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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.

66S8XVIN/86S8XVIN/L6GBXVIN



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.

4
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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
100 — . 100 — N 1.210 2
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o T B i
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= LTI e * [z =
= 8 [ voyr-6v g A Voyr =1.8V =
) S 10 4 ‘\ =
& 80 i 1] < 1.200
2 2 60 Vour=1.2V =
S 75 & E
3
70 %0 1.195
60 30 1190
0.1 1 10 1 10 100 0 2 4 6 8 10 12 14 16 18 20
LOAD CURRENT (A) LOAD CURRENT (A) ILoAD (A)
OUTPUT VOLTAGE
vs. INPUT VOLTAGE POWER-UP WAVEFORMS POWER-DOWN WAVEFORMS
MAX8597 tocO! MAX8597 toc06
1.210 5 T T P
g Vv Vau " 5V/div
_ 1205
= S P
§ |L0/‘\D=0/‘A 10A/div Ix F-- L Lo L 10A/div
— I I : : . N N .
<] 1 1
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o o et L
2 wev o f A
15— L e B
10V/div 10V/div
1.190 . -
100 105 110 115 120 125 130 135 140 oms/div 2msy/div
Vin (V)
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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
IMAX8597 toc1 MAX8597 toc1
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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
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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

Step-Down Controllers

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

voltage.)
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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 effici