical Applications Circuits.

Vour1

VbROOP = Dr/ax

where DmaX is the maximum duty cycle.

To ensure for worst-case component tolerances such
as capacitance of Cg, converter efficiency, VpF|, and
VDROOP’s threshold over the operating temperature
range, it is recommended to select Cs at least 1.5 times
the calculated value above.

Output Capacitor
The key selection parameters for the output capacitor
are the actual capacitance value, the equivalent series
resistance (ESR), the equivalent series inductance
(ESL), and the voltage-rating requirements. All of these
affect the overall stability, output ripple voltage, and
transient response.

The output ripple is composed of three components: vari-
ations in the charge stored in the output capacitor, the
voltage drop across the capacitor’s equivalent series
resistance (ESR), and equivalent series inductance (ESL)
caused by the current into and out of the capacitor.
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The peak-to-peak output voltage ripple as a conse-
quence of the ESR, ESL, and output capacitance is:
VRIPPLE(ESR) = lP-P x Resr

lp-p
8 X COUT st

VRIPPLE(C)

where CouT is C4 in the Typical Applications Circuits.

Vin x ESL
VRIPPLE(ESL) = TIA + EoL
ViN - Vo V,

- gt

where Ip-p is the peak-to-peak inductor current (see the
Inductor Selection section). An approximation of the
overall voltage ripple at the output is:

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

While these equations are suitable for initial capacitor
selection to meet the ripple requirement, final values may
also depend on the relationship between the LC double-
pole frequency and the capacitor ESR zero. Generally,
the ESR zero is higher than the LC double pole (see the
Compensation Design section). Solid polymer electrolyt-
ic or ceramic capacitors are recommended due to their
low ESR and ESL at higher frequencies. Higher output
current may require paralleling multiple capacitors to
meet the output voltage ripple.

The MAX8513/MAX8514s’ response to a load transient
depends on the selected output capacitor. After a load
transient, the output instantly changes by (ESR x
AlouT1) + (ESL x dlouT1 / dt). Before the controller can
respond, the output deviates further depending on the
inductor and output capacitor values. After a short peri-
od of time (see the Typical Operating Characteristics),
the controller responds by regulating the output voltage
back to its nominal state. The controller response time
depends on the closed-loop bandwidth. With a higher
bandwidth the response time is faster, preventing the
output capacitor from further deviation from its regulat-
ing value. Be sure not to exceed the capacitor’s voltage
or current ratings.

MOSFET Selection
The MAX8513/MAX8514 drive two external, logic-level,
N-channel MOSFETs as the circuit switch elements.
The key selection parameters are:

e For on-resistance (RDs_ON), the lower the better.
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e Maximum drain-to-source voltage (Vps) should be at
least 20% higher than the input supply rail at the
high-side MOSFET’s drain.

e For gate charges (QGgs, QaD, QDS), the lower the
better.

Choose the MOSFETs with rated Rps_oN at VGs =
4.5V. For a good compromise between efficiency and
cost, choose the high-side MOSFET (Q1 in the Typical
Applications Circuits) that has conduction loss equal to
switching loss at nominal input voltage and maximum
output current. For the low-side MOSFET (Q2 in the
Typical Applications Circuits), make sure that it does
not spuriously turn on due to dV/dt caused by Q1 turn-
ing on as this results in shoot-through current degrad-
ing the efficiency. MOSFETs with a lower QGD / QGS
ratio have higher immunity to dV/dt.

For proper thermal management, the power dissipation
must be calculated at the desired maximum operating
junction temperature, maximum output current, and
worst-case input voltage. For Q2, the worst case is at
VIN_MAx. For Q1, it could be either at VIN_MIN oOr
VIN_MAX. Q1 and Q2 have different loss components
due to the circuit operation. Q2 operates as a zero volt-
age switch, where major losses are the channel con-
duction loss (Pq2cc) and the body-diode conduction
loss (PQ2DC).

Voutt
Paoce = (1 - %) x louT2 x Rps_oN
Pazpc = 2 x loutt x VF x tgr x fg

where VF is the body-diode forward voltage drop, tgt =
50ns is the dead time between Q1 and Q2 switching
transitions, and fg is the switching frequency.

The total losses for Q2 are:

Paz_ToTAL = Paacc + Pazpe

Q1 operates as a duty-cycle control switch and has the
following major losses: the channel conduction loss
(Pqicc), the V | overlapping switching loss (PQ1sw),
and the drive loss (PQ1DR). Q1 does not have body-
diode conduction loss because the diode never con-
ducts current.

x lout? x Rps_on

V,
Patcc = (\D/IL;IH

where RDS_ON is at the maximum operating junction
temperature.
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(Qgs + Qap)

Paisw =MiN x louTtt x fg x onre

where IGATE is the average DH high driver output-cur-
rent capability determined by:

| B 25V
GATE = (Ron + RgaTE)

where RpH is the high-side MOSFET driver’s on-resis-
tance (1.5Q typ) and RGATE is the internal gate resis-
tance of the MOSFET (=2Q).

RGaTE
RgaTe + Ron )

Papr=Qacs x Vas x fs x(

where Vgs = VyL = 5V.
The total power loss in Q1 is:

Pat=Faicc + Parsw + Papr

In addition to the losses above, allow approximately
20% more for additional losses due to MOSFET output
capacitances and Q2 body-diode reverse recovery
charge dissipated in Q1. This is not typically well-
defined in MOSFET data sheets. Refer to the MOSFET
data sheet for the thermal-resistance specification to
calculate the PC board area needed to maintain the
desired maximum operating junction temperature with
the above calculated power dissipations.

To reduce EMI caused by switching noise, add a 0.1uF
or larger ceramic capacitor from the high-side MOSFET
drain to the low-side MOSFET source or add resistors
in series with DH and DL to slow down the switching
transitions. However, adding series resistors with DH
and DL increases the power dissipation in the MOSFET
when it switches, so be sure this does not overheat the
MOSFET. The minimum load current must exceed the
high-side MOSFET’s maximum leakage current over
temperature if fault conditions are expected.

MOSFET Snubber Circuit
Fast switching transitions cause ringing because of res-
onating circuit parasitic inductance and capacitance at
the switching nodes. This high-frequency ringing
occurs at LX’s rising and falling transitions and can
interfere with circuit performance and generate EMI. To
dampen this ringing, a series-RC snubber circuit is
added across each switch. The following is the proce-
dure for selecting the value of the series-RC circuit:

MAXIMN

1) Connect a scope probe to measure VX to GND,
and observe the ringing frequency, fR .

2) Find the capacitor value (connected from LX to
GND) that reduces the ringing frequency by half.

The circuit parasitic capacitance (CpaR) at LX is then
equal to 1/3rd the value of the added capacitance above.
The circuit parasitic inductance (LPAR) is calculated by:

1

(23‘5 X fR)Z x CpaR

The resistor for critical dampening (RsNnuB) is equal to
(2m x fR x LPAR). Adjust the resistor value up or down to
tailor the desired damping and the peak voltage excur-
sion. The capacitor (CsnuB) should be at least 2 to 4
times the value of the CpaR to be effective. The power
loss of the snubber circuit is dissipated in the resistor
(PrsNUB) and can be calculated as:

LPAR =

2
Prsnus =Csnus x (Vi)™ x s

where V|N is the input voltage and fs is the switching
frequency. Choose an RsNUB power rating that meets
the specific application’s derating rule for the power
dissipation calculated.

Current-Limit Setting
The MAX8513/MAX8514 can provide foldback current
limit or constant current limit. Unless constant current-
limit operation is required, such as when driving a con-
stant current load, foldback current limit should be
implemented. Foldback current limit reduces the power
dissipation of external components under overload or
short-circuit conditions.

Foldback Current Limit
For foldback current limit, the current-limit threshold is
set by an external resistive-divider from VouT1 to ILIM to
GND (R17 and R18 of the Typical Applications Circuits).
This makes the voltage at ILIM a function of the internal
5pA current source and VouTi1. The current-limit com-
parator threshold is equal to VLM / 7.5. This threshold is
compared with VSENSE. VSENSE is either the voltage
across the current-sense resistor or, for lossless sens-
ing, the voltage across the inductor. When VSENSE
exceeds the current-limit threshold, the high-side
MOSFET turns off and the low-side MOSFET turns on.
This allows for a current foldback feature that reduces
the current-limit threshold during a short circuit. This
makes the current threshold limit, when VouTt = 0V, a
percentage of the current-limit threshold, when VouT1 is
at its nominal regulated value.
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To set the current limit and the current-limit foldback
thresholds, first select the foldback current-limit ratio
(PrB). This ratio is the foldback current limit (ILiMIT@0V)
divided by the current limit when VouT1 equals its nom-
inal regulated voltage (ILIMIT).

_limiteov
ILimiT

PrB is typically set to 0.5. To calculate the values of
R17 and R18 (in the Typical Applications Circuits), use
the following equations:

(Pes x Vourt)

R17=
4.7uA x (1-Peg)

(7.5 X RCS_MAX I IMIT x(1—P|:B ))X R17

R18 =
VouTt - (7-5 xRcs_max xIumim x (1-Pra ))

Rcs_MmAx is the maximum sensing resistance at the
high operating temperature. Rcs can either be the
series resistance of the inductor or a discrete current-
sense resistor value. I MIT is the peak inductor current
at maximum load, which equals:

1+LIR)

louT1_mAx X( 5
If R18 results in a negative resistance, then decrease
Rcs. This can be done by choosing an inductor with a
lower DC resistance or a lower value discrete current-
sense resistor.

Constant Current Limit
For constant current-limit operation, connect ILIM to VL
for a default current-limit threshold of 170mV (typ). The
sensing resistor value must then be chosen so that:

Rcs_MAX x ILimiT < 151TmV

the minimum value of the default threshold.

Alternately, the constant current-limit threshold can also
be set by using only R18, in which case R18 is calculat-
ed as follows:

lLimiT
4. 7uA

When using the DC resistance of the inductor as a cur-
rent-sense resistor, an RC filter is needed (R19 and

R18 =7.5 x RCS_MAX X
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C14 of the Typical Applications Circuits). Pick the value
of the filter capacitor, C14, from 0.22uF to 1uF (ceramic
X7R). Then calculate the value of R19 as follows:

L1A

(2)( RL_DC X C14)

R19 =

RL_Dc is the nominal value of the inductor’'s DC resis-
tance. Additionally, R20 (in the Typical Applications
Circuits) is added in series with the CSN input to cancel
the drop due to input bias current into CSP that devel-
ops across R19. R20 should be set equal to R19.

Compensation Design
The MAX8513/MAX8514 use a voltage-mode control
scheme that regulates the output voltage by comparing
the error-amplifier output (COMP) with a fixed internal
ramp to produce the required duty cycle. The output
lowpass LC filter creates a double pole at the resonant
frequency, which has a gain drop of -40dB/decade and
a phase shift of approximately -180°/decade. The error
amplifier must compensate for this gain drop and
phase shift to achieve a stable high-bandwidth closed-
loop system.

The basic regulator loop consists of a power modulator,
an output feedback divider, and an error amplifier. The
power modulator has a DC gain set by VIN / VRAMP
(VRamMP = 1Vp-p), with a double pole and a single zero
set by the output inductance (L), the output capaci-
tance (Cout) (C4 in the Typical Applications Circuits),
and its equivalent series resistance (RESR). VRAMP is
the peak of the saw-toothed waveform at the input of
the PWM comparator (see the Functional Diagrams in
Figures 1 and 2). Below are equations that define the
power modulator:

ViN
VRAMP
1

fPMOD = —F——
2n L x Coyt

where L is L1A and Cout is C4 in the Typical Applica-
tions Circuits.

Gmobpe) =

1
2n x Cout » Resmr

fzESR =
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When the output capacitance is comprised of parallel-
ing n number of identical capacitors whose values are
CeacH with ESR of RESR_EACH, then:

Cout = n x CgacH and

Resr_EACH

Resr = -

Thus the resulting fzZESR is the same as that of each
capacitor.

The crossover frequency (fc), which is the frequency
when the closed-loop gain is equal to unity, should be
the smaller of 1/5th the switching frequency or 100kHz
(see the Switching-Frequency Setting section):

fc = %or 100kHz

The loop-gain equation at the crossover frequency is:
Gea(fe)GMOD(fc) = 1

where GEga(fc) is the error-amplifier gain at fc, and
GmoD(fc) is the power modular gain at fc.

The loop compensation is affected by the choice of out-
put-filter capacitor used, due to the position of its ESR
zero frequency with respect to the desired closed-loop
crossover frequency. Ceramic capacitors are used for
higher switching frequencies (above 750kHz) because
of low capacitance and low ESR; therefore, the ESR
zero frequency is higher than the closed-loop crossover
frequency. While electrolytic capacitors (e.g., tantalum,
solid polymer, oscon, etc.) are needed for lower switch-
ing frequencies, because of high capacitance and ESR,
the ESR zero frequency is typically lower than the
closed-loop crossover frequency. Thus the compensa-
tion design procedure is separated into two cases:

Case 1: Ceramic Output Capacitor (operating at
high switching frequencies, fzesr > fc)

The modulator gain at fc is:

2

f
GMmoD(fc) = GI\/IOD(DC)( P'\]f'COD)

Since the crossover frequency is lower than the output
capacitors’ ESR zero frequency and higher than the LC
double-pole frequency, the error-amplifier gain must
have a +20dB/decade slope at fc. This +20dB/decade
slope of the error amplifier at crossover then adds to

MAXIMN

the -40dB/decade slope of the LC double pole, and the
resultant compensated loop crosses over at the
desired -20dB/decade slope. The error amplifier has a
dominant pole at very low frequency (=0Hz), and two
separate zeros at:

1 1
f74 = ————and fyp =
“1 7 2axR3xC5 %2 T 2mx(R1+R4)xCT1
and poles at:
1 1
fop = ———_and fog =
P2 T onxRaxCii P3 (C5 xC12)
2nxR3x| —————
\cs+Ci2)

The error-amplifier equivalent circuit and its gain vs.
frequency plot are shown below in Figure 3.

In this case, fz2 and fpq are selected to have the convert-
ers’ closed-loop crossover frequency, fc, occur when the
error-amplifier gain has a +20dB/decade slope between
fzo and fp2. The error-amplifier gain at fc is:

1

G -
EA(fe) GMmoD(fe)

The gain of the error amplifier between fz1 and fz2 is:
fzo fzo

Gea(iztize) = Gea(f =

( ) % fcGmonic)

:
%

Vours
R1 p
MP
R2 REF CO

CLOSED-LOOP GAIN

EA GAIN

fn 1z feo  fp3 FREQUENCY

fc

Figure 3. Case 1: Error-Amplifier Compensation Circuit (Closed-
Loop and Error-Amplifier Gain Plot)
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This gain is also set by the ratio of R3/R1 where R1 is
calculated in the OUT1 Voltage Setting section. Thus:

R1 x fzo

R3 = ———&=—
fc x Gmonic)

Due to the underdamped (Q > 1) nature of the output
LC double pole, the error-amplifier zero frequencies
must be set less than the LC double-pole frequency to
provide adequate phase boost. Set the error-amplifier
first zero, fz1, at 1/4th the LC double-pole frequency and
the second zero, fzp, at the LC double-pole frequency.
Hence:

2
m x R3 x ](PI\/IOD

C5 =

Set the error-amplifier fp2 at fzesR, and fp3 to 1/2 the
switching frequency, if fzESR < 1/2 fs. If fzESR > 1/2 fs,
then set fpo at 1/2 fs and fp3 at fZESR.

The gain of the error amplifier between fp2 and fp3 is
set by the ratio of R3/R| and is equal to:

R3 fp2
— = Ggafzifz2
R ( )hMOD

where R| is the parallel combination of R1 and R4 and
is equal to:

_ R1 x R4
' R+ R4
Therefore:
R = R3 x_ oD and
fpo x Geafz1422)
_RxR
R1- R
C11 can then be calculated as:
Cile— 1
2n x R4 x foo
and C12 as:
Cl2 = Co
(2m x C5 x R3 xfpz-1)
24

Below is a numerical example to calculate the error-
amplifier compensation values used in the Typical
Applications Circuit of Figure 5:

VIN = 12V (nomimal input voltage)

VRAMP = 1V
VouTt = 3.3V
VEB1 = 1.25V
L1A = 1.8pH

C4 = 47uF/ 6.3V ceramic, with RESR = 0.008Q
fs = 1.4MHz
The LC double-pole frequency is calculated as:

1

fPMOD = —F———=
onyL1A x C4
! =17.3kHz
2n\/1.8x10_6x47x10_6
f o v
ZESR 231: X RESR X C4
! = 423kHz

21 x0.008x 47 x 100
Pick R2 = 8.06kQ.

R1 =8.06kQ x (ﬂ-T) =13.3kQ
1.25V

The modulator gain at DC is:

ViN
Gmobeo) = =12
(©C) VRAMP
Pick fc = 100kHz.
17.4kHz\?
f
Gea(fz1-fz2) = fGPM—OD
cGmoD(ic)
_ o 1TAHZ e

100kHz x 0.363
R3 = Rl x Gga(iz1-z2)
13.3kQ x 0.479 = 6.37kQ
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Use 6.8kQ.
C5 = 2 = 2 = 5.38nF
axR3xppmop wx 6.8kQx17.4kHz
Use 4.7nF.
R - R3 x fomoD _ 6.8kQ x 17.4kHz _5830
foo x GEA(fZ1—f22) 423kHz x 0.479
Ra - Rl x R _ 13.3kQ x 5839= 6099
Rl - R 13.3kQ - 583Q
Use 620Q.
Ci1 ! ! =607pF

T 2nxRdxips 21 x620Q x 423kHz

Use 680pF.

Pick fp3 = 700kHz, which is the midpoint between fZESR
and 1/2 the switching frequency.

Ch
(2t xC5xR3x fpg)-1
4.7nF

= -33.7pF
(27t x 4.7nF x 6.8kQ x 700kHzZ) -1

Cl12=

Use 33pF.

Case 2: Electrolytic Output Capacitor (operating at
lower switching frequencies, fzesr < fc )

The modulator gain at fc is:

; 2
PMOD
fzesrfc

Gmon(fc) = GmoD(De)

The output capacitor’s ESR zero frequency is higher
than the LC double-pole frequency but lower than the
closed-loop crossover frequency. Here the modulator
already has a -20dB/decade slope; therefore, the error-
amplifier gain must have a 0dB/decade slope at fc, so
the loop crosses over at the desired -20dB/decade
slope. The error-amplifier circuit configuration is the
same as Case 1; however, the closed-loop crossover
frequency is now between fp2 and fp3, as illustrated in
Figure 4.

MAXIMN

GAIN
(dB)

EA GAIN

»
|

i fps FREQUENCY

Figure 4. Case 2: Error-Amplifier Compensation Circuit (Closed-
Loop and Error-Amplifier Gain Plot)

The equations that define the error amplifier’'s poles
and zeroes (fz1, fz2, fp2, and fp3) are the same as for
Case 1. However, fp2 is now lower than the closed-loop
crossover frequency.

The error-amplifier gain at fc is:

1

GeA(fc) = =———
(fe) GmoD(fo)

And the gain of the error amplifier between fz1 and

fzois:

fzo fzo
=G =
Gea(fzi-1z2) =GEA(fe) o>~ PaOMoD(o

Due to the underdamped (Q > 1) nature of the output LC
double pole, the error-amplifier zero frequencies must be
set less than the LC double-pole frequency to provide
adequate phase boost. Set the first zero of the error
amplifier, fz1, at 1/4th the LC double-pole frequency. Set
the second zero, fzp, at the LC double-pole frequency.
Set the second pole, fpo, at fZESR.
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This gain between fz1 and fz2 is also set by the ratio of
R3/R1, where R1 is selected in the OUT1 Voltage
Setting section. Therefore:

R1 x feMoD
fzesr x GmoD(fc)

R3 =

And similar to Case 1, C5 can be calculated as:

2
nt x R3 x fPl\/lOD

C5 =

Set the error-amplifier third pole, fp3, at approximately
1/2 the switching frequency. The gain of the error
amplifier at fc (between fp2 and fp3) is set by the ratio
of R3/R| and is also equal to:

1

Gea(fe) = =————
(fe) GmoD(fe)
where R is:
R - R1 x R4
R1 + R4
Therefore:

R = R3 x GI\/IOD(fC)X Gp

Similar to Case 1, R4, C11, and C12 can be calculated as:

_ Rix R
R1- R
c1 = !
2nx R4 x fzesR
c12 - C5

"~ 21 x C5 x R3 x fog-1

Below is a numerical example to calculate the error-
amplifier compensation values for Case 2:

VIN = 12V (nomimal input voltage)

VRAMP = 1V

VouT1 = 3.3V

VEB1 = 1.25V

L1A = 6.2uH

C4 = 560uF/ 10V OS-Con capacitor, with ESR = 0.015Q
fs = 300kHz

26

1

fPMoD = —/——
OP = oA xCa
_ ! —2.7kHz
27,/6.2uH x 560uF
f ot
ZESR 2nRggR x C4
- ! -18.95kHz

21 x 0.015Q x 560uF
Pick R2 = 8.06k2. Then:

Rl = 8.06kQx =2V 1 ~13.3kQ
1.25V
ViN
Gmop(pe) = =12
(bC) VRAMP

Pick fc = 50kHz, which is less than fg/ 5.

2
2.7kHz
G =12 = 0.0923
MOD(BC) *18.95kHz x 50kHZ
f
Gea(iz1-fz2) = —PMOD___
fzESRGMOD(fc)
_ 2.7kHz —1543
18.95kHz x 0.0923
R3 = Rl x Gga(fz1fzo) = 13.3kQ x 1.543 = 20.48kQ2
Use 20kQ.
C5 = 2 2 -11.8nF

nxR3xfpyop 7 x20kQ x 2. 7kHz
Use 12nF.

R = R3 x Guopfc) = 20kQ x 0.0923 = 1.846kQ

RixR  13.3kQ x1.846kQ

R4 = =
R1-R,  13.3kQ-1.846kQ

=2.14kQ

Use 2.2kQ.

1 1

Ci1 = =
2nxR4xfzegr  2mx2.2kQ2 x 18.95kHz

=3.82nF

Use 3.9nF.
Pick fp3 = fg/ 2 = 150kHz.
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c5
(2t xC5xR3x fpg)-1
_ 12nF
27 x 12nF x 20kQ x 150kHz - 1

C12=

=53.3pF

Use 47pF.
Linear-Regulator Controllers

OUT2 Voltage Selection
The MAX8513/MAX8514 OUT2 positive linear regula-
tor’s output voltage is set by connecting a resistive-
divider from OUT2 to FB2 to GND. The resistors in the
divider are selected to set the minimum output current
(louT2_MIN). For the Typical Applications Circuit (Figure
5 or Figure 6), the feedback resistors are set to R5 =
340Q and R6 = 1609, where R5 is the resistor from
OUT2 to FB2 and R6 is the resistor from FB2 to GND.
These values set the minimum output current to
=~4.5mA, which works well with many MOSFETS.

In general,

| louT2_MAX
OUT2_MIN = T
Select R5 and R6 so:
0.8V _,
R6 OUT2_MIN

RS = R6 x(—VOUTZ -1)
0.8V

OUT2 Stability
A transconductance amplifier drives the gate of the
NMOS transistor (Q3 in the Typical Applications
Circuits), with current proportional to the error signal
multiplied by the amplifier's transconductance. The
error signal is the difference between VFg2 and the
internal 0.8V reference. Vsup2, the supply voltage for
the transconductance amplifier, must be at least 1V
greater than the maximum required gate voltage
(VDRv2). The output pass transistor (Q3) buffers the
DRV2 signal to produce the desired output voltage
(VouT2). The output capacitor (C6 in the Typical
Applications Circuits) helps bypass the output, while

MAXIMN

the feedback resistors (R5 and R6) set the output-volt-
age reference point as well as the minimum load.

The loop gain for the positive LDO output using an
NMOS transistor is:

0.8V Geo(1+SCAxRA)

X
Your2 g(cax Cq)(1 ¥ SCSUTZ) (1+sRAxCq)
c

where CouT2 is C6 in the Typical Applications Circuits.

Gce is the transconductance of the internal amplifier
(0.21S typ), and a dominant pole at a low frequency is
created from this transconductance and the compen-
sation capacitor (Ca in the Typical Applications Circuits
+ Q8's gate capacitance (Cq)). A second pole occurs
due to CouT2 and the transconductance of Q3 (gc).
This transconductance varies from a minimum gc(MmIN)
occurring at minimum load to a maximum gCc(MAX)
occurring at maximum load. To calculate the gc at any
load current, the typical forward transconductance can
be extracted from the MOSFET's data sheet (gfs), as
well as the current at which it is measured (IDfs). The
gC(MIN) and gc(MAXx) can be calculated as:

louT2(MAX)
IDfs

louT2(MIN)
- of /—
gomiNy = dfs Dfs

Poles occur at:

domax) = dfs

Co L Gomax)
PMAX = 5 CouTa
9CMIN

If only a minimum gfs is given, initially assume the max-
imum is twice the minimum.

When using a bipolar transistor, the gc(max) and
gC(MIN) occur at the following:

|
o) = OUI/iI\/IIN
| A
JC(MAX) = —OUTV2TM X

where VT is the thermal voltage, 26mV.
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A third pole occurs due to the input capacitance of the
NMOQOS transistor’'s gate, Cq (Ciss from the MOSFET
data sheet), and the compensation resistor (Ra). If an
NPN bipolar transistor is used instead, this third pole
can be calculated from the base capacitance (Cq =
Cigo from the NPN data sheet). To ensure stability, a
zero is added to the loop from the resistor (Ra) and
capacitor (Ca).

For good stability and transient response, first pick
CouT? at approximately 6.8uF/A of load current. For the
Typical Applications Circuit, CouT? is a 10uF ceramic
capacitor. Ensure that the zero formed from the ESR of
CourT2 is greater than the maximum bandwidth BWmax
(calculated below). The maximum bandwidth should
also be less than the pole created by Q3’s gate capaci-
tance (Cq) and the compensation resistor (Ra).

1 1
EXQJIXCGRC‘

BWiyax =MIN 1

X
V10~ 2rnxResp_couteCout

The following equations set the compensation zero a
decade and a half below the maximum load pole and
ensure the above constraint is met. Choose the larger
of the two values for Ca.

8x Vout xCout xCq x G2 xgommax) x
1 (QC(MAX) xResr_courtz + 1)

gomax)VouTz +louTz(max)
Ca =MAX

Gco x goMAX)
(gC(MAX)VOUTZ + |OUT2(MAX))
Resr_cout2Cout -Cq

16'\/Bx

X

RA=1oﬁxVOUTéwx
A

(9cmax) *Resr_cout2 +1)
(9cmax)Vout2 +loutamax))

MOSFET Transistor Selection
MAX8513/MAX8514s’ OUT2 uses N-channel MOSFETs
as the series pass transistor to improve efficiency for
high output current by not requiring a large amount of
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drive current. The selected MOSFET must have the gate
threshold voltage meet the following criteria:

Ves_mMax = Vprv2-Vout2

where VpRv2 is equal to 7.75V or Vsuyp2 - 1.5V
(whichever is less), and VGsmax is the maximum gate
voltage required to yield the on-resistance specified by
the manufacturer’s data sheet. Logic-gate MOSFETs
are recommended.

NPN-Transistor Selection
The MAX8513/MAX8514s’ OUT2 can use a less expen-
sive NPN transistor as the series pass transistor. In
selecting the appropriate NPN transistor, make sure the
beta is large enough so the regulator can provide
enough base current. The minimum beta of the transis-
tor is:

b _ lourevax)
(MIN) 4mA

In addition, to avoid premature dropout, VCE_SAT =
VIN_MIN - VouT2.

OUT3_ Transistor Selection
The pass transistors must meet specifications for cur-
rent gain (B), input capacitance, collector-emitter satu-
ration voltage, and power dissipation. The transistor’s
current gain limits the guaranteed maximum output cur-
rent to:

v
loutap = ('DRV3P_MIN'%) p

where IDRV3P_MIN is the minimum base-drive current
and R12 is the pullup resistor connected between the
transistor’s base and emitter (see the Typical
Applications Circuits). In addition, to avoid premature
dropout VCE_SAT = VIN_MIN - VouTa. Furthermore, the
transistor’s current gain increases the linear regulator’s
DC loop gain (see the Stability Requirements section),
SO excessive gain destabilizes the output. Therefore,
transistors with current gain over 100 at the maximum
output current, such as Darlington transistors, are not
recommended. The transistor’s input capacitance and
input resistance also create a second pole, which could
be low enough to destabilize the LDO when the output
is heavily loaded.

The transistor’s saturation voltage at the maximum output
current determines the minimum input-to-output voltage
differential that the linear regulator supports. Alternately,
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the package’s power dissipation could limit the useable
maximum input-to-output voltage differential.

The maximum power-dissipation capability of the tran-
sistor’'s package and mounting must allow the actual
power dissipation in the device without exceeding the
maximum junction temperature. The power dissipated
equals the maximum load current multiplied by the
maximum input-to-output voltage differential.

When the MAX8513/MAX8514 are disabled, R26 dis-
charges C7.

OUT3P Voltage Selection (PNP)
The MAX8513 positive linear-regulator output voltage,
VOUT3P, is set with a resistive-divider from OUT3P to
FB3P to GND. First, select R14 resistance value (below
1kQ). Then, solve for R13 so:

R13 = R14(—VOUT3P -1)
0.8V

where VouT3ap can range from +0.8V to +27V.

OUT3N Voltage Selection (NPN)
The MAX8514’s negative linear-regulator output volt-
age, VOUT3N, is a negative regulated voltage devel-
oped through the pass transistor Q4 (MAX8514 Typical
Applications Circuits). A resistive-divider from OUT3N
to FB3N to VREF3N forces VFB3N to regulate to 0OV.
Calculate VouTaN by first selecting R14 the resistor
from VREF3N to FB3N to be below 5kQ, where VREF3N
is any positive voltage (usually VouT1). R13 is then cal-
culated by:

Ri3 = _YOUTSN , g4
VREF3N

SUP3N is the supply input for OUT3N’s transconduc-
tance amplifier. When OUT3N is used, SUP3N must be
connected to a voltage supply between 1.5V and 5.5V
that can source at least 25mA. Typically, VouT1 can be
used as the supply input for SUP3N.

Stability Requirements
The MAX8513/MAX8514s’ DRV3P and DRV3N outputs
are designed to drive bipolar transistors (PNP types for
the MAX8513 with the DRV3P output, and NPN types
for the MAX8514 with the DRV3N output). These bipolar
transistors form linear regulators with positive outputs
(MAX8513 from 0.8V to 27V) and negative outputs
(MAX8514 from -18V to -1V). An internal transconduc-
tance amplifier is used to drive the external pass tran-
sistors. The transconductance amplifier, pass
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transistor’'s specifications, the base-emitter resistor,
and the output capacitor determine the loop stability.

The total DC loop gain (Avy) is the product of the gains
of the internal transconductance amplifier, the gain
from base to collector of the pass transistor (Q4 in the
Typical Applications Circuits), and the gain of the feed-
back divider.

The transconductance amplifier regulates the output
voltage by controlling the pass transistor's base cur-
rent. Its DC gain is approximately:

Ges x RinlIRi2

where Gcga_ is typically 0.6S (OUT3P) and 0.36S
(OUT3N), RIN is the input resistance of Q4, and can be
calculated by:

[ 26mV )
R =
N L'oum_ P

The DC gain for the transistor (Q4), including the feed-
back divider, is approximately:

Aqup = VC% for OUT3P or

Aqun = —JOUT3N * VREF3N
(VReran -VouTan ) x Vr

VT is the thermal voltage for the transistor (typically 26mV
at Ta = +27°C). The total DC loop gain for OUT3_ is:

Ay =G'CS_ X (R|N||R12)XAQ4_

A dominant pole (fpoLE1) is created from the output
capacitance and load resistance:

1 __ lours_max
2nxCoyra xRouts  2nxCoyta xVouTs_

fPoLET =

Unity-gain crossover (fc_outa_) should occur at:

fc_outs_ =Av x oLET

A second pole is set by the input capacitance to the
base of Q4 (CQ4IN), any external base-to-emitter
capacitance (CBE, see the Base-Drive Noise Reduction
section and Figure 7), the transistor’'s input resistance
(RIN), and the base-to-emitter pullup resistor (R12):
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1
CBE+ CQ4|N) X RIN ”R12

fPoLE2 = 2n(

If the second pole occurs well after unity-gain
crossover, the linear regulator remains stable. If not,
then increase the output capacitance Coyut3 (C8 in the
Typical Applications Circuits) so:

fPoLE2 > 2 x fc_ouTs_

If high-ESR capacitors are used for the output capaci-
tor (CouTs), then cancel the ESR zero with a pole at
FB3_. This is accomplished by adding a capacitor
(CrB3_) from FB3_ to GND so:

’
2n x R3IIR4 x fegp

Cre3_ =

OUT3_ Output Capacitors
Connect at least a 1uF capacitor between the linear regu-
lator’s output and ground, as close to the MAX8513/
MAX8514 and the external pass transistors as possible.
Depending on the selected pass transistor, larger capaci-
tor values may be required for stability (see the Stability
Requirements section). Once the minimum capacitor
value for stability is determined, verify that the linear regu-
lator’s output does not contain excessive noise. Although
adequate for stability, small capacitor values can provide
too much bandwidth, making the linear regulator sensitive
to noise. Larger capacitor values reduce the bandwidth,
thereby reducing the regulator’'s noise sensitivity. For the
negative linear regulator, if noise on the ground reference
causes the design to be marginally stable, bypass the
negative output back to its reference voltage (VREF3N,
Figure 6). This technique reduces the differential noise on
the output. Ensure the voltage rating of the capacitor
exceeds the output voltage.

Base-Drive Noise Reduction
The high-impedance base driver is susceptible to system
noise, especially when the linear regulator is lightly
loaded. Capacitively coupled switching noise or induc-
tively coupled EMI on the base drive causes fluctuations
in the base current, which appear as noise on the linear
regulator’s output. To avoid this, keep the base-drive
traces away from the step-down converter and as short
as possible to minimize noise coupling. Resistors in
series with the gate drivers (DH and DL) reduce the LX
switching noise generated by the step-down converter.
Additionally, a bypass capacitor (CBg) can be placed
across the base-to-emitter resistor (Figure 7). This bypass
capacitor, in addition to the transistor’'s input capaci-
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tance, reduces the frequency of the second pole (fPOLE2)
that could destabilize the linear regulator (see the Stability
Requirements section). Therefore, the stability require-
ments determine the maximum base-to-emitter capaci-
tance (CBg) that can be added.

Transformer Selection
In systems where the step-down controller’s output
(OUT1) is not the highest voltage, a transformer can be
used to provide additional post-regulated, high-voltage
outputs. The transformer generates unregulated high-
voltage supplies that power the positive and negative
linear regulators. These unregulated supply voltages
must be high enough to keep the pass transistors from
saturating. For positive output voltages, connect the
transformer as shown in the Typical Applications
Circuits where the minimum turns ratio (n2/n1) is deter-
mined by:

no  VouTs_ + VaasaT) + Vb2
—= >
N VouT1

where VQ4(SAT) is OUT3P’s pass transistor’s saturation
voltage under full load. Since power transfer occurs
when the low-side MOSFET is on (DL = high), the trans-
former cannot support heavy loads with high duty
cycles on VouT1.

Minimum Load Requirements

(Linear Regulators)

Under no-load conditions, leakage currents from the
pass transistors supply the output capacitor, even
when the transistor is off. Generally, this is not a prob-
lem since the feedback resistors’ current drains the
excess charge. However, charge can build up on the
output capacitor over temperature, making VouT2/3 rise
above its set point. Care must be taken to ensure the
feedback resistors’ current exceeds the pass transis-
tor’s leakage current over the entire temperature range.

Thermal Consideration
The power dissipated by the series pass transistor is
calculated by:

Po = (IVin-Vourzsal)x loutzss

where VN is the input to the transistor of the LDO and
the absolute value of the difference between V|N and
VouTg/3 is taken. VN is derived from the transformer
winding ratio. The transistor must be adequately heat
sunk to prevent a thermal runaway condition. Refer to
the transistor data sheet for thermal calculation.
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Figure 5. MAX8513 Typical Applications Circuit
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Figure 6. MAX8514 Typical Applications Circuit
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Figure 7. Base-Drive Noise Rgduction

Applications Information nection at the IC. Keep the high-current paths as short
as possible. Connect the drains of the MOSFETS to a
PC Bpard Layout Guidelines large copper area to help in cooling the devices, further
Careful PC board layodt is critical to achieve low improving efficiency and long-term reliability.
switching losses and clean, stable operation. The
switching power stage requires particular attention.
Follow these guidelines for good PC board layout: IC as possible.

Place.b(lzlecgupling capacitors as close to tge I|C pir(ws as 2) Route high-speed switching nodes away from sen-
possible. Keep separate the power-ground plane (con- Y
nect to the sources of the low-side MOSFET, PGND, sitive analog areas (FB_, COMP, ILIM).

and the output capacitor’s return). Connect the input 3) Ensure the current-sense paths for CSP and CSN

1) Ensure all feedback connections are short and
direct. Place the feedback resistors as close to the

decoupling capacitors across the drain of the high-side run parallel and close together to cancel any noise
MOSFETs and the source of the low-side MOSFETSs. pickup.

The signal-ground plane (connected to GND) is con- 4) A reference PC board layout included in the
nected to the rest of the circuit-ground return. The two MAX8513 evaluation kit is also provided to further
ground planes then connect together with a single con- aid layout.
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Pin Configurations

TOP VIEW
PFI[1] ) 28] S5
PFO [2] [27] csn
DH [3] [26] csp
x [4] [25] 1LIm
57 [5] MAXIM [37] rop
bL E MAX8513 E POR
puL (7] [22] IN
PGND [8 | 21] DRV3P
VL [9] [20] n.c.
ComP1 [10] [19] SYNC/EN
FB1 [11] 18] sEa
FREQ [12] [17] sup2
REF [13] [16] DR2
GND [14] 15] Fe2
28 QSOP

PFI [1] 26] S5
PFO[2] [27] csn
DH [3]] 26] csp
x [4] [25] LM
57 [5] MAXIM [7] oy
we] P L o
pvL [7] [22] IN
PGND [8 | [21] DRV3N
VL [9] 20] suPaN
COMP1 [10] [19] SYNC/EN
FB1 [11] 18] sE0
FREQ [12] [17] sup2
REF [13] 16] DRV2
GND [14] [15] FB2
28 QSOP
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TRANSISTOR COUNT: 4824
PROCESS: BiCMOS
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Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)
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