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Low-Dropout, Wide-Input-Voltage,

General Description

The MAX8597/MAX8598/MAX8599 voltage-mode PWM
step-down controllers are designed to operate from a
4.5V to 28V input supply and generate output voltages
down to 0.6V. A proprietary switching algorithm stretch-
es the duty cycle to >99.5% for low-dropout design.
Unlike conventional step-down regulators using a p-
channel high-side MOSFET to achieve high duty cycle,
the MAX8597/MAX8598/MAX8599 drive n-channel
MOSFETSs resulting in high efficiency and high-current-
capability designs.

The MAX8597 is available in a 20-pin thin QFN pack-
age and is designed for applications that use an analog
signal to control the output voltage with an adjustable
offset, such as DC fan-speed control. This is achieved
with an internal uncommitted operational amplifier. The
MAX8597 is also targeted for tracking output-voltage
applications for chipsets, ASIC and DSP cores, and I/O
supplies. The MAX8598/MAX8599 are available in a 16-
pin thin QFN package and do not have the uncommitted
operational amplifier, reference input, and reference out-
put, but offer an open-drain, power-OK output.

The MAX8597/MAX8598/MAX8599 allow startup with
prebias voltage on the output for applications where a
backup supply or a tracking device may charge the
output capacitor before the MAX8597/MAX8598/
MAX8599 are enabled. In addition, the MAX8599 fea-
tures output overvoltage protection.

These controllers also feature lossless high-side peak
inductor current sensing, adjustable current limit, and
hiccup-mode short-circuit protection. Switching fre-
quency is set with an external resistor from 200kHz to
1.4MHz. This wide frequency range combined with a
wide-bandwidth error amplifier enables the loop com-
pensation scheme to give the user ample flexibility to
optimize for cost, size, and efficiency.

Applications

Nonisolated Power Modules

Variable-Speed DC Fan Power Supplies
(MAX8597)

Tracking Power Supplies (MAX8597)
Chipset Power Supplies

MAXIMN

Step-Down Controllers

Features

Low Dropout with >99.5% Duty Cycle
Lossless High-Side Current Limit
Wide 4.5V to 28V Input Range

Dynamic Output Voltage Adjustment with
Adjustable Offset (MAX8597)

4 Remote Voltage Sensing for Both Positive and
Negative Rails (MAX8597)

4 Tracking Output Through REFIN (MAX8597)

4 Adjustable Switching Frequency from 200kHz to
1.4MHz

4 Adjustable Soft-Start
4 Prebias Startup

4 Enable and Power-OK (MAX8598/MAX8599) for
Flexible Sequencing

4 25MHz Error Amplifier

4 Adjustable Hiccup Current Limit for Output
Short-Circuit Protection

4 Output Overvoltage Protection (MAX8599)
4 Small, Low-Profile Thin QFN Package

* & o o

Ordering Information

PART  TEMP RANGE PIN-PACKAGE
MAX8597ETP  -40°C to +85°C ffzng_;FN 4mm x 4mm
MAX8597ETP+  -40°C to +85°C (ZT‘)z;ZT_gFN 4mm x 4mm
MAXS8598ETE  -40°C to +85°C (1T61(TSZT4Q)FN 4mm x 4mm
MAX8598ETE+  -40°C to +85°C 2?12228“ 4mm x 4mm
MAX8599ETE  -40°C 1o +85°C 2_?%2!;4@)FN 4mm x 4mm
MAX8599ETE+  -40°C to +85°C 2?1222‘_3“ 4mm x 4mm

+Denotes lead-free package.

Pin Configurations appear at end of data sheet.

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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MAX8597/MAX8598/MAX8599

Low-Dropout, Wide-Input-Voltage,

Step-Down Controllers

ABSOLUTE MAXIMUM RATINGS

V4, ILIM10 GND ..o -0.3V to +30V
AVL, VLIO GND ..o, -0.3V to +6V
PGND t0 GND ....coooiiiiiiiiiiiee -0.3V to +0.3V
FB, EN, POK, AIN-, AIN+, REFINto GND ................ -0.3V to +6V

AOUT, REFOUT, FREQ, SS, COMP to
..................................................... -0.3V to (VavL + 0.3V)

DLtOPGND. ..ot -0.3V to (VyL + 0.3V)
Continuous Power Dissipation

16- or 20-Pin Thin QFN

Up to +70°C (derate 16.9mW/°C above +70°C)........ 1349mW
Operating Temperature Range ............cccceeevnenn. -40°C to +85°C
Junction Temperature ...........ccooveeiviiiiiiiicc +150°C

....................... -0.3V to +36V
.......... -0.3V to (VBsT + 0.3V)
-2V (-2.5V for less than 50ns) to +30V
......................... -6V to +0.3V

Storage Temperature Range
Lead Temperature (soldering, 10s)

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

(Vv+ = VWL = VavL = VEN = VREFIN = 5V, VBST = 6V, Vix = 1V, CyL = 4.7uF, CRerouT = 1uF, VAIN- = VaouT, VAIN+ = 2.5V, ViLim =
Vix - 0.2V, VFB = 0.65V, GND = PGND = 0V, Css = 0.01pF, RFReQ = 20kQ, Ta = 0°C to +85°C, typical values are at Tao = +25°C,

unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
GENERAL
V+ Operating Range 55 28.0 \
V+/VL Operating Range V+ =V0L 4.5 5.5 \
V+ Operating Supply Current Vv = 12V, VL unloaded, no MOSFETSs connected, VFg = OV 3.4 5.0 mA
V+ Standby Supply Current Vv = 12V, VL unloaded, VFg = OV 2.0 mA
VL REGULATOR
Output Voltage 5.5V < Vy; <28V, TmA < ILoAD < 35mA 4.7 50 53 V
¥:_ipUC§ve;|voltage—Lockout Rising edge, typical hysteresis = 460mV 4.05 4.2 4.35 \
Thermal Shutdown Rising temperature, typical hysteresis = 10°C +160 °C
REFERENCE (MAX8597 only)
REFOUT Output Voltage IREFOUT = 150pA, Vv4+ = VyL = 4.5V or 5.5V 2.49 2.50 2.51 \
REFOUT Load Regulation IREFOUT = 10pA to TmA 10 mV
e : 0
CURRENT-LIMIT COMPARATOR (all current limits are tested at Vv, = VyL = 4.5V and 5.5V)
ILIM Sink Current 1.8V < VIx <28V, VBsT = VI.x + 5V 180 200 220 bA
Sglggjétr‘:;r'”p“t Offset VLX = 28V, VasT = Vix + 5V 10 +10 | mv
SOFT-START
Soft-Start Source Current Vgg = 100mV 3 5 PA
Soft-Start Sink Current Vss = (0.6V or VREFIN) 3 5 PA
FREQUENCY
RFREQ = 100kQ 150 200 240
Frequency RFREQ = 20.0kQ 800 1000 1200 kHz
RFREQ = 14.3kQ 1100 1400 1700
2 AXI/V




Low-Dropout, Wide-Input-Voltage,
Step-Down Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Vv+ = VWL = VavL = VEN = VREFIN = 5V, VBST = 6V, Vix = 1V, CyL = 4.7uF, CRerouT = 1uF, VaIN- = VaouT, VaIN+ = 2.5V, ViLim =
Vix - 0.2V, VFB = 0.65V, GND = PGND = 0V, Css = 0.01pF, RFReQ = 20kQ, Ta = 0°C to +85°C, typical values are at Tao = +25°C,

unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
DH Minimum Off-Time 180 200 220 ns
DH Minimum On-Time 115 140 ns
FB ERROR AMPLIFIER
FB Input Bias Current 100 nA
FB Input Voltage Set Point Over load and line 0.594 0.600 0.606 \
FB Offset Error VREFIN = 1.25V and 2.5V, measured with respect to REFIN +10 -10 mV
cEar;?r:_Amp Open-Loop Voltage |, 0 4 oy 10 2.4v 72 90 dB
Slew Rate CLoAD = 80pF 18 V/us
UNCOMMITTED OPERATIONAL AMPLIFIER (MAX8597 only)
) RLoAD = 100kQ 90
Open-Loop Voltage Gain (AvoL) RLoAD = 10KQ - dB
Output-Voltage Swing High VAIN+ = 2.5V, VAIN- = (VAIN+ - 100mV), ISOURCE = 100pA \gg\r/nLV Vv
Output-Voltage Swing Low VAIN+ = 2.5V, VAIN- = (VAIN+ + 100mV), Isink = 100pA 20 mV
Unity-Gain BW 1.5 MHz
. CLoAD = 10pF, RLoAD = 10kQ to 100kQ +80
Phase Margin Degrees|
CLoAD = 100pF, RLoAD = 10kQ to 100kQ +40
Slew Rate CLoAD = 100pF 35 V/us
Input Offset Voltage Vem = 1.25V and 2.5V -3 +3 mV
Input Leakage Current -10 +10 nA
I(rép:\j\t/gfmmon—l\/lode Range +050 VAg% - v
Common-Mode Rejection Ratio
(CMRR) ! 75 dB
DRIVERS
DH, DL Break-Before-Make Time | CLoaD = 2000pF 20 ns
DH On-Resistance in Low State VBST - VX = 5V 1.0 25 Q
DH On-Resistance in High State | VBsT - ViLx = 5V 1.5 3.3 Q
DL On-Resistance in Low State VyL = Vyy =5V 0.45 1.0 Q
DL On-Resistance in High State | Vy| = Vy4 = 5V 1.3 25 Q
BST Bias Current VBsT = 33V, Vi x = 28V, VEN = OV 230 520 uA
LX Bias Current Vst = 33V, Vi x = 28V, VEN = OV -230 -520 pA
BST/LX Leakage Current VBsST = VX = 28V, VEN = OV 50 pA
LOGIC INPUTS (EN)
Input Low Level 4.5V < Vy| = Vy;+ = VayL < 5.5V 1.14 0.80 V
Input High Level 4.5V < VL = V4 = VayL < 5.5V 2.40 1.73 \
Input Bias Current VL = V4 =VayL = 5.5V, VEN =010 5.5V -1 +1 HA
MNAXIW 3
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MAX8597/MAX8598/MAX8599

Low-Dropout, Wide-Input-Voltage,
Step-Down Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Vv+ = VWL = VavL = VEN = VREFIN = 5V, VBST = 6V, Vix = 1V, CyL = 4.7uF, CRerouT = 1uF, VaIN- = VaouT, VaIN+ = 2.5V, ViLim =
Vix - 0.2V, VFB = 0.65V, GND = PGND = 0V, Css = 0.01pF, RFReQ = 20kQ, Ta = 0°C to +85°C, typical values are at Tao = +25°C,

unless otherwise noted.)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
REFIN INPUT (MAX8597 only)
REFIN Input Voltage Range 0 2.75 \
REFIN Dual Mode™ Threshold VAL - VaL- |y

1.0 0.5
REFIN Input Bias Current VREFIN = 1.25V or 2.5V -250 +250 nA
OV AND UV FAULT COMPARATORS
Upper FB Fault Threshold (OV) Rising edge, hysteresis = 15mV (MAX8599 only) 115 117 120 %
Lower FB Fault Threshold (UV) Falling edge, hysteresis = 15mV 67 70 73 %
POWER-OK OUTPUT (POK) (MAX8598/MAX8599 only)
POK Delay For both FB rising and falling edges 8 Clock
cycles

Lower FB POK Threshold FB falling, hysteresis = 20mV 85 88 90 %
POK Output Low Level ISINK = 2mA 0.4 V
POK Output High Leakage Vpok = 5.5V 5 pA

ELECTRICAL CHARACTERISTICS

(Vv+ = VWL = VavL = VEN = VREFIN = 5V, VBST = 6V, Vix = 1V, CyL = 4.7yF, CRerouT = 1pF, VAIN- = VAOUT, VAIN+ = 2.5V, VLM =
Vix - 0.2V, VFg = 0.65V, GND = PGND = 0V, Css = 0.01pF, RFReqQ = 20kQ, Ta = -40°C to +85°C, typical values are at Ta = +25°C,

unless otherwise noted.) (Note 1)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
GENERAL
V+ Operating Range 55 28.0 \
V+/VL Operating Range V+=VL 4.5 55 \Y
V+ Operating Supply Current Vv4+ = 12V, VL unloaded, no MOSFETs connected, VFg = OV 5.0 mA
VL REGULATOR
Output Voltage 5.5V < Vy4 <28V, TmA < ILoAD < 35mA 47 5.3 \
\((Igvtélrwdervoltage-Lockout Trip Rising edge, typical hysteresis = 460mV 4.05 4.35 \
REFERENCE (MAX8597 only)
REFOUT Output Voltage IREFOUT = 150pA, VW4 = VyL = 4.5V or 5.5V 2.47 2.51 V
REFOUT Load Regulation IREFOUT = 10pA to TmA 10 mV
CURRENT-LIMIT COMPARATOR (all current limits are tested at Vv, = VyL = 4.5V and 5.5V)
ILIM Sink Current ViLm = Vix - 0.2V, 1.8V < Vi x < 28V, VBST = VL.X + 5V 180 220 uA
Er(?(r)nrparator Input Offset Voltage 10 +10 mv
SOFT-START
Soft-Start Source Current Vgs = 100mV 3 pA
Soft-Start Sink Current Vss = (0.6V or VREFIN) 3 pA

Dual Mode is a trademark of Maxim Integrated Products, Inc.
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Low-Dropout, Wide-Input-Voltage,
Step-Down Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Vv+ = VWL = VavL = VEN = VREFIN = 5V, VBST = 6V, Vi.x = 1V, CyL = 4.7uF, CRerouT = 1uF, VAIN- = VAOUT, VAIN+ = 2.5V, VLM =
Vix - 0.2V, VFg = 0.65V, GND = PGND = 0V, Css = 0.01uF, RFReQ = 20kQ, Ta = -40°C to +85°C, typical values are at Ta = +25°C,
unless otherwise noted.) (Note 1)

PARAMETER | CONDITIONS MIN TYP  MAX | UNITS
FREQUENCY
RFREQ = 100kQ 140 240
Frequency RFREQ = 20.0kQ 800 1200 kHz
RFREQ = 14.3kQ 1100 1700
DH Minimum Off-Time 180 230 ns
DH Minimum On-Time 140 ns
FB ERROR AMPLIFIER
FB Input Bias Current 150 nA
FB Input Voltage Set Point Over load and line 0.591 0.606 \
FB Offset Error VREFIN = 1.25V and 2.5V, measured with respect to REFIN +20 -20 mV
ér;?r:-Amp Open-Loop Voltage Vcomp = 1.2V to 2.4V 72 dB
UNCOMMITTED OPERATIONAL AMPLIFIER (MAX8597 only)
Output Voltage Swing High VAIN+ = 2.5V, VAIN- = (VAIN+ - 100mV), ISOURCE = 100pA \;anLv v
Output Voltage Swing Low VAIN+ = 2.5V, VAIN- = (VAIN+ + 100mV), Isink = T00pA 20 mV
Input Offset Voltage Vcom = 1.25V and 2.5V -3 +3 mV
irép:\;li\t/g)ommon-Mode Range +0.50 Vg\l/;5 - v
DRIVERS
DH On-Resistance in Low State VBST - VX = 5V 25 Q
DH On-Resistance in High State | VBsT - ViLx = 5V 3.3 Q
DL On-Resistance in Low State VL = V4 =5V 1.0 Q
DL On-Resistance in High State | VyL = Vy4+ =5V 35 Q
BST Bias Current VBsT = 33V, Vi x = 28V, VEN = OV 520 PA
LX Bias Current VBsT = 33V, Vi x = 28V, VEN = OV -520 pA
BST/LX Leakage Current VBsT = VIx = 28V, VEN = OV 50 uA
LOGIC INPUTS (EN)
Input Low Level 4.5V < VyL = Vy4 = VayL < 5.5V 0.8 Y
Input High Level 4.5V < Vy| = Vy;+ = VayL < 5.5V 2.4 V
Input Bias Current VvL = Vy4+ = VavL = 5.5V, VEN =010 5.5V -1 +1 PA
REFIN INPUT (MAX8597 only)
REFIN Input Voltage Range 0 2.75 \
REFIN Dual-Mode Threshold VAL - VavL- 1y
1.0 0.5
REFIN Input Bias Current VREFIN = 1.25V or 2.5V -250 +250 nA

MAXIM 5
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MAX8597/MAX8598/MAX8599

Low-Dropout, Wide-Input-Voltage,
Step-Down Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Vv+ = VWL = VavL = VEN = VREFIN = 5V, VBST = 6V, Vi.x = 1V, CyL = 4.7uF, CRerouT = 1uF, VAIN- = VAOUT, VAIN+ = 2.5V, VLM =
Vix - 0.2V, VFg = 0.65V, GND = PGND = 0V, Css = 0.01uF, RFReQ = 20kQ, Ta = -40°C to +85°C, typical values are at Ta = +25°C,
unless otherwise noted.) (Note 1)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS

OV AND UV FAULT COMPARATORS

Upper FB Fault Threshold (OV) Rising edge, hysteresis = 15mV (MAX8599 only) 115 120 %
Lower FB Fault Threshold (UV) Falling edge, hysteresis = 15mV 67 73 %
POWER-OK OUTPUT (POK) (MAX8598/MAX8599 only)

Lower FB POK Threshold FB falling, hysteresis = 20mV 85 90 %
POK Output Low Level ISINK = 2mA 0.4 \
POK Output High Leakage Vpok = 5.5V 5 pA

Note 1: Limits to -40°C are guaranteed by design and characterization.

Typical Operating Characteristics
(Circuit of Figure 4, Ta = +25°C, 500kHz switching frequency, ViN = 12V, unless otherwise noted.)

EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT OUTPUT VOLTAGE
CIRCUIT OF FIGURE 1 CIRCUIT OF FIGURE 2 vs. LOAD CURRENT
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) S 10 4 ‘\ =
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3
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0.1 1 10 1 10 100 0 2 4 6 8 10 12 14 16 18 20
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OUTPUT VOLTAGE
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Low-Dropout, Wide-Input-Voltage,
Step-Down Controllers

(Circuit of Figure 4, Ta = +25°C, 500kHz switching frequency, ViN = 12V, unless otherwise noted.)
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Typical Operating Characteristics (continued)
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MAX8597/MAX8598/MAX8599

Low-Dropout, Wide-Input-Voltage,
Step-Down Controllers

Typical Operating Characteristics (continued)
(Circuit of Figure 4, Ta = +25°C, 500kHz switching frequency, ViN = 12V, unless otherwise noted.)

50% LOAD STEP AT 5A/us 90% LOAD STEP AT 5A/us

MAX8597 toc1 MAX8597 toc1

Vout P «4 100mV/div
(AC-COUPLED) |---ntemm et et
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. . . . ol 20A . . . - 20a
"""‘"‘"J Se————— lour : 1
lour o] 10
: o 2A

40us/div 40us/div

SHORT-CIRCUIT RESPONSE OUTPUT OVERVOLTAGE PROTECTION
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Ve P | s00mvdiv
I 20/div
VDH [ 10V/div
Iix 10A/div j { 5v/div
VDL ey [} (RN
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Low-Dropout, Wide-Input-Voltage,
Step-Down Controllers

Block Diagram

MAXIV + * ILIM
MAX8597
MAX8598 200pA
MAX8599 - oSt
FREQ >_— — DH
0SC CONTROL ® LX
R LOGIC
veel 1
PWM —
VL
1/20
COUNTER —DL
— PGND
REFERENCE REFOUT
(MAX8597)
AVL BIAS I
Yhes SOFT-START EN
COMP EAMP Vi
6ND — L VL
]__ 117 x VReg s
) REFIN
MAX8597
(MAX8599) ( 07 x Vi ( )
FB
AOUT _| POK
(MAX8597) — %A;(xg%%%&;/
N
AN+
(MAX8597) 0.88 X VReg L
AIN- -
(MAX8597)

MAXIM 9
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MAX8597/MAX8598/MAX8599

Low-Dropout, Wide-Input-Voltage,
Step-Down Controllers

Pin Description

PIN
NAME FUNCTION
MAX8597 MAX8598/
MAX8599

1 1 AVL Filtered VL Input. Connect to VL through a 10Q resistor. Bypass to GND with a 0.22uF or larger
ceramic capacitor.
External Reference Input. FB tracks the voltage input to REFIN. Connect REFIN to AVL to use

2 — REFIN .
the internal 0.6V reference.
Analog Ground. Connect to the exposed paddle and analog ground plane and then connect to

3 2 GND
PGND at the output ground.

4 3 3 Soft-Start Programming Input. Connect a capacitor from SS to GND to set the soft-start time.
See the Selecting the Soft-Start Capacitor section for details.
Feedback Input. Connect to the center tap of an external resistor-divider to set the output

5 4 FB voltage. Regulates to 0.6V for the MAX8598/MAX8599 and MAX8597 when REFIN is connected
to AVL. Regulates to VRerIN (MAX8597) when using an external reference.
Compensation Input. Connect to the required compensation network. See the Compensation

6 5 COMP . . .
Design section for details.

7 6 EN Enable Input. Drive EN high to enable the IC. Drive low to shut down the IC.

8 . REFOUT Internal Reference Output. REFOUT regulates to 2.5V and can source up to TmA. REFOUT
discharges to GND during UVLO.

9 7 Vi Input Supply Voltage for Internal VL Regulator. Connect to an input supply in the 4.5V to 28V
range. Bypass to GND with a 1uF or larger ceramic capacitor through a 3Q resistor.
Internal 5V Linear-Regulator Output. VL provides power for the internal MOSFET gate drivers.

10 8 VL Bypass to PGND with a 1pF or larger ceramic capacitor. VL is always enabled except in
thermal shutdown. See the Internal 5V Linear Regulator section for details.

11 9 DL Low-Side Gate-Driver Output. Connect to the gate of the synchronous rectifier. DL swings from
PGND to VL. DL is held low during shutdown.

12 10 PGND | Power Ground. Connect to the synchronous rectifier’'s source and PGND plane.

13 11 BST Bootstrap Input Supply for the High-Side MOSFET Driver. Connect to the cathode of an external
diode from VL and connect a 0.1pF or larger capacitor from BST to LX.

14 10 DH High-Side Gate-Driver Output. Connect to the gate of the high-side MOSFET. DH swings from
LX to BST. DH is low (connected to LX) during shutdown.
External Inductor Connection. LX is the low supply for the DH gate driver as well as the sense

15 13 LX connection for the current-limit circuitry. Connect LX to the switched side of the inductor as well
as the source of the high-side MOSFET and the drain of the synchronous rectifier.

16 14 ILIM Current-Limit Sense Input. Connect a resistor from ILIM to the current-sense point to set the
output current limit. See the Setting the Current Limit section for details.

10
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Low-Dropout, Wide-Input-Voltage,

Step-Down Controllers

Pin Description (continued)

PIN
MAX8598/ | NAME FUNCTION
MAX8597 MAX8599

17 15 FREQ Frequency Adjust Input. Connect a resistor from FREQ to GND to set the switching frequency.
The range of the FREQ resistor is 14.3kQ to 100kQ (corresponding to 1400kHz to 200kHz).
Output of the Uncommitted Operational Amplifier. AOUT is high impedance during

18 — AOUT
undervoltage lockout.

19 — AIN- Inverting Input of the Uncommitted Operational Amplifier

20 — AIN+ Noninverting Input of the Uncommitted Operational Amplifier

. 16 POK Power-OK Output. POK is an open-drain output that goes high impedance when the regulator
output is greater than 88% of the regulation threshold. POK is low during shutdown.

— — EP Exposed Paddle. Connect to analog ground plane for improved thermal performance.

Detailed Description

The MAX8597/MAX8598/MAX8599 voltage-mode PWM
step-down controllers are designed to operate from
4.5V to 28V input and generate output voltages down to
0.6V. A proprietary switching algorithm stretches the
duty cycle to >99.5% for low-dropout design. Unlike
conventional step-down regulators using a p-channel
high-side MOSFET to achieve high duty cycle, the
MAX8597/MAX8598/MAX8599 drive n-channel
MOSFETs permitting high efficiency and high-current
designs.

The MAX8597 is available in a 20-pin thin QFN pack-
age and is designed for applications that use an ana-
log signal to control the output voltage with adjustable
offset, such as DC fan speed control. For example, a
12VDC fan can be driven from 6V to 12V with 12V input
power source depending on the system’s cooling
requirement to minimize fan noise and power consump-
tion. This is achieved with an internal uncommitted
operational amplifier. With the addition of an external
RC filter, a PWM input can also be used to control the
output voltage. The MAX8597 also generates a tracking
output for chipsets, ASICs, and DSP where core and
I/O supplies are split and require tracking. In applica-
tions where tighter output tolerance is required, the
MAX8597 output can be set by an external precision
reference source feeding to REFIN. The MAX8598/
MAX8599 are available in a 16-pin thin QFN package
and do not have the uncommitted operational amplifier,
reference input, and reference output, but offer a power-
OK output (POK). With the enable input and POK out-
put, the MAX8598/MAX8599 can easily be configured to
have power sequencing of multiple supply rails.

MAXIM

The MAX8597/MAX8598/MAX8599 allow startup with
prebias voltage on the output for applications where a
backup supply or a tracking device may charge the
output capacitor before the MAX8597/MAX8598/
MAX8599 are enabled. The MAX8599 has output over-
voltage protection.

These controllers feature lossless high-side peak
inductor current sensing, adjustable current limit, and
hiccup-mode short-circuit protection. Switching fre-
quency is set with an external resistor from 200kHz to
1.4MHz. This wide frequency range combined with a
wide-bandwidth error amplifier enable the loop-com-
pensation scheme to give the user ample flexibility to
optimize for cost, size, and efficiency.

DC-DC Controller
The MAX8597/MAX8598/MAX8599 step-down DC-DC
controllers use a PWM voltage-mode control scheme. An
internal high-bandwidth (25MHz) operational amplifier is
used as an error amplifier to regulate the output voltage.
The output voltage is sensed and compared with an inter-
nal 0.6V reference or REFIN (MAX8597) 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 regula-
tion. The high-side MOSFET turns on at the rising edge of
the internal clock 20ns after DL (the low-side MOSFET
gate drive) goes low. The high-side MOSFET turns off
once the internal ramp voltage reaches the error-amplifier
output voltage. The process repeats for every clock
cycle. 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 MOS-
FET turns off, the energy stored in the inductor during the
on-time is released to support the load as the inductor

11

66S8XVIN/86S8XVIN/L6GBXVIN



MAX8597/MAX8598/MAX8599

Low-Dropout, Wide-Input-Voltage,

Step-Down Controllers

current ramps down through the low-side MOSFET body
diode; 20ns after DH goes low, the low-side MOSFET
turns on, resulting in a lower voltage drop to increase effi-
ciency. The low-side MOSFET turns off at the rising edge
of the next clock pulse, and when its gate voltage dis-
charges to zero, the high-side MOSFET turns on and
another cycle starts.

These controllers also sense peak inductor current and
provide hiccup-overload and short-circuit protection
(see the Current Limit section). The MAX8597/
MAX8598/MAX8599 operate in forced-PWM mode
where the inductor current is always continuous. The
controller maintains constant switching frequency
under all loads, except under dropout conditions where
it skips DL pulses.

Current Limit
The MAX8597/MAX8598/MAX8599 DC-DC step-down
controllers sense the peak inductor current either with
the on-resistance of the high-side MOSFET for lossless
sensing, or a series resistor for more accurate sensing.
When the voltage across the sensing element exceeds
the current-limit threshold set with ILIM, the controller
immediately turns off the high-side MOSFET. The low-
side MOSFET is then turned on to let the inductor cur-
rent ramp down. As the output load current increases
above the ILIM threshold, the output voltage sags
because the truncated duty cycle is insufficient to sup-
port the load current. When FB falls 30% below its nomi-
nal threshold, the output undervoltage protection is
triggered and the controller enters hiccup mode to limit
power dissipation. This current-limit method allows the
circuit to withstand a continuous output short circuit.

The MAX8597/MAX8598/MAX8599 current-limit thresh-
old is set by an external resistor that works in conjunc-
tion with an internal 200pA current sink (see the Setting
the Current Limit section for more details).

Synchronous-Rectifier Driver (DL)
Synchronous rectification reduces the conduction loss
in the rectifier by replacing the normal Schottky catch
diode with a low-resistance MOSFET switch. The
MAX8597/MAX8598/MAX8599 also use the synchro-
nous rectifier to ensure proper startup of the boost
gate-drive circuit.

12

High-Side Gate-Drive Supply (BST)
Gate-drive voltage for the high-side n-channel MOSFET is
generated by an external flying capacitor and diode boost
circuit (D1 and C5 in Figure 1). When the synchronous
rectifier is on, C5 is charged from the VL supply through
the Schottky diode. When the synchronous rectifier is
turned off, the Schottky is reverse biased and the voltage
on C5 is stacked above LX to provide the necessary turn-
on voltage for the high-side MOSFET. A low-current
Schottky diode, such as Central Semiconductor’s
CMDSH-3, works well for most applications. The capacitor
should be large enough to prevent it from charging to
excessive voltage, but small enough to adequately charge
during the minimum low-side MOSFET on-time, which
occurs at minimum input voltage. A capacitor in the 0.1pF
to 0.47uF range works well for most applications.

Internal 5V Linear Regulator
The MAX8597/MAX8598/MAX8599 contain a low-
dropout 5V regulator that provides up to 35mA to sup-
ply gate drive for the external MOSFETSs, and supplies
AVL, which powers the IC’s internal circuitry. Bypass
the regulator’s output (VL) with 1uF per 10mA of VL
load, or greater ceramic capacitor. The current
required to drive the external MOSFET can be estimat-
ed by multiplying the total gate charge (at Vas = 5V) of
the MOSFETSs by the switching frequency.

Undervoltage Lockout (UVLO)
When Vy| drops below 3.75V (typ), the MAX8597/
MAX8598/MAX8599s’ undervoltage-lockout (UVLO) cir-
cuitry inhibits switching, forces POK (MAX8598/
MAX8599) low, and forces DH and DL low. Once VyL
rises above 4.2V (typ), the controller powers up the out-
put in startup mode (see the Startup section).

Startup
The MAX8597/MAX8598/MAX8599 start switching once
all the following conditions are met:

1) ENis high.

2) VvL > 4.2V (typ).

3) Soft-start voltage Vss exceeds VFB.
4) Thermal limit is not exceeded.

The third condition ensures that the MAX8597/
MAX8598/MAX8599 do not discharge a prebiased out-
put. Once all of these conditions are met, the IC begins
switching and the soft-start cycle is initiated.

MAXIN
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Power-OK Signal

(POK, MAX8598/MAX8599 Only)

The power-OK signal (POK) is an open-drain output that
goes high impedance when FB is above 91% of its nom-
inal threshold. There is an eight clock-cycle delay before
POK goes high impedance. For 500kHz switching fre-
quency, this delay is typically 16us. To obtain a logic
voltage output, connect a pullup resistor from POK to
AVL. A 100kQ resistor works well for most applications.
If unused, connect POK to GND or leave it unconnected.

Enable and Soft-Start
The MAX8597/MAX8598/MAX8599 are enabled using
the EN input. A logic high on EN enables the output of
the IC. Conversely, a logic low on EN disables the out-
put. On the rising edge of EN, the controllers enter soft-
start. Soft-start gradually ramps up the reference
voltage seen at the error amplifier to control the output
rate of rise and reduce the inrush current during start-
up. The soft-start period is determined by a capacitor
connected from SS to GND (C6 in Figure 1). A 5pA cur-
rent source charges the external capacitor to the refer-
ence voltage (0.6V or VREFIN). The capacitor value is
determined as follows:

S5UA X tgg
VrB

C6 =

where tss is the soft-start time in seconds and VFB is
0.6V or VREFIN. The output reaches regulation when
soft-start is completed.

Output Undervoltage Protection (UVP)
Output UVP begins when the controller is at its current
limit and VFB is 30% below its nominal threshold. This
condition causes the controller to drive DH and DL low
and discharges the soft-start capacitor with a 5pA pull-
down current until Vss reaches 50mV. Then the con-
troller begins in soft-start mode. If the overload

MAXIM
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condition still exists, the UVP process begins again. The
result is “hiccup” mode, where the controller attempts to
restart periodically as long as the overload condition
exists. In hiccup mode, the soft-start capacitor voltage
ramps up to 112% of the nominal VFg threshold and
then ramps down to 50mV. For the MAX8597, VREFIN
must be greater than 450mV to trigger UVP. The soft-
start capacitor voltage then ramps up to 112% of VREFIN
and then down to 50mV.

Output Overvoltage Protection
(OVP, MAX8599)
The output voltage is continuously monitored for over-
voltage (MAX8599 only). If the output voltage is more
than 117% of its nominal set value, OVP is triggered
after a 12us (typ) delay. The MAX8599 latches DH low
to turn off the high-side MOSFET, and DL high to turn
on the low-side MOSFET to clamp the output to PGND.
The latch is reset either by toggling EN or by cycling V+
below the UVLO threshold. Note that DL latching high
causes a negative spike at the output due to the energy
stored in the output LC at the instant of OVP trip. If the
load cannot tolerate this negative spike, add a power
Schottky diode across the output to act as a reverse
polarity clamp.

Thermal-Overload Protection
Thermal-overload protection limits the total power dissi-
pation in the MAX8597/MAX8598/MAX8599. When the
junction temperature exceeds +160°C, a thermal sen-
sor shuts down the device, forcing DH and DL low,
allowing the IC to cool. The thermal sensor turns the
part on after the junction temperature cools by 10°C,
resulting in a pulsed output during continuous thermal-
overload conditions. During a thermal event, the switch-
ing converter is turned off, the reference is turned off,
the VL regulator is turned off, POK is high impedance,
and the soft-start capacitor is discharged.

13
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Design Procedure
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Figure 1. MAX8597 (600kHz): Live Adjustable Output Voltage from 6V to 12V at 10A
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Figure 2. 1.2V at 20A Output with Remote Sensing
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Design Procedure (continued)
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Figure 3. MAX8597 1MHz Tracking Supply with Clamp (Output voltage tracks VREFIN from OV up to the nominal output regulation
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Figure 4. MAX8598/MAX8599 500kHz, 1.2V, 20A Output Power Supply
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Setting the Output Voltage

Fixed Output Voltage
The output voltage is set by a resistor-divider network
from the output to GND with FB at the center tap (R4
and R5 in Figure 4). Select R4 between 5kQ and 15kQ
and calculate R5 by:

R5 = R4 x [( VouT/ VFB) - 1]

Live Adjustable Output Voltage (see Figure 1)
Using the uncommitted operational amplifier, the
MAX8597 can be configured such that the output volt-
age is adjustable using a voltage source (VaDJ). The
following parameters must be defined before starting
the design:

¢ The minimum desired output voltage, VOUT_MIN
e The maximum desired output voltage, VOUT_MAX

e The desired input that corresponds to the minimum
output voltage, VADJ_MIN

e The desired input that corresponds to the maximum
output voltage, VADJ_MAX

Select VAOUT (uncommitted operational-amplifier out-

put) between 0.05V and 3V and VAQuT_MAX higher

than VaAouT_mIN. Calculate the required AIN+ reference

(VAIN+) as:

VaoUT_MAX X VADJ_MAX = VAOUT _MIN X VADJ_MIN
(VapJ_Max - VapJ_miN) +(VaouT_Max - VAOUT_MIN)

VANt =

VAIN+ is set using a resistor-divider from REFOUT to
GND (R6 and R7). Select R7 to be approximately 50kQ
as a starting point and then calculate R6 as:

R6 = R7 x [(2.5V / VAIN+) - 1]
Select R4 to be 100kQ and calculate R5 as:

(Vaing - VaouTt_miN) x R4

R5 =
(VADJ_MAX - VaiNg)

Select R9 between 5kQ and 15kQ, then calculate R8
and R10 as follows:

[(VOUT,M\N Ve )% (Ves - Vaout_wmin )+ (Vout _max - Ve ) x (Vaout _max - Ves )]
R8 = xR9

((VOUT,MAX - VFB)’ (VOUT,M\N -Vr8 )) xVrB

R8xR9x (Vour_max - Vks)

R0 =
(Ve xR8)+ [(VFB ~VAQUT_MIN)X Rg]

where VFB is the feedback regulation voltage (0.6V with
REFIN connected to AVL).
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Additionally, to minimize error, R6 and R7 should be
chosen such that:

R6 x R7 R4 x R5
R6 + R7 R4 + R5

Inductor Selection
There are several parameters that must be examined
when determining which inductor is to be used: input
voltage, output voltage, load current, switching fre-
quency, and LIR. LIR is the ratio of inductor current rip-
ple to DC load current. A higher LIR 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 the parameters are
chosen, the inductor value is determined as follows:

Vout * (Vi - Vour)
VN x fs X ILoapmax) x LIR

L =

where fg is the switching frequency. Choose a standard
value close to the calculated value. The exact inductor
value is not critical and can be adjusted in order to
make trade-offs among size, cost, and efficiency.
Lower inductor values minimize size and cost, but also
increase the output ripple and reduce the efficiency
due to higher peak currents. On the other hand, higher
inductor values increase efficiency, but eventually
resistive losses due to extra turns of wire exceed the
benefit gained from lower AC current levels. Find a low-
loss inductor having 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
saturation current rating must exceed the peak inductor
current determined as:

LIR
lPEAK = ILOADMAX) + (Tj X lILoADMAX)

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 circuit’'s switching.
The input capacitor must meet the ripple current
requirement (IRMS) imposed by the switching currents
defined by the following equation:

lLoap * |Vout x (M -Vour)
IRMS = i

MAXIN




Low-Dropout, Wide-Input-Voltage,

IRMS has a maximum value when the input voltage
equals twice the output voltage (VIN = 2 x VOUT), SO
IRMS(MAX) = ILOAD / 2. Ceramic capacitors are recom-
mended due to their low ESR and ESL at high frequen-
cy, with relatively lower cost. Choose a capacitor that
exhibits less than 10°C temperature rise at the maximum
operating RMS current for optimum long-term reliability.

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, which
affect the overall stability, output ripple voltage, and
transient response. The output ripple has three compo-
nents: variations in the charge stored in the output
capacitor, voltage drop across the capacitor’'s ESR,
and voltage drop across the capacitor’s ESL, caused
by the current into and out of the capacitor. The follow-
ing equations estimate the worst-case ripple:

VRIPPLE = VRIPPLE(ESR) *+ VRIPPLE(ESL) + VRIPPLE(C)
VRIPPLE(ESR) = IP-p % ESR
Vi x ESL
L+ ESL
p_p
8 X COUT X fs

pop = | IN=VOUT | [ Mout
) fs x L iN

where Ip-p is the peak-to-peak inductor current.

The response to a load transient depends on the select-
ed output capacitor. After a load transient, the output
instantly changes by (ESR x AlLoaD) + (ESL x di/dt).
Before the controller can respond, the output deviates
further depending on the inductor and output capacitor
values. After a short period 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 higher bandwidth, the response
time is faster, preventing the output capacitor voltage
from further deviation from its regulation value. Do not
exceed the capacitor’s voltage or ripple current ratings.

VRIPPLE(ESL) =

VRIPPLE(C) =

MAXIM
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MOSFET Selection
The MAX8597/MAX8598/MAX8599 controllers drive
external, logic-level, n-channel MOSFETs as the circuit-
switch elements. The key selection parameters are:

¢ On-resistance (RDS(ON)): the lower, the better.

e Maximum drain-to-source voltage (Vpss): should be
at least 20% higher than the input supply rail at the
high-side MOSFET’s drain.

e Gate charges (Qg, Qgd, Qgs): the lower, the better.

Choose MOSFETs with Rpg(ON) rated at Vas = 4.5V. For
a good compromise between efficiency and cost,
choose the high-side MOSFET that has conduction loss
equal to the switching loss at the nominal input voltage
and maximum output current. For the low-side MOSFET,
make sure it does not spuriously turn on due to dv/dt
caused by the high-side MOSFET turning on, resulting in
efficiency degrading shoot-through current. MOSFETs
with a lower Qgd/Qgs ratio have higher immunity to dv/dt.

For proper thermal-management design, the power dis-
sipation must be calculated at the desired maximum
operating junction temperature, maximum output current,
and worst-case input voltage (for low-side MOSFET,
worst case is at VIN(MAX); for high-side MOSFET, it could
be either at VIN(MIN) or VIN(MAX)).

High-side and low-side MOSFETs have different loss
components due to the circuit operation. The low-side
MOSFET operates as a zero-voltage switch; therefore,
the major losses are the channel-conduction loss
(PLscc) and the body-diode conduction loss (PLSDC):

PLscc = [1 - (VouT / VIN)] x (ILOAD)? X RDS(ON)
PLSDC = 2 x ILOAD X VF X tdt x fg

where VF is the body-diode forward-voltage drop, tgt is
the dead-time between the high-side MOSFET and the
low-side MOSFET switching transitions, and fs is the
switching frequency. The high-side MOSFET operates
as a duty-cycle control switch and has the following
major losses: the channel-conduction loss (PHscc), the
V-l overlapping switching loss (PHssw), and the drive
loss (PHSDR). The high-side MOSFET does not have
body-diode conduction loss because the diode never
conducts current:

PHscc = (VouT / VIN) x ILOAD? x RDS(ON)
Use RDS(ON) at TJ(MAX):
PHssw = VIN x ILOAD x fs x [(Qgs + Qgd) / IGATE]

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

IGATE = 2.5/ (RDH + RGATE)

17
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where RpH is the high-side MOSFET driver's average
on-resistance (1.25Q typ) and RGATE is the internal
gate resistance of the MOSFET (typically 0.5Q to 2Q):

PHSDR = Qgs x VGS x fs x RGATE / (RGATE + RDH)
where Vgs ~ VyL = 5V.

In addition to the losses above, add approximately
20% more for additional losses due to MOSFET output
capacitances and low-side MOSFET body-diode
reverse-recovery charge dissipated in the high-side
MOSFET that exists, but is not well defined in the
MOSFET data sheet. Refer to the MOSFET data sheet
for thermal-resistance specification to calculate the
PC board area needed to maintain the desired maxi-
mum operating junction temperature with the above-
calculated power dissipation. To reduce EMI caused
by switching noise, add a 0.1pF or larger ceramic
capacitor from the high-side switch drain to the low-
side switch source or add resistors in series with DH
and DL to slow down the switching transitions.
However, adding a series resistor increases the power
dissipation of the MOSFETSs, so be sure this does not
overheat the MOSFETs. The minimum load current must
exceed the high-side MOSFET’'s maximum leakage plus
the maximum LX bias current over temperature.

Setting the Current-Limit
The MAX8597/MAX8598/MAX8599 controllers sense
the peak inductor current to provide constant-current
and hiccup current limit. The peak current-limit thresh-
old is set by an external resistor (R2 in Figure 1) togeth-
er with the internal current sink of 200pA. The voltage
drop across the resistor R2 due to the 200pA current
sets the maximum peak inductor current that can flow
through the high-side MOSFET or the optional current-
sense resistor (between the high-side MOSFET source
and LX) by the equations below:

IPEAK(MAX) = 200pA x R2 / RDSON(HSFET)

IPEAK(MAX) = 200pA x R2 / RSENSE

The actual corresponding maximum load current is
lower than the IPEAK(MAX) by half of the inductor ripple
current. If the Rpg(oN) of the high-side MOSFET is used
for current sensing, use the maximum RpS(ON) at the
highest operating junction temperature to avoid false
tripping of the current limit at elevated temperature.
Consideration should also be given to the tolerance of
the 200pA current sink. When the Rps(on) of the high-
side MOSFET is used for current sensing, ringing on
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the LX voltage waveform can interfere with the current
limit. Below is the procedure for selecting the value of the
series RC snubber circuit (R14 and C14 in Figure 1):

1) Connect a scope probe to measure Vi x 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 (CpaRr) at LX is
then equal to 1/3 the value of the added capaci-
tance above. The circuit parasitic inductance (LPAR)
is calculated by:

1

(21‘: X fR)Z xCpaAR

LpaR =

The resistor for critical dampening (R14) is equal to 2r x
fR x LPAR. Adjust the resistor value up or down to tailor
the desired damping and the peak voltage excursion.

The capacitor (C14) should be at least 2 to 4 times the
value of the CpaR in order to be effective. The power
loss of the snubber circuit is dissipated in the resistor
(R14) and is calculated as:

PR14 = C14 x (VIN)2 x fs

where V|N is the input voltage and fs is the switching
frequency. Choose an R14 power rating that meets the
specific application’s derating rule for the power dissi-
pation calculated.

Additionally, there is parasitic inductance of the cur-
rent-sensing element, whether the high-side MOSFET
(LSENSE_FET) or the optional current-sense resistor
(LRSENSE) are used, which is in series with the output
filter inductor. This parasitic inductance, together with
the output inductor, forms an inductive divider and
causes error in the current-sensing voltage. To com-
pensate for this error, a series RC circuit can be added
in parallel with the sensing element (see Figure 5). The
RC time constant should equal LRSENSE / RSENSE, or
LSENSE_FET / RDS(ON). First, set the value of R equal to or
less than R2 / 100. Then, the value of C is calculated as:

C = LRSENSE / (RSENSE x R) or

C = LseNSE_FET / (RDS(ON) x R)
Any PC board trace inductance in series with the sens-
ing element and output inductor should be added to
the specified FET or resistor inductance per the
respective manufacturer’s data sheet. For the case of
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R2
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=
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LX

DL
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DH

LX

DL

Figure 5. Adding RC for More Accurate Sensing

the MOSFET, it is the inductance from the drain to the
source lead.

Alternately, to save board space and cost, the RC net-
works above can be omitted; however, the value of
RiLim should be raised to account for the voltage step
caused by the inductive divider.

An additional switching noise filter may be needed at
ILIM by connecting a capacitor in parallel with R2 (in
the case of Rpbs(oN) sensing) or from ILIM to LX (in the
case of resistor sensing). For the case of RDs(ON) sens-
ing, the value of the capacitor should be:

C3>15/(n x fs x R2)
For the case of resistor sensing:
C3<25x109/R2

Selecting the Soft-Start Capacitor
An external capacitor from SS to GND is charged by an
internal 5pA current source, to the corresponding feed-
back threshold. Therefore, the soft-start time is calculat-
ed as:

tss = Css x VFB / SpA
For example, 0.033uF from SS to GND yields approxi-
mately a 3.96ms soft-start period.

In the tracking application (see Figure 3), the output
voltage is required to track REFIN during REFIN rise
and fall time. Css must be chosen so that tss is less
than REFIN rise and fall time.

Compensation Design
The MAX8597/MAX8598/MAX8599 use a voltage-mode
control scheme that regulates the output voltage by

MAXIM

comparing the error-amplifier output (COMP) with a
fixed internal ramp to produce the required duty cycle.
The error amplifier is an operational amplifier with
25MHz bandwidth to provide fast response. The output
lowpass LC filter creates a double pole at the resonant
frequency that introduces a gain drop of 40dB per
decade and a phase shift of 180 degrees per decade.
The error amplifier must compensate for this gain drop
and phase shift to achieve a stable high-bandwidth
closed-loop system. The Type Ill compensation
scheme (Figure 6) is used to achieve this stability.

The basic regulator loop can be thought of as consist-
ing of a power modulator and an error amplifier. The
power modulator has a DC gain set by VIN / VRAMP,
with a double pole, fp_Lc, and a single zero, fz_ESR, set
by the output inductor (L), the output capacitor (Co),
and its equivalent series resistance (RESR). Below are
the equations that define the power modulator:

ViN
RAMP
1

2n\LxCo
_ 1
21 X RESR XCO

Gmop(e) = , where Vramp =1V (typ)
fp_Lc =
fz_Esr

where Co is the total output capacitance and REgSR is
the total ESR of the output capacitors.
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When the output capacitor is comprised of paralleling n
number of the same capacitors, then:

Co =nx CEACH
and

RESR = RESR_EACH / n

Thus, the resulting fz_ESR is the same as that of a sin-
gle capacitor.

The total closed-loop gain must be equal to unity at the
crossover frequency, where the crossover frequency is
less than or equal to 1/5 the switching frequency (fs):

fc<fs/5
So the loop-gain equation at the crossover frequency is:
GEA(FC) x GMOD(FC) = 1

where GEA(FC) is the error-amplifier gain at fc, and
GMOD(FC) is the power-modulator gain at fc.

The loop compensation is affected by the choice of out-
put filter capacitor 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 and have low capaci-
tance and low ESR; therefore, the ESR-zero frequency
is higher than the closed-loop crossover frequency.
Electrolytic capacitors (e.g., tantalum, solid polymer,
and OS-CON) are needed for lower switching frequen-
cies and have high capacitance (and some have high-
er ESR); therefore, the ESR-zero frequency can be
lower than the closed-loop crossover frequency. Thus,
the compensation design procedures are separated
into two cases:

Case 1: Crossover frequency is less than the out-
put-capacitor ESR-zero (fc < fz_ESR).

The modulator gain at fc is:

Gmob(Fe) = Gmop(be) x (fP_Lc / fc)?
Since the crossover frequency is lower than the output
capacitor ESR-zero frequency and higher than the LC
double-pole frequency, the error-amplifier gain must
have a +1 slope at fc so that, together with the -2 slope
of the LC double pole, the loop crosses over at the
desired -1 slope.

The error amplifier has a dominant pole at a very low
frequency (~0Hz), and two additional zeros and two
additional poles as indicated by the equations below
and illustrated in Figure 7:

fz1 EA=1/(271x R4 xC2)
fzo EA=1/(2nx(R1+R3)xC1)

20

fPo EA=1/(2nxR3xC1)
fP3 EA=1/(2mn x R4 x (C2x C3/(C2 + C3)))

Note that fz2 Ea and fp2_EA are chosen to have the
converter closed-loop crossover frequency, fc, occur
when the error-amplifier gain has +1 slope, between
fzo EA and fp2_Ea. The error-amplifier gain at fc must
meet the requirement below:
GEA(FCc) = 1/ GMOD(FC)

The gain of the error amplifier between fz1_Ea and
fzo EAis:

GEA(fZ1_EA - fZ2_EA) = GEA(FC) X fz2_EA / fC = fz2_EA / (fC x GMOD(FC))

This gain is set by the ratio of R4/R1 (Figure 6), where
R1 is calculated as illustrated in the Setting the Output
Voltage section. Thus:

R4 = R1 x fzo_gA / (fc x GMOD(FC))
where fz2 EA = fP_LC.

Due to the underdamped (Q > 1) nature of the output
LC double pole, the first error-amplifier zero frequency
must be set less than the LC double-pole frequency in
order to provide adequate phase boost. Set the error-
amplifier first zero, fz1_Ea, at 1/4 of the LC double-pole
frequency. Hence:

C2=2/(nxR4xfp_LC)
Set the error amplifier fp2_ga at fz_ ESR and

fa . . f
f at = iff is less than=.
p3_EA 2 Z/_ESR 5

If £z Esr is greater than % then set

f
pr_EA at%and fpS_EA at fZ_ESR'

The error-amplifier gain between fp2 Ea and fp3 EA is
set by the ratio of R4/RM and is equal to:

GEA(fZ1_EA - fz2_EA) X (fP2_EA / TP_LC)
where RM = R1 x R3/(R1 + R3). Then:

RM = R4 x fp_L.c / (GEA(fZ1_EA - f72_EA) X fP2_EA)
= R4 x fc x GMOD(FC) / fP2_EA

The value of R3 can then be calculated as:
R3 =R1xRM/(R1-RM)
Now we can calculate the value of C1 as:
Ct1=1/(2nxR3xfp2_EA)
and C3 as:
C3=C2/((2nxC2xR4xfp3 Ea)-1)

MAXIN
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Case 2: Crossover frequency is greater than the
output-capacitor ESR zero (fc > fz ESR).

The modulator gain at fc is:

GmoD(Fc) = GMoD(De) X (fP_LC)? / (fZ_ESR x fC)
Since the output-capacitor ESR-zero frequency is high-
er than the LC double-pole frequency but lower than
the closed-loop crossover frequency, where the modu-
lator already has -1 slope, the error-amplifier gain must
have zero slope at fc so the loop crosses over at the
desired -1 slope.

The error-amplifier circuit configuration is the same as
case 1 above; however, the closed-loop crossover fre-
quency is now between fp2 and fp3 as illustrated in
Figure 8.

The equations that define the error amplifier’s zeros
(fz1_eA, fz2_gA) and poles (fp2_eA, fP3_EA) are the
same as case 1; however, fp2_EA is now lower than the
closed-loop crossover frequency. Therefore, the error-
amplifier gain between fz1_ga and fz2_ga is now calcu-
lated as:

GEA(fz1_EA - fz2_EA) = GEA(FC) x fz2_EA / fP2_EA = fz2_EA / (fP2_EA X GMOD(FC))

This gain is set by the ratio of R4/R1, where R1 is calcu-
lated as illustrated in the Setting the Output Voltage
section. Thus:

R4 = R1 x fzo_gA / (fP2_EA X GMOD(FC))
where fzo_EA = fp_L.C and fpo_EA = fZ_ESR.
Similar to case 1, C2 is calculated as:

C2=2/(nxR4xfp_LC)

Step-Down Controllers

Set the error-amplifier third pole, fp3_Ea, at half the
switching frequency, and let RM = (R1 x R3) / (R1 +
R3). The gain of the error amplifier between fp2_ga and
fP3_EA is set by the ratio of R4/RM and is equal to
Gea(Fc) = 1/ GMOD(FC). Then:
RM = R4 x GMOD(FC)
Similar to case 1, R3, C1, and C3 are calculated as:
R3 =R1xRM/(R1-RM)
C1=1/(2n xR3 x fz_ESR)
C3=C2/((2nxC2x R4 xfp3 EA)- 1)

GAIN
(dB)
A

CLOSED-LOOP GAIN

EA GAIN

»

FREQUENCY

Figure 7. Closed-Loop and Error-Amplifier Gain Plot for Case 1
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Figure 6. Type Il Compensation Network

MAXIM

Figure 8. Closed-Loop and Error-Amplifier Gain Plot for Case 2
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Applications Information

PC Board Layout Guide
Careful PC board layout is critical to achieve low
switching losses and clean, stable operation. The
switching power stage requires particular attention.
Follow these guidelines for good PC board layout:

1) Place the high-side MOSFET close to the low-side
MOSFET and arrange them in such a way that the
drain of the high-side MOSFET and the source of
the low-side MOSFET can be tightly decoupled with
a 10uyF or larger ceramic capacitor. The MOSFETs
should also be placed close to the controller IC,
preferably not more than 1.5in away from the IC.

2) Place the IC’s pin decoupling capacitors as close to
pins as possible.

3) A current-limit setting resistor must be connected from
ILIM directly to the drain of the high-side MOSFET.

4) Try to keep the LX node connection to the IC pin
separate from the connection to the flying boost
capacitor.

5) Keep the power ground plane (connected to the
source of the low-side MOSFET, PGND pin, input
and output capacitors’ ground, VL decoupling
ground) and the signal ground plane (connected to
GND pin and the rest of the circuit ground returns)
separate. Connect the two ground planes together
at the ground of the output capacitor(s).

6) Place the RC snubber circuit as close to the low-
side MOSFET as possible.

7) Keep the high-current paths as short as possible.

8) Connect the drains of the MOSFETSs to a large cop-
per area to help cool the devices and further
improve efficiency and long-term reliability.

9) Ensure the feedback connection is short and direct.
Place the feedback resistors as close to the IC as
possible.

10) Route high-speed switching nodes, such as LX,
DH, and DL away from sensitive analog areas (FB,
COMP, ILIM, AIN+, AIN-).

Refer to the MAX8597/MAX8598/MAX8599 evalua-
tion kit for a sample board layout.

Pin Configurations

THIN QFN
4mm x 4mm

TOP VIEW o
> = G (&) —
— (=) oo o o
1150 1140 13) 120 11
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rea[177 Ay I
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22

Chip Information

TRANSISTOR COUNT: 4493
PROCESS: BiICMOS

MAXIN




Low-Dropout, Wide-Input-Volitage,
Step-Down Controllers

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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Package Information (continued)

(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.)

COMMON DIMENSIONS EXPOSED PAD VARIATIONS
PKG 12L 4x4 16L 4x4 20L 4x4 24L 4x4 28L 4x4 PKG. D2 E2 M
REF. | MIN. [NOM. | MAX. | MIN. | NOM. | MAX. | MIN. | NOM. | MAX.| MIN. | NOM. | MAX. | MIN. | NOM.| MAX. | [ cODES MIN. | NOM. [ Max.| MIN. | NOM. | MaX. |aLLowen
A 0.70 |0.75 | 0.80 | 0.70 |0.75 | 080 | 0.70 [0.75 | 0.80 | 0.70 | 0.75 | 0.80 | 0.70 [0.75 | 080 | [Ti244—2 [ 195|210 225|195 [ 210 [225] o
Al 00 |002 [005] 00 |oo2 [005 | 00 |002 | 005] 00 [ 002 ] 005 00 [ o002 | 005 T1244-3 | 195 | 210 [ 225] 195 | 210 [ 225 veS
A2 020 REF 0.20 REF 0.20 REF 0.20 REF 020 REF T1244-4 | 195 | 210 | 225| 195 | 210 [225| o
b 0.25 | 0.30 035|025 | 030 | 0.35 | 0.20 | 0.25 030 | 048 | 0.23 | 0.30 | 0.1S | 020 | 025 Ti644-2 195 210 | 225 | 195 210 | 225
D 390 [400 | 410 [3.90 [400 [ 410 | 390 400 | 410 [3.90 [ 400 [ 410 [ 390 [ 400 | 420 Tie44-3 | 195 | 210 225 195 | 210 [225] vES
E 390 [400 | 410 [3.90 [ 400 [ 410 | 390 [ 400 | 40 [3.90 [ 400 [ 410 [ 390 | 400 | 420 Tie44-4 | 195 | 210 [225[ 195 | 210 [225| No
e 0.80 BSC. 0.65 BSC. 050 BSC. 0.50 BSC. 0.40_BSC. T2044-1 | 195 | 210 | 225| 195 | 210 [225| o
K 025 | - - Joas] - [ - Joas] - ] - Joas] -1 - Joes[ - - T2044-2 | 195 | 210 | 225| 195 | 210 | 225 vES
L 0.45 [055 | 065 [0.45 | 055 [ 0.65 | 045055 | 065 0.30 [ 0.40 | 0.50 | 030 | 0.40 | 050 T2044-3 | 195 | 210 [225] 195 | 210 [225| Nao
N 12 16 20 24 28 T2444-1 | 245 | 260 [ 263 [ 245 | 260 [263] N
ND 3 4 5 6 7 124442 | 195 | 210 [2es5[ 195 [ 210 [ees| ves
NE 3 4 5 6 7 12444-3 | 245| 260[ 263[ 245 260[ 263] vES
| Jedec VGGB WGGC WGGD-1 WGGD—2 WGGE Te444-4 | 245| 260[263]| 245 260 263[ NO
12844-1 | 250 | 260 270 250 | 260|270 | N
NOTES:
1. DIMENSIONING & TOLERANCING CONFORM TO ASME Y14.5M—1994.
2. ALL DIMENSIONS ARE IN MILLIMETERS. ANGLES ARE IN DEGREES.
3. N IS THE TOTAL NUMBER OF TERMINALS.
/A THE TERMINAL #1 IDENTIFIER AND TERMINAL NUMBERING CONVENTION SHALL CONFORM TO
JESD 951 SPP—012. DETAILS OF TERMINAL #1 IDENTIFIER ARE OPTIONAL, BUT MUST BE LOGATED WITHIN
THE ZONE INDICATED. THE TERMINAL #1 IDENTIFIER MAY BE ETTHER A MOLD OR MARKED FEATURE.
A\ DIMENSION b APPLIES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN 0,25 mm AND 0.30 mm
FROM TERMINAL TFP.
/B\ ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E SIDE RESPECTIVELY.
7. DEPOPULATION IS POSSIBLE IN A SYMMETRICAL FASHION.
ﬁ\ COPLANARITY APPLEES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERMINALS.
DRAWING CONFORMS TO JEDEC MO220, EXCEPT FOR T2444—1, T2444—3, T2444—4 AND T2B44—1,
& MARKING IS FOR PACKAGE ORIENTATION REFERENCE ONLY.
11. COPLANARTTY SHALL NOT EXCEED 0.08mm
12. WARPAGE SHALL NOT EXCEEND 0.10mm S DALLAS .y
LEAD GENTERLINES TO BE AT TRUE POSITION AS DEFINED BY BASIC DIMENSION “e”, +0.05. E]B.“m / VI /J ‘I / VI
TTLE pACKAGE OUTLINE,
12, 16, 20, 24, 28L THIN QFN, 4x4x0.8mm
APPROVAL DOCUMENT CONTROL NO. REV. 2
-DRAWING NOT TO SCALE- 21-0139 D

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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