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4.5V to 36V, 1A, High-Efficiency,

Synchronous Step-Down DC-DC Converter

Product Highlights

Reduces External Components and Total Cost

* No Schottky—Synchronous Operation

+ Internal Control Loop Compensation

* Internal Soft-Start

» All ceramic Capacitors, Ultra-Compact Layout

Reduces Number of DC-DC Regulators to Stock
* Wide 4.5V to 36V Input Voltage Range
* Adjustable Output from 0.9V up to 89% of V|N

» Delivers Up to 1A Load Current

High Efficiency

* 90% Full-Load Efficiency (V|N = 24V, VouT = 5V,
louT = 1A)

o 2.2pA (typ) Shutdown Current

« High Light-Load Efficiency with PFM Mode
(MAX17645D)

Flexible Design

* Programmable EN/UVLO Threshold

* Monotonic Startup into Prebiased Output

* Open-Drain Output (RESET) for Output Status
Monitoring

Robust Operation

 Built-in Hiccup Mode Overload Protection

+ Overtemperature Protection

* CISPR32 Class B Compliant

* Wide -40°C to +125°C Ambient Operating
Temperature/-40°C to +150°C Junction
Temperature

Key Applications

Factory Automation

Within the many different applications in the Factory
Automation space, one key need is the ability to
generate less heat. Heat within the system needs to
be managed to prevent overheating and shutdown.
The MAX17645 dissipates less heat as it is a fully
synchronous integrated FET DC-DC converter with
high efficiency.

Aftermarket Market Automotive

Asset tracking application is an example within the
aftermarket automotive space where the MAX17645
would provide a benefit. Asset tracking has increased
in popularity, as the ability to wirelessly connect to the
monitors has become easier. Typically, these units
are designed to be as small as possible. The

MAX17645

MAX17645 has integrated FETS and integrated
compensation, all delivered in a small solution size.
Small size and fewer components help to reduce
overall design costs for the system.

General Point of Load

General point of load is a generic term that applies to
a switching regulator that serves many applications
and design environments. Critical to any environment
is the robustness of the power conversion. With an
operating range of -40°C to +125°C, current limit
protection, overtemperature protection, and the
ability to adhere to the CISPR32 class B emission
standards, the MAX17645 delivers a small, high
efficient power conversion in the most adverse
environments and provides the designer the peace of
mind that it is robust and reliable.

Simplified Application Diagram

VIN Vout
}[ IN LX
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Ordering Information appears at end of data sheet.
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MAX17645

Absolute Maximum Ratings

VINTOPGND ..o e -0.3V to +40V
EN/UVLO t0 SGND .....cocovvrereierererean. -0.3V to (Vi + 0.3V)
LX t0 PGND........cvvcerceereceeseeeeseeeeseeeeneee -0.3Vto (Vi + 0.3V)
Ve, FB O SGND ..o -0.3V to +6.0V
RESET t0 SGND ..o, -0.3V to +5.5V
PGND t0 SGND......coveiverrricresere e -0.3V to +0.3V
LX total RMS CUITeNt .....cevveeieiiiiiieeee e +1.2A

4.5V to 36V, 1A, High-Efficiency, Synchronous

Step-Down DC-DC Converter

Output Short-Circuit Duration.............ccccevveeeeinnnnns Continuous
Continues Power Dissipation (T = +70°C) 8-Pin TDFN (derate
13.9mW/°C above +70°C)......ccceermiiniieiiieiieesieenine 1110mwW
Operating Temperature Range (Note 1)......... -40°C to +125°C

Junction Temperature

Storage Temperature Range
Soldering Temperature (reflow)..........ccccooviiieiniiiennnn. +260°C

Lead Temperature (soldering, 10S) .........cccceeviuveeannnennn +300°C

Note 1: Junction temperature greater than +125°C degrades operating lifetimes.

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.

Package Information

8 TDFN

Package Code T822CN+1
Outline Number 21-0487
Land Pattern Number 90-0349
Thermal Resistance, Four Layer Board*

Junction-to-Ambient (6;4) 72°CIW
Junction-to-Case Thermal Resistance (8;c) 20°C/W

*Package thermal resistances were obtained using the MAX17645 evaluation kit with no airflow

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

pertains to the package regardless of RoHS status.
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MAX17645

Electrical Characteristics
(VIN = VEN/UVLO = 24V, VpgND = VsgnD = 0V, Cycc = 1pF, VEg = 1V, LX = RESET = Unconnected, Tp = -40°C to +125°C, unless

otherwise noted. Typical values are at T = +25°C. All voltages are referenced to SGND, unless otherwise noted (Note 2))

4.5V to 36V, 1A, High-Efficiency, Synchronous

Step-Down DC-DC Converter

PARAMETER ‘ SYMBOL CONDITIONS MIN TYP MAX UNITS
INPUT SUPPLY (V)
Input Voltage Range VIN 4.5 36 \%
Input Shutdown Current lIN-SH VEN/UVLO = OV (Shutdown mode) 2.2 HA
lQ-PFM Vig = 1.03 X VEg_REG (MAX17645D) 115 170 PA
Input Supply Current | Normal switching mode, Vg = 0.8V 3.85 A
QPWM | (MAX176458B) ‘ m
ENABLE/UVLO (EN/UVLO)
VENR VEN/UVLO fising 1.19 1.215 1.24
V V fallin
ENJUVLO Threshold ENF EN/UVLO . g 1.06 1.09 1.15 \Y
VEN-TRUESD | VEN/UVLO falling, true shutdown 0.75
EN/UVLO Input leNuvLo | 0= VENuUVLO S 1.5V, Ta = +25°C -50 +50 nA
Leakage Current
LDO (Vee)
vV Vol
cc Output Voltage Vee BV < V)N 36V, OmA < lycc < 10mA 4.75 5 5.25 Y
Range
Vcc Current Limit lvce-MAX Vce =4.3V, V)y =12V 15 35 55 mA
Vcc Dropout Vce-po VIN = 4.5V, lyce = 5mA 0.15 0.3 \Y;
Vce- Vc rising 4.05 4.18 4.3
Vee UVLO CC-UVR cc ' v
Vce-uvr | Ve falling 37 3.8 3.95
POWER MOSFETs
High-Side pMOS On- Rps-oNH | ILx = 0.3A, (sourcing) 500 925 mQ
Resistance
Low-Side nMOS On- Rps-onL | lLx = 0-3A, (sinking) 165 300 mQ
Resistance
VEN/UVLO = OV, Vi x = (Venp + 1V) to
I .
LX Leakage Current LX-LKG (VN -1V), Ta = Ty = 25°C 100 +100 nA
SOFT-START (SS)
Soft-Start Time tss 2.9 3.15 34 ms
FEEDBACK (FB)
) MAX17645B 0.890 0.9 0.910
FB Regulation Voltage VEB-REG Y
MAX17645D 0.890 0.915 0.936
FB Leakage Current Ik Ta=Ty=25°C -25 nA
CURRENT LIMIT
Peak Current-Limit IPEAK-LIMIT 1.65 1.88 2.1 A
Threshold
_Limi [ i
Runaway Current-Limit RUNAWAY 2.05 244 27 A
Threshold LIMIT
Negative Current-Limit | MAX17645B -1.26 -11 -0.9 A
NEG-LIMIT
Threshold MAX17645D -50 0 50 mA
PFM Peak Current Limit IpFM MAX17645D 0.38 0.43 0.48 A
Threshold
Timing
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MAX17645 4.5V to 36V, 1A, High-Efficiency, Synchronous
Step-Down DC-DC Converter

(ViN = VENJUVLO = 24V, VpenD = Vsenp = 0V, Cycc = 1WF, VEg = 1V, LX = RESET = Unconnected, T = -40°C to +125°C, unless
otherwise noted. Typical values are at T = +25°C. All voltages are referenced to SGND, unless otherwise noted (Note 2))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Switching Frequency fsw 605 650 695 kHz
Number of Runaway
Events to Hiccup ! Cycles
VEg Undervoltage Tri

FB ge b VEB-HICF 0.56 0.58 0.6 \Y;

Level to Cause Hiccup
HICCUP Timeout 100 ms
Minimum On-Time toON-MIN 90 120 ns
Maximum Duty Cycle Dmax 89 91 94 %
LX Dead Time toT 5 ns
RESET
FB Threshold for o

VEgpg risin 0
RESET rising FB g 93.5 95.5 97.5 %
FB Threshold for .

Vg fallin 0
RESET falling Fe faling % 92 o4 &
RESET Delay After FB
Reaches 95.5% 1.6 ms
Regulation
RESET Output Level - _

| =5mA
Low RESET 0.2 \%
RESET Output Leakage VRESET = Vee, Ta = +25°C 01 uA
Current
THERMAL SHUTDOWN
Thermal Shutdown - o
Threshold Temperature rising 166 C
Thermal Shutdown 10 e
Hysteresis

Note 2: Electrical specifications are production tested at T = +25°C. Specifications over the entire operating temperature range
are guaranteed by design and characterization.
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MAX17645 4.5V to 36V, 1A, High-Efficiency, Synchronous

Step-Down DC-DC Converter

Typical Operating Characteristics

(VIN = VEN/UVLO = 24V, VpeND = VsenD = 0V, Cycc = 1WF, Ta = +25°C, unless otherwise noted. All voltages are referenced to
SGND, unless otherwise noted.)

MAX17645B, EFFICIENCY vs. LOAD CURRENT

MAX17645B, EFFICIENCY vs. LOAD CURRENT

MAX17645D, EFFICIENCY vs. LOAD CURRENT

FIGURE 3 CIRCUIT FIGURE 4 CIRCUIT FIGURE 3 CIRCUIT
100 toc01 100 toc02 100 10003
T I
90 —— 90 —— A L ——
— T 90 -
80 / \ Epe== L 80 ? ) Ly /r"_‘j%
B 107 e\ AW B I 1/ N I I My
g 60 //\ \ ey \ . g 60 // \ Vivs 24y \ . g 70 [ \ Ay
zZ Vi =36V zZ Vi =36V
S 5 // \ i S % l/ Y S 60 Vy=26v V=38V |||
E [T vw=sv £ b |
| |
50 — V=5V
30 30
40
20 20
10 10 30
00 0.2 04 06 08 10 00 02 04 06 08 10 0.001 001 04 1
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
CONDITIONS: 3.3V OUTPUT CONDITIONS: 5V OUTPUT CONDITIONS: 3.3V OUTPUT
MAX17645D, EFFICIENCY vs. LOAD CURRENT MAX17645B, LINE AND LOAD REGULATION MAX17645B, LINE AND LOAD REGULATION
FIGURE 4 CIRCUIT " FIGURE 3 CIRCUIT s FIGURE 4 CIRCUIT
100 1o 3295 o 5055 ==
90
3203 5053 po——
— — ]
T 8 5(&21‘/_‘ = Viy=5V ) = \'\N
= — Vi = 24V _ w
5 //< £ 3291 A 2 s0st S
g 7 Vin=38y L g y / g /
[}
o Viy =24V 5 e— 5
3.289 - 5.049 :
R /L % \%Qf\ S Vi = 24V i
[ o Vi =36V
50 3.287 5.047
“ 3285 5.045
0.001 001 0.1 1 00 0.2 0.4 06 08 10 0.0 02 04 06 08 1.0
LOAD CUR.RENT ) LOAD CURRENT (8) LOAD CURRENT (A)
CONDITIONS: 5V OUTPUT CONDITIONS: 3.3V OUTPUT CONDITIONS: 5V OUTPUT
MAX17645D, LINE AND LOAD REGULATION MAX17645D, LINE AND LOAD REGULATION soFT-STARNTL;\SXJJ?[‘)?\:VwmgggH EN/UVLO
i FIGURE 3 CIRCUIT s 51 FIGURE 4 CIRCUIT e FIGURE 3 CIRCUIT s
235 545 \1 l 4
= V=5V s Vewi -—J 5V/di
§ NF / | 5 s ENUVLO S : v
£ 334 =
3 ) ' g s Nl -
= Vi = 24V > 1 Lo P -
5 33 | 2 Viy =24V - : t -
[Sa I = | 1——
3 Viy = 36V 3 W fpb——m—— | 4
] / = 5] Vi =36V
330 0 507 L — R A
328 | 505 VRESET 5Vidiv
o0 02 04 06 08 10 0.0 02 04 06 08 10 i
LOAD CURRENT (A) LOAD CURRENT (A) ms/div

CONDITIONS: 3.3V OUTPUT

www.analog.com

CONDITIONS: 5V OUTPUT

CONDITIONS: 3.3V OUTPUT, 3.3Q LOAD
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MAX17645

4.5V to 36V, 1A, High-Efficiency, Synchronous

Step-Down DC-DC Converter

(VIN = VEN/UVLO = 24V, VpenD = Vsenp = 0V, Cycc = 1uF, Ta = +25°C, unless otherwise noted. All voltages are referenced to

SGND, unless otherwise noted.)

MAX17645B/MAX17645D
SOFT-START/SHUTDOWN THROUGH EN/UVLO

FIGURE 4 CIRCUIT foct0

—
5Vidiv

Venuvo '-'—J

0.5A/div

5Vidiv

1ms/div
CONDITIONS: 5V OUTPUT, 50 LOAD

MAX17645B
SOFT-START WITH PREBIAS OF VOLTAGE 1.65V

FIGURE 3 CIRCUIT oct
i T T T T

- * - S
Venuvo “—J . o et 5/l

VRESET 5Vidiv

1ms/div
CONDITIONS: 3.3V OUTPUT, 3300 LOAD

MAX17645B/MAX17645D
STEADY-STATE PERFORMANCE
FIGURE 4 CIRCUIT toct6

L]

b

VouT(Ac; NN i/ 20mV/div

I b 1A/div

1psfdiv
CONDITIONS: 5V OUTPUT, 1A LOAD

www.analog.com

MAX17645D
SOFT-START/SHUTDOWN THROUGH EN/UVLO

FIGURE 3 CIRCUIT __ foct

—
. 5Vidiv

u

Venuvo -—j -----

0.5A/div

VResET 5Vidiv

1ms/div
CONDITIONS: 3.3V OUTPUT, 330Q LOAD

MAX17645B
SOFT-START WITH PREBIAS OF VOLTAGE 2.5V

FIGURE 4 CIRCUIT foct4

u

. 3 P
B — /1]

Venuvio

VReser : div

1ms/div
CONDITIONS: 5V OUTPUT, 500Q LOAD

MAX17645B, STEADY-STATE PERFORMANCE
FIGURE 3 CIRCUIT

toc17

u

bt

Vou (ac) I | 20mV/div

5]

\r\;\,"\\,\"\"\‘" 1A/div

TSy
CONDITIONS: 3.3V OUTPUT, NO LOAD

Venuvo

VReseT

Vout ac)

Vout (ac)

I _*-J..—_ 0 sAdy

MAX17645D
SOFT-START/SHUTDOWN THROUGH EN/UVLO

FIGURE 4 CIRCUIT foct

—
5Vidiv

— 1

..... 5V/di

1ms/div
CONDITIONS: 5V OUTPUT, 500Q LOAD

MAX17645B/MAX17645D
STEADY-STATE PERFORMANCE
FIGURE 3 CIRCUIT ___ foct
T T

20mV/div

11A/div

1psfdiv
CONDITIONS: 3.3V OUTPUT, 1A LOAD

MAX17645B, STEADY-STATE PERFORMANCE
FIGURE 4 CIRCUIT

V’\/\\\/\J\«/\\J/\\V 1A/div
1psfdiv
CONDITIONS: 5V OUTPUT, NO LOAD
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MAX17645

4.5V to 36V, 1A, High-Efficiency, Synchronous

Step-Down DC-DC Converter

(VIN = VENJUVLO = 24V, VpanD = VsanDp = 0V, Cycc = 1uF, Ta = +25°C, unless otherwise noted. All voltages are referenced to

SGND, unless otherwise noted.)

MAX17645D, STEADY-STATE PERFORMANCE
FIGURE 3 CIRCUIT

[T}

toc19

I S

Vour () \r\\q\\}\ﬁ\ 50mV/div
N

0.5A/div
40ps/div
CONDITIONS: 3.3V OUTPUT, 10mA LOAD
MAX17645B
LOAD TRANSIENT BETWEEN 0A AND 0.5A
_ FIGURE 3 CIRCUIT toc22
u i N
Vour (ac) 100mVidiv

mm——— () 5\/diy

100ps/div
CONDITIONS: 3.3V OUTPUT

MAX17645B
LOAD TRANSIENT BETWEEN 0A AND 0.5A
FIGURE 4 CIRCUIT

toc25

u

Vourt (ac)

100ps/div
CONDITIONS: 5V OUTPUT

www.analog.com

MAX17645D, STEADY-STATE PERFORMANCE
FIGURE 4 CIRCUIT

toc2!

u

40ps/div
CONDITIONS: 5V OUTPUT, 10mA LOAD

N N

MAX17645D
LOAD TRANSIENT BETWEEN 0.01A AND 0.5A
FIGURE 3 CIRCUIT

AVERY

toc23

u

Vour (ac) N\l\h\w

200ps/div
CONDITIONS: 3.3V OUTPUT

MAX17645D
LOAD TRANSIENT BETWEEN 0.01A AND 0.5A
FIGURE 4 CIRCUIT

toc26

u

W N

Vourt (ac)

lout

200ps/div
CONDITIONS: 5V OUTPUT

50mV/div

0.5A/div

100mV/div

0.5A/div

100mV/div

0.5A/div

Vour (ac)

Vout (ac)

Vour

MAX17645B/MAX17645D
LOAD TRANSIENT BETWEEN 0.5A AND 1A
FIGURE 3 CIRCUIT

toc21

u

100mV/div

100ps/div
CONDITIONS: 3.3V OUTPUT

MAX17645B/MAX17645D
LOAD TRANSIENT BETWEEN 0.5A AND 1A
FIGURE 4 CIRCUIT

toc24

]

100mV/div

0.5A/div
100ps/div
CONDITIONS: 5V OUTPUT
MAX17645B, OVERLOAD PROTECTION
FIGURE 4 CIRCUIT o
7 -
! \ 1Vidiv
B -4
0.5A/div
20ms/div

CONDITIONS: 5V OUTPUT, R_LOAD = 2.1Q
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MAX17645

4.5V to 36V, 1A, High-Efficiency, Synchronous
Step-Down DC-DC Converter

(VIN = VEN/UVLO = 24V, VpeND = VsenD = 0V, Cycc = 1uF, Ta = +25°C, unless otherwise noted. All voltages are referenced to
SGND, unless otherwise noted.)

MAX17645B, BODE PLOT

60
40
2
0
20

40

FIGURE 3 CIRCUIT

50 1o

40 w...\— PHASE __|

30
g 2 \ \
= 10 >
3 \

0 GAIN ~ \
-10 I
20 | GAIN CROSS OVER FREQUENCY = 45‘2ka
PHASE MARGIN = 62.9°
-30 l l -60
1k 10k 100k 300k

FREQUENCY (Hz)

CONDITIONS: 3.3V OUTPUT, 1A LOAD

www.analog.com

PHASE (deg)

GAIN (dB)

MAX17645B, BODE PLOT

FIGURE 4 CIRCUIT
50 28 100
40 B PHASE | g9
30 \—— < 60
2 < \ 40
10 AN \ 20
0 0
GAIN \
-10 ! 20
20 | GAINCROSS OVER FREQUENCY = 3&3kr& 40
PHASE MARGIN = 65.0°
-30 l l 60
1k 10k 100k 300k
FREQUENCY (Hz)
CONDITIONS: 5V OUTPUT, 1A LOAD
MAX17645B, 5V OUTPUT, 1A LOAD CURRENT
o RADIATED EMI CURVE o3
50
£ CISPR-32 CLASS B QP LIMIT
@
2 %
o
2 VERTICAL SCAN
= 2
Q
K]
10
0

HORIZONTAL SCAN

30 100
FREQUENCY (MHz)

1000

CONDITIONS: MEASURED ON THE MAX17645BEVKITB#

PHASE (deg)

MAGNITUDE (dBpV)

MAX17645B, 5V OUTPUT, 1A LOAD CURRENT

CONDUCTED EMI CURVE o
70 e [ il T d|
goloais  CISPR-32CLASS B QP LIMIT
50 [0 *_ CISPR32CLASS BAVG LIMIT
40w
30 |w0ee

| PEAK EMISSIONS
20 [ e e e
! ""dh"«t‘\r}r-wJMV’A-.\"-"“"“‘"’M—"N' s
10 fusce
0 oy
AVERAGE EMISSIONS

0.18 1 10 30

FREQUENCY (MHz)
CONDITIONS: MEASURED ON THE MAX17645BEVKITB# WITH
L1102 = 10uH, C107 = C108 = 4.7uF/50V/X7R/1206
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MAX17645

Pin Configuration

4.5V to 36V, 1A, High-Efficiency, Synchronous
Step-Down DC-DC Converter

TOP VIEW
"

Ll A 8|
ENuvLO| 2 | 17| PGND
[ MAX17645B/ o

., MAX17645D —
vee| 3 | | 6 | senp
rB| 4} I'5 | RESET
TDFN
2mm x 2mm

Pin Description

PIN NAME FUNCTION

1 IN Power Supply Input Pin. Decouple to PGND with a 2.2pF capacitor. Place the capacitor close to IN and
PGND pins.
Enable/Undervoltage Lockout Pin. Drive EN/UVLO high to enable the output and low to disable the

2 EN/UVLO | output. Connect to the center of a resistor-divider between IN and SGND to program the input voltage at
which the part turns on. Connect to IN pin for always-on operation.

3 Vee Internal LDO Output. Typical output is 5V. Bypass V¢ with a 1uF capacitor to SGND.

4 FB Feedback Input. Connect FB to the center node of an external resistor-divider from the output to SGND
to set the output voltage. See the Adjusting Output Voltage section for more details.
Open-Drain RESET Output. The RESET output is driven low if FB drops below 92% (typ) of its set value.

5 RESET RESET goes high impedance 1.6ms (typ) after FB rises above 95.5% (typ) of its set value. See Electrical
Characteristics section for more details.

6 SGND Signal Ground.

7 PGND Power Ground. Connect PGND to the power ground plane. Connect SGND and PGND pins together at
the ground return path of the output capacitor. See the PCB Layout Guidelines section.

8 LX Switching Node Pin. Connect LX to the switching side of the inductor. LX is high impedance when the

device is in shutdown mode.

www.analog.com
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MAX17645 4.5V to 36V, 1A, High-Efficiency, Synchronous
Step-Down DC-DC Converter

Functional Diagram

DO REGULATOR
L
IN
Ly T
IPEAK-LIMIT
CURRENT-
IRUNAWAY-LIMIT CURRENT-SENSE
o AMPLIFIER
= MAX176458
MAX17645D =
¥
POK
y y
DH
e HIGH-SIDE
CHIPEN E
J L.
1215V
LX
M CK
THERMAL SHUTDOWN N
OSCILLATOR L soee
|
oL Cllowspe N |
" |DRIVER
PFM/PWM
CONTROL LOGIC
SGND |
SLOPE -
INEG-LIMIT LOW-SIDE]|
CURRENT|
SENSE NEGATIVE
CURRENT
) REF
1*Q RESET
Vee H{ .
0.859V
| FEsET
REFERENCE <CL Doty I
SOFT-START i
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MAX17645 4.5V to 36V, 1A, High-Efficiency, Synchronous
Step-Down DC-DC Converter

Detailed Description

The MAX17645 is a high-efficiency, high voltage, synchronous step-down DC-DC converter with integrated MOSFETS,
operates over a 4.5V to 36V input. It can deliver up to 1A load current. The MAX17645 operates at 650kHz switching
frequency. The MAX17645B operates in pulse-width modulation (PWM) mode at all loads. The MAX17645D operates in
pulse-frequency modulation (PFM) mode at light loads. The output voltage is programmable from 0.9V up to 89% of V.
Built-in control loop compensation across the output voltage range eliminates the need for external compensation
components. The feedback voltage regulation accuracy over -40°C to +125°C is £1.1%.

The device features a peak-current-mode control architecture. In this architecture, while operating in PWM mode the part
sets the duty cycle using a transconductance error amplifier, a PWM comparator, a high-side current-sense amplifier, and
a slope-compensation generator. At each rising edge of the clock, the high-side MOSFET turns on and remains on until
either the appropriate or maximum duty cycle is reached, or the peak current limit is detected. During the high-side
MOSFET’s on-time, the inductor current ramps up. During the rest of the switching cycle, the high-side MOSFET remains
off and the low-side MOSFET remains on, inductor current ramps down. An appropriate dead time is implemented
between the high-side and low-side state transitions to avoid cross conduction.

A fixed soft-start time of 3.15ms (typ) allows users to reduce input inrush current. The device also features an
enable/undervoltage lockout pin (EN/UVLO) that allows the user to turn on the part at the desired input-voltage level. An
open-drain RESET feature provides a power-good signal to the system upon achieving successful regulation of the output
voltage.

PWM Mode Operation

The MAX17645B operates in PWM mode, where the inductor current is allowed to go negative. PWM operation provides
constant frequency operation at all loads and is useful in applications sensitive to switching frequency. However, the PWM
mode of operation gives lower efficiency at light loads compared to PFM mode of operation as the converter switches in
every clock cycle.

PFM Mode Operation

The MAX17645D operates in PFM mode, which disables negative inductor current. In PFM operation, the part skips
pulses and enters hibernate mode at light loads for higher efficiency. In PFM mode, the inductor current is forced to a
fixed peak of 430mA (typ) every clock cycle until the output rises to 102.3% of its nominal voltage. Once the output
reaches 102.3% of its nominal voltage, both high-side and low-side FETs are turned off and the device enters hibernate
operation until the load discharges the output to 101.1% of its nominal voltage. Most of the internal blocks are turned off
in hibernate operation to reduce quiescent current. After the output falls below 101.1% of its nominal voltage, the device
comes out of hibernate operation and initiates the process of delivering pulses of energy to the output until it reaches
102.3% of its nominal output voltage. The hibernate operation improves the light-load efficiency in PFM mode. The trade-
off is that the output-voltage ripple is higher compared to PWM mode of operation and the switching frequency is not fixed
at light loads.

Linear Regulator

The MAX17645 has an internal Low Dropout (LDO) regulator which powers Vcc. During power-up, when the EN/UVLO
pin voltage is above the true shutdown voltage (VEN-TRUESD): Vcc is powered from IN. Typical Ve output voltage is
5V. Bypass V¢ to SGND with a 1uF low-ESR ceramic capacitor. Vcc powers the internal blocks and driver stage of the
power MOSFETSs. The part is enabled when the V¢ voltage rises above Vcc.yvr (4.18 typ). The part is disabled when
Vcc voltage falls below Vce-uvr (3.8V typ).

www.analog.com Analog Devices | 11



MAX17645 4.5V to 36V, 1A, High-Efficiency, Synchronous
Step-Down DC-DC Converter

Enable/Undervoltage-Lockout Input

The device offers an adjustable input undervoltage-lockout (EN/UVLO) to enable or disable the converter. EN/UVLO can
also be used as an input-voltage UVLO adjustment input. Driving EN/UVLO low (below Vgng) disables both power
MOSFETSs. Driving EN/UVLO very low (below VENn-TRUESD) disables both power MOSFETs as well as other internal
circuitry, and reduces IN quiescent current to below 2.2uA (typ). Driving EN/UVLO high (above VENR) enables the
converter. Connect EN/UVLO to IN pin for always-on operation. An external voltage-divider between IN and EN/UVLO to
SGND adjusts the input voltage at which the device turns on or off. See the Setting the Input Undervoltage-Lockout Level
section for more details.

When EN/UVLO voltage is above 1.215V (typ), the device’s internal error-amplifier reference voltage starts to ramp up to
monotonically raise the output voltage to the set level. The duration of the soft-start ramp is 3.15ms (typ), allowing a
smooth increase of the output voltage.

The device is capable of soft-start into a prebiased output, without discharging the output capacitor in both the PFM and
forced-PWM modes. This feature is useful in applications where digital integrated circuits with multiple rails are powered.

RESET Output

The device includes a comparator to monitor the output voltage. The open-drain RESET output requires an external pullup
resistor. RESET goes to high impedance 1.6ms (typ) after the regulator output voltage rises above 95.5% (typ) of the
nominal set voltage. RESET goes low when the regulator output voltage drops below 92% (typ) of the nominal set voltage.
RESET also goes low during hiccup timeout period and thermal shutdown.

Overcurrent Protection/Hiccup Mode

The device has a robust overcurrent protection scheme that protects the device under overload and output short-circuit
conditions. A cycle-by-cycle peak current limit turns off the high-side MOSFET whenever the high-side MOSFET current
exceeds an internal limit of 1.88A (typ). A runaway current limit on the high-side MOSFET at 2.44A (typ) protects the
device under high input voltage, and short-circuit conditions when there is insufficient output voltage available to restore
the inductor current that was built up during the on period of the step-down converter. One occurrence of the runaway
current limit triggers hiccup mode. In addition, hiccup mode is triggered if the feedback voltage drops to VEg-HicF any
time after soft-start is complete due to a fault condition. In hiccup mode, the converter is protected by suspending switching
for a hiccup timeout period of 100ms (typ). Once the hiccup timeout period expires, soft-start is attempted again. The
hiccup mode of operation ensures low power dissipation under an output short-circuit condition.

Thermal Shutdown Protection

Thermal shutdown protection limits total power dissipation in the device. When the junction temperature of the device
exceeds +166°C (typ), a thermal sensor shuts down the device, allowing the device to cool. The thermal sensor turns the
device on again after the junction temperature cools by 10°C (typ). Soft-start resets during thermal shutdown. Carefully
evaluate the total power dissipation (see Power Dissipation section) to avoid unwanted triggering of the thermal shutdown
protection during normal operation.
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MAX17645 4.5V to 36V, 1A, High-Efficiency, Synchronous
Step-Down DC-DC Converter

Applications Information

Operating Input Voltage Range
The minimum and maximum operating input voltages for a given output-voltage setting should be calculated as follows:

Vour + (IOUT(MAX) X (RDCR(MAX) + RDS-ONL(MAX)))

Vinminy = + (IOUT(MAX) X (RDS-ONH(MAX) — Rps.onrmax) ))

DMAX

VOUT

Vinmax)y =
MAX) fswmax) X Lon-MIN(MAX)

where:
VouT = Steady-state output voltage in V

louT(MAX) = Maximum load current in A

RpCR(MAX) = Worst-case DC resistance of the inductor in Q
fsw(max) = Maximum switching frequency in Hz

Dmax = Maximum duty cycle (0.89)

toN-MIN(MAX) = Worst-case minimum switch on-time (120ns)

RDs-ONL(MAX) and Rps-onH(MAX) = Worst case on-state resistance of low-side and high-side MOSFETS respectively in
Q
Input Capacitor Selection

The input filter capacitor reduces peak currents drawn from the power source, switching noise, and voltage ripple on the
input. The input capacitor RMS current requirement (Irpms) is defined by the following equation:

\/VOUT X (Vin — Vour)
Irms = lourmaxy X v
IN

where loyT(mAx) is the maximum load current. Irims has a maximum value when the input voltage equals twice the output
voltage (V|N = 2 X VouT), SO
IOUT(MAX)
IRMS(MAX) = #
Choose an input capacitor that exhibits less than +10°C temperature rise at the RMS input current for optimal long term
reliability. Use low-ESR ceramic capacitors with high-ripple-current capability at the input. X7R capacitors are
recommended in industrial applications for their temperature stability. Decouple IN to PGND with a minimum of

2.2uF/1206 package or equivalent capacitor. Calculate the input capacitance using the following equation based on input
ripple requirement:

loutvax) X D X (1 = D)
n X AViy X fsw

Gy =
where:
D = VouTt/V|N and is the duty ratio of the converter
AV|N = Allowable input voltage ripple in V
fsw = Switching frequency in Hz
n = Efficiency of the converter

In applications where the source is far from the device input, an appropriate electrolytic capacitor should be added to
provide necessary damping of potential oscillations caused by the inductance of the input power path and input ceramic
capacitor.
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MAX17645 4.5V to 36V, 1A, High-Efficiency, Synchronous
Step-Down DC-DC Converter

Inductor Selection

Three key inductor parameters must be specified for operation with the device: inductance value (L), inductor saturation
current (IsaT), and DC resistance (Rpcr). The required minimum inductance for a given application can be determined
from the following equation:

L=2 X% Voyr

where L is inductance in pH and Vot is output voltage in V. Select a low-loss inductor closest to the calculated value
with acceptable dimensions. The saturation current rating (IsaT) of the inductor must be high enough to ensure that
saturation can occur only above the peak current-limit, Ipgak-LiviT (1.88A typ).

Output Capacitor Selection

X7R ceramic output capacitors are preferred due to their stability over temperature in industrial applications. It should be
noted that dielectric materials used in ceramic capacitors exhibit capacitance loss due to DC bias levels and should be
appropriately derated to ensure the required output capacitance is obtained in application. The output capacitor is
calculated and sized to support a 50% of maximum output current as the dynamic step load, and to contain the output-
voltage deviation to within £3% of the nominal set voltage. The minimum required output capacitance can be calculated
as follows:

50

Cour = 57—
Vour

Where Coyrt is the DC bias derated output capacitance in pF and VoyT is the output voltage.

Setting the Input Undervoltage-Lockout Level

The device offers an adjustable input undervoltage-lockout level. Set the voltage at which the device turns on with a
resistive voltage-divider connected from IN to SGND (see Figure 1). Connect the center node of the divider to the
EN/UVLO pin. Choose R1 to be 3.32MQ (max) and then calculate R2 as follows:

_ R1X Vg
(VINU - VENR)
where V|yy is the voltage at which the device is required to turn on. Ensure that the proper V|yy voltage is set, which is

greater than or equal to the minimum input voltage for desired output voltage. If the EN/UVLO pin is driven from an
external signal source, a series resistance of 1kQ minimum is recommended to be placed between the signal source
output and the EN/UVLO pin to reduce voltage ringing on the line.

R2

IN

R1
EN/UVLO

R2

SGND

Figure 1. Setting the Input Undervoltage-Lockout
Adjusting Output Voltage

The device supports an adjustable output voltage range of 0.9V to 89% of input voltage by using a resistive feedback
divider from output to SGND (see Figure 2). Connect the center node of the divider to the FB pin. Use the following
procedure to choose the resistive voltage-divider values:

Choose R4 in the 20kQ to 50kQ range and calculate R3 with the following equation:

Vour ]
R3=R4 X -1
[ 0.9
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MAX17645 4.5V to 36V, 1A, High-Efficiency, Synchronous
Step-Down DC-DC Converter

Vout

R3

FB

SGND

Figure 2. Adjusting Output Voltage
Power Dissipation

At any particular operating condition, the power loss that contribute to temperature rise of the device is estimated as
follows:

1 2
Pross = Poyr X (5 - 1) - (IOUT X RDCR)

Poyr = Vour X Iour
where:
PouT = Output power
n = Efficiency of the converter
RpcRr = DC resistance of the inductor

See Typical Operating Characteristics for more information on efficiency at typical operating conditions. The Theta-JA
(634) of the package measured on a standard EV kit is given below:

04a = 72°C/W

The junction temperature of the device can be estimated at any given maximum ambient temperature (Tamax)) from the
following equation:

Tymax) = Tamax) + (6ja X Pross)
Junction temperature greater than +125°C degrades operating lifetimes.

PCB Layout Guidelines

All connections carrying pulsed currents must be very short and as wide as possible. The inductance of these connections
must be kept to an absolute minimum due to the high di/dt of the currents. Since inductance of a current-carrying loop is
proportional to the area enclosed by the loop, if the loop area is made very small, inductance is reduced. Additionally,
small-current loop areas reduce radiated EMI.

A ceramic input filter capacitor should be placed close to the IN pin of the IC. This eliminates as much trace inductance
effects as possible and gives the IC a cleaner voltage supply. A bypass capacitor for the V¢ pin also should be placed

close to the pin to reduce effects of trace impedance.

When routing the circuitry around the IC, the analog small-signal ground and the power ground for switching currents
must be kept separate. They should be connected together at a point where switching activity is at a minimum. This helps
keep the analog ground quiet. The ground plane should be kept continuous/unbroken as far as possible. No trace carrying
high switching current should be placed directly over any ground plane discontinuity. PCB layout also affects the thermal
performance of the design. For a sample layout that ensures first pass success, refer to the MAX17645 evaluation kit
layout available at www.maximintegrated.com.
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MAX17645

Typical Application Circuits

4.5V to 36V, 1A, High-Efficiency, Synchronous

Step-Down DC-DC Converter

VIN Vout
(5V TO 36V) 6.8uH 3.3V, 1A
IN LX
fsw = 650kHz:
C
2(:2|NF 22;’; L = 6.8uH (COILCRAFT XGL4040-682ME)
o EN/UVLO PGND R3 CIN = 2.2uF/50V/X7R/1206 (TDK C3216X7R1H225K160AE)
100kQ
MAX17645B/ Court = 22uF/16VIX7R/1206 (MURATA GRM31CZ71C226ME15)
MAX17645D FB
Vee Vce MODE:
c2 _,_— R5 R4 MAX176458 FOR PWM MODE
1F 10kQ 37.4kQ MAX17645D FOR PFM MODE
SGND RESET e
Figure 3. 3.3V, 1A Output Step-Down Regulator
L
VIN Vout
(7V TO 36V) 10uH 5V, 1A
IN LX
CiN R1 Cout z
224F 339MQ 20F L = 10uH (COILCRAFT XGL4040-103ME)
EN/UVLO PGND R3 CIN = 2.2uF/50V/X7R/1206 (TDK C3216X7R1H225K160AE)
R2 102kQ Cour = 22uF1BVIX7R/1206 (MURATA GRM31CZ71C226ME15)
715kQ MAX17645B/
L MAX17645D B
=~ e vee MAX176458 FOR PWM MODE
MAX17645D FOR PFM MODE
1pF 10kQ 221kQ
SGND RESET -

Figure 4. 5V, 1A Output Step-Down Regulator
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MAX17645

Ordering Information

4.5V to 36V, 1A, High-Efficiency, Synchronous

Step-Down DC-DC Converter

PART NUMBER TEMP RANGE PIN-PACKAGE MODE OF OPERATION
MAX17645BATA+ -40°C to +125°C 8 TDFN PWM
MAX17645BATA+T -40°C to +125°C 8 TDFN PWM
MAX17645DATA+ -40°C to +125°C 8 TDFN PFM
MAX17645DATA+T -40°C to +125°C 8 TDFN PFM

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

T = Tape and reel.
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MAX17645

Revision History

4.5V to 36V, 1A, High-Efficiency, Synchronous

Step-Down DC-DC Converter

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 3/22 Release for Market Intro —

1 3/22 Updated part number in header 1-22
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