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4.5V to 60V, 300mA, Ultra Small, High-

Efficiency Synchronous Step-Down DC-DC

Converters

Product Highlights

¢ Reduces External Components and Total Cost
* No Schottky—Synchronous Operation
* Internal Compensation
* Internal Soft-Start
+ All-Ceramic Capacitors, Ultra-Compact Layout

o Flexibility to Support Multiple Rails in a System
* Wide 4.5V to 60V Input Voltage Range
» Fixed 3.3V and 5V Output Options
+ Adjustable Output from 0.9V to 97% of V|n
» Delivers Up to 300mA Load Current
+ 200kHz to 1MHz Adjustable Switching Frequency
with External Clock Synchronization

e Reduces Power Dissipation
+ 95.8% Peak Efficiency for VN = 15V,
VouTt =12V, loyTt = 150mA
* Shutdown Current = 2.2pA (typ)
* PFM Options for Superior Light Load Efficiency

e Operates Reliably in Adverse Industrial Environme-

nts

* Hiccup-Mode Current Limit and Autoretry Startup

* Open-Drain Power Good Output (RESET Pin)

* Programmable EN/UVLO Threshold

» Monotonic Startup into Prebiased Output

» Overtemperature Protection

* High Industrial -40°C to +125°C Ambient Operat-
ing Temperature Range/-40°C to +150°C Juncti-
on Temperature Range

+ Complies with CISPR32 (EN55032) Class B
Conducted and Radiated Emissions

Key Applications

e Factory Automation

Within the factory automation space, which includes
many different applications, one key need is the ability
to generate less heat. Heat within the system must be
managed, prevent overheating and shutdown. The
MAX17570 produces less heat as it is a fully synchrono-
us DC-DC with integrated FETs with high efficiency. The
more efficient a switching regulator is, the less it loses
the power and therefore create less heat in the system.

o Aftermarket Automotive

An example of within the aftermarket automotive space
where the MAX17570 provides a benefit is asset
tracking application. Asset tracking has increased in
popularity as the ability to wireless connect to these

MAX17570

monitors has become easier. Typically, these units are
designed to be as small as possible. The MAX17570 has
integrated FETSs, integrated compensation, and can
even have pre-programmed output voltages, all
delivering a small solution size. Small size and fewer
components help drive overall design cost down for the
system.

e General Point of Load

General point of load is just that, a generic term. It
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 CISPR-32 class B emission standards, the
MAX17570 delivers a small, highly 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
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Pin Description

TOP VIEW
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8-pin 2mm x 2mm
TDFN Package

Ordering Information appears at end of data sheet.
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Absolute Maximum Ratings

VINTO GND ..o -0.3V to +70V Continues Power Dissipation (Tp = +70°C) (derate 6.2mW/°C
EN/UVLO, LX t0 GND eoovooeooooooooooo -0.3V to Vjy + 0.3V above +70°C)....oeiiiiiiiiiiiice e 496mW
R Operating Temperature Range (Note 1) ........ -40°C to +125°C
Vee, VouT/FB, RESETto GND ... -0.3V to +6V
RT/SYNC to GND o 6V Junction Temperature ..........cccccovviiiiiiiieiieeeee +150°C
tO GND ... -2V to +
Lx |RMS C 800mA Storage Temperature Range ..............c.c........ -65°C to +150°C
tota UITENT e m
o Short.C b c Soldering Temperature (reflow)...........cccccoociiiiiiinnns +260°C
utput Short-Circuit Duration ..............ccocoeeeinnen. ontinuous
P Lead Temperature (soldering, 108)..........ccccevvirernunnn. +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

Package Code T822C+6C
Outline Number 21-100514
Land Pattern Number 90-100183
Thermal Resistance, Four Layer Board

Junction-to-Ambient (64a) 162°C/W
Junction-to-Case Thermal Resistance (6uc) 20°C/W

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.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-
tutorial.
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MAX17570

Electrical Characteristics

(VIN =24V, Vgnp = 0V, RT/SYNC = unconnected (fgyy = 400kHz), CiN = Cycc = 1uF, VEn/uvLo = 1.5V, LX =RESET = OPEN, Tp =
-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C. All voltages are referenced to GND, unless otherwise

noted. (Note 2)

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

PARAMETER ‘ SYMBOL ’ CONDITIONS MIN TYP MAX UNITS
INPUT SUPPLY (V|n)
Input Voltage Range VIN 45 60 Y
Input Shutdown Current IIN-SH VEN/UvLO = 0V, shutdown mode 2.2 4 HA
| MAX17570D/E/F, Voyt/FB =1.03 x
T QPFM | yo T/FB-REG 145 300 uA
NPt Supply urren | MAX17570A/B/C, Normal switching )5 . R
Q-PWM mode, V|y = 24V : m
ENABLE/UVLO (EN/UVLO)
VENR VEN/UVLO rising 1.19 1.215 1.24
V V fallin
EN/UVLO Threshold ENF EN/UVLO ¢] 1.06 1.09 1.15 \Y
VEN-TRUESD | VEN/uvLO falling, true shutdown 0.75
EN/UVLO Input IENJUVLO | VENUVLO = B0V, Ta= +25°C -100 +100 nA
Leakage Current
LDO (Vgce)
Ve Output Voltage Vee 6V < VN < 60V, OmA < Iy < 10mA 4.75 5 5.25 v
Range
Vcc Current Limit lvce-MAX Vec =4.3V, VN =12V 13 30 50 mA
Vce Dropout Vce-po VIN=4.5V, lycc = 5mA 0.15 0.3 v
Vce- Ve risin 4.05 4.18 4.3
Ve UVLO CC-UVR CcC . g v
Vce-UvE V¢ falling 3.7 3.8 3.95
POWER MOSFETs
High-Side pMOS On- Rps-oNH | ILx = 0.3A, (sourcing) 1.38 2.76 Q
Resistance
-Sj - I x =0.3A,
Low. Side nMOS On RDS-ONL L>.( _ 05 1 I
Resistance (sinking)
VEN/UVLO = 0V, VN =60V, Tp = +25°C,
LX Leakage Current ILX-LKG Vix = (Venp + 1V) to (Vi - 1V) -1 +1 pA
SOFT-START (SS)
Soft-Start Time tss Soft-Start Clogk Period is twice the RT 512 Cydles
calculated period
FEEDBACK (FB)
MAX17570C 0.887 0.9 0.913
FB Regulation Voltage VFB-REG \%
MAX17570F 0.887 0.915 0.936
FB Leakage Current IFg MAX17570C, MAX17570F, T = +25°C 100 25 nA
OUTPUT VOLTAGE
MAX17570A 3.25 3.3 3.35
VouTt Regulation MAX17570D 3.25 3.35 3.42
VOUTREG v
Voltage MAX17570B 4.93 5 5.07
MAX17570E 493 5.08 5.18
MAX17570A, MAX17570B, MAX17570D
V Leakage Current | ’ ’ ’
ouT g VOUT MAX17570E 11.5 uA

CURRENT LIMIT
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MAX17570

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

(VIN =24V, Vgnp = 0V, RT/SYNC = unconnected (fgyy = 400kHz), CiN = Cycc = 1uF, VEn/uvLo = 1.5V, LX =RESET = OPEN, Tp =
-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C. All voltages are referenced to GND, unless otherwise

noted. (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Peak Current-Limit IPEAK-LIMIT 0.49 0.56 0.62 A
Threshold
Runaway Current-Limit IRUNAWAY- 0.58 0.66 0.73 A
Threshold LIMIT ' ' '

Negative Current_l_|m|t I MAX1 7570A/B/C '025 '03 '035 A
SINK-LIMIT
Threshold MAX17570D/E/F +15 mA
Pulse-Frequency
Modulation (PFM) IPFM MAX17570D/E/F 0.15 A
Current Level
RT AND SYNC
RRT = 4.7k 180 200 220
Switching Frequency fsw RRT = 26.4k 900 1000 1100 kHz
RRT = unconnected 360 400 440
VEeg Undervoltage Tri
Fe ge " VFB-HICF 62.5 64.5 66.5 %
Level to Cause Hiccup
HICCUP Timeout Hiccup Clock Eerlod is twice the RT 32768 Cydles
calculated period
Minimum On-Time tON-MIN 90 130 ns
Minimum Off-Time toFF-MIN 125 145 ns
LX Dead Time 5 ns
RT/SYNC Bias Current IRT_BIAS 45 uA
SYNC Frequency fow set by R 1.1 X 14X
Capture Range sw Y PRTISYNC fsw fsw kHz
SYNC Pulse Width tsync 100 ns
SYNC Duty-Cycle DsyNe 10 9 %
Range
Vv
SYNC Threshold ViH At RT/SYNC pin (Note 3) CRI%YZN v
\Y
ViL At RT/SYNC pin (Note 3) ST’(S;ZN v
RESET
FB/VoyT Threshold for .
- V /FB risin 0
RESET Rising ouT 9 93.5 95 97.5 %o
FB/VoyT Threshold for .
- V /FB fallin 0
RESET Falling out 9 %0 92 4 N
RESET Delay After L
FB/VouT Reaches 95% RESET Clock Period is the RT calculated 1024 Cydles
. period
Regulation
RESET Output Level -
I =1mA
Low RESET 0.2 \Y
RESET Output Leakage VRESET = Voe = 5.5V, Ta = +25°C 01 uA
Current
THERMAL SHUTDOWN
Thermal-Shutdown . o
Threshold Temperature rising 166 C
Thermal-Shutdown o
Hysteresis 20 C
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Note 2: All the limits are 100% tested at Tp = +25°C. Limits over temperature are guaranteed by design.

Note 3: VRy/sYNC = IRT_BIAS x RRT/SYNC. For more details, see the Switching Frequency and Clock Synchronization section.
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MAX17570

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Typical Operating Characteristics
(VIN = VEN/uvLO = 24V, CIN = Cvce = 1uF, Ta = +25°C, unless otherwise noted.)
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MAX17570

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Typical Operating Characteristics (continued)
(VIN = VEN/uvLO = 24V, CIN = Cvce = 1uF, Ta = +25°C, unless otherwise noted.)
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MAX17570

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Typical Operating Characteristics (continued)
(VIN = VEN/uvLO = 24V, CIN = Cvce = 1uF, Ta = +25°C, unless otherwise noted.)
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MAX17570

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Typical Operating Characteristics (continued)
(VIN = VEN/uvLO = 24V, CIN = Cvce = 1uF, Ta = +25°C, unless otherwise noted.)
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MAX17570

4.5V to 60V, 300mA, Ultra Small, High-Efficiency

Synchronous Step-

Typical Operating Characteristics (continued)
(VIN = VEN/uvLO = 24V, CIN = Cvce = 1uF, Ta = +25°C, unless otherwise noted.)

MAX17570B/MAX17570E
STARTUP THROUGH ENABLE

§ toc37
EN J

2Vidiv
o

| p—————— 5\// iV

RESET | rerrrereerrreesonoms

1mséc/div

CONDITIONS: V7 = 5V, feyy = TMHz, lgy7 = 300mA

MAX17570C/MAX17570F
SHUTDOWN THROUGH ENABLE
tood!
]

! S 4
EN : Vidiv
20V/div
RESET 5V/div

1msec/div

CONDITIONS: Vo = 1.8V, fayy = 200kHz, loyr = 300mA

MAX17570C
STARTUP THROUGH ENABLE (5V PREBIAS)
toca:
p T
. - — Vidiv
3 +
EN e T
10V/div
Vour
& - e 5\//diV
RESET H

1msec/div

CONDITIONS: Vot = 12V, fy = 400KHz, loyr = 10mA

www.analog.com

EN

RESET

Vour(AC)

MAX17570B/MAX17570E
SHUTDOWN THROUGH ENABLE

toc3!

[1]
Lx.

5V/div

1msecidiv

CONDITIONS: Vot = 5V, fayy = TMHz, loyr = 300mA

Vidiv EN —-J

0V/div Vix

RESET

Down DC-DC Converters

MAX17570C/MAX17570F
STARTUP THROUGH ENABLE

v

2V/div
|

. - prm——G\

2msecidiv

CONDITIONS: Voyr = 1.8V, fgyy = 200kHz, oyt = 300mA

MAX17570A MAX17570B
STARTUP THROUGH ENABLE (1.5V PREBIAS) STARTUP THROUGH ENABLE (2V PREBIAS)
tocd: 1oc4:
— - = - -
[ - s AV Idiv
I N I N N 4 N I N N 4
EN s - o Vidiv
2Vidiv E———
Vour
] 5/l R Y
RESET
1 ms;ec/div 1msec/div
CONDITIONS: Vot = 3.3V, fgy = 400kHz, loyr = 10mA CONDITIONS: Vot = 5V, faw = 400kHz, loyr = 10mA
MAX17570A MAX17570D
LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
tocdd tocA
— ; — 5 -
*MSOWNMW Vout(AC) 100mV/div

] 100mA/div Iix

: _ 100mA/div

100p.sec/div

CONDITIONS: Vur = 3.3V, fgyy = 400kHz
LOAD STEP BETWEEN 5mA to 100mA

100usec/div

CONDITIONS: Vot = 3.3V, fgy = 400kHz
LOAD STEP BETWEEN 5mA to 100mA
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency

Synchronous Step-Down DC-DC Converters

Typical Operating Characteristics (continued)
(VIN = VEN/uvLO = 24V, CIN = Cvce = 1uF, Ta = +25°C, unless otherwise noted.)

MAX17570A/MAX17570D
LOAD TRANSIENT RESPONSE

tocd6.

U

VOUT(AC)%M 50mV/div

MAX17570B
LOAD TRANSIENT RESPONSE

tocd?

Vour(AC) ?uw 00mVidiv

u

Vour(AC)

MAX17570E
LOAD TRANSIENT RESPONSE

tock

100mV/div

‘ 4
™ - 100mA/div [ S s 00mA/div [B] ——— 1 rmmasrse| 1 00MA/div
100psec/div 100psec/div 100ﬁsec/div
CONDITIONS: Voyr = 3.3V, fgy = 400kHz CONDITIONS: Voyr = 5V, fgw = 400kHz CONDITIONS: Vot = 5V, fgyy = 400kHz
LOAD STEP BETWEEN 200mA to 300mA LOAD STEP BETWEEN 5mA to 100mA LOAD STEP BETWEEN 5mA to 100mA
MAX17570B/MAX17570E MAX17570C MAX17570F
LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
tocd 1oc50 toc'
Vour(AC) Wmmwav Vour(AC) wmm\ww Vour(AC) ' \ e 200mVidiv
K
[F—— — o 3 =
= n K
x 3 100mA/div 11X | . | 100mA/div [ s T 100MA/div
100psecidiv 100psec/div 100usec/div

CONDITIONS: Voyr = 5V, feyy = 400kHz
LOAD STEP BETWEEN 200mA to 300mA

CONDITIONS: Vour = 12V, fgyy = 400kHz
LOAD STEP BETWEEN 5mA to 100mA

CONDITIONS: Voyr = 12V, feyy = 400kHz
LOAD STEP BETWEEN 5mA to 100mA

MAX17570C/MAX17570F MAX17570B MAX17570E
LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
tocb: 1053 toch:
u u u
WA NWN
Vour(AC) ; 200mVidiv Vout(AC) ; Vour(AC) | \f...-.—-— 100mVidiv
. . “ t
[romsa—— —— : 1 i
| ——-—n—;—n—-ﬂ— .* it s i A
lix 100mA/div ILX fme—— . e 100mA/div | ——— mmmaind 100MA/div
100usecidiv 100u.sec/div 100psec/div

CONDITIONS: Voyr = 12V, fgyy = 400kHz
LOAD STEP BETWEEN 200mA to 300mA

www.analog.com

CONDITIONS: Vo = 5V, fgyy = TMHz
LOAD STEP BETWEEN 5mA to 100mA

CONDITIONS: Vot = 5V, fay = 1MHz
LOAD STEP BETWEEN 5mA to 100mA
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MAX17570

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Typical Operating Characteristics (continued)
(VIN = VEN/uvLO = 24V, CIN = Cvce = 1uF, Ta = +25°C, unless otherwise noted.)

MAX17570B/MAX17570E
LOAD TRANSIENT RESPONSE

tocS!

u

Vour(AC) W-—;A;mmwmv

Iix o Jroomadiv

100usecidiv

CONDITIONS: oy = 5V, fyy = TMHz
LOAD STEP BETWEEN 200mA to 300mA

MAX17570C/MAX17570F
LOAD TRANSIENT RESPONSE
tocSt
N
Vour(AC)—Asomwdiv
4
Iix . |100mavaiv
100ﬁsec/div

CONDITIONS: Voyr = 1.8V, fgy = 200kHz
LOAD STEP BETWEEN 200mA to 300mA

MAX17570C/MAX17570F
OUTPUT SHORT IN STEADY STATE

toch1

u
SHORT [

T . . . st 10V/cliv

10V/div

Vour

lour : - . s 200mAVGlV

20msec/div

CONDITIONS: Vot = 12V, fgyy = 400kHz, loyr = 300mA

www.analog.com

MAX17570C
LOAD TRANSIENT RESPONSE

toc5t

T
VOUT(AC)W 50mVidiv

- ——— 1 00mA/div

100psec/div

CONDITIONS: Vyur = 1.8V, fgyy = 200kHz
LOAD STEP BETWEEN 5mA to 100mA

MAX17570A/MAX17570D
OUTPUT SHORT IN STEADY STATE
toch
% . 10V/div
SHORT [ T ]
Vour N - m— div
e SR ;
lour 200mA/div

20msec/div

CONDITIONS: Vot = 3.3V, fsyy = 400kHz, oyt = 300mA

MAX17570A/MAX17570D
STARTUP THROUGH VIN

toch:

v

20V/div

. I . 2Vidiv
Vin : ; :
Vour - 2 :

5Vidiv

[

1msec/div

CONDITIONS: Vot = 3.3V, fsy = 400kHz, oyt = 300mA

MAX17570F
LOAD TRANSIENT RESPONSE

1oc57

u

Vour(AC) 50mV/div

- s 1 00MA/div

200psec/div

CONDITIONS: Vot = 1.8V, fgy = 200kHz
LOAD STEP BETWEEN 5mA to 100mA

MAX17570B/MAX17570E
OUTPUT SHORT IN STEADY STATE
toch
L : 10V/div
SHORT fusssd . .
Vour] T div
} +
lour}-- - 200mAdiv
20msec/div

CONDITIONS: Voyr = 5V, fey = 400kHz, loyr = 300mA

MAX17570A/MAX17570D
SHUTDOWN THROUGH VIN
tock:
u
in { = 20idiv
VouT | e ; Vidiv
Y T
Vee . - . 5Vidiv

10msec/div

CONDITIONS: Voyr = 3.3V, fsyy = 400kHz, oyt = 300mA

Analog Devices | 12



MAX17570

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Typical Operating Characteristics (continued)
(VIN = VEN/uvLO = 24V, CIN = Cvce = 1uF, Ta = +25°C, unless otherwise noted.)

MAX17570B/MAX17570E
STARTUP THROUGH VIN

1ock:

u

. i C
ViN i—-/——-——- 5Vidiv
Vour|

20V/div

5Vidiv

1msec/div

CONDITIONS: Vgyr = 5V, feyy = 400kHz, Iyt = 300mA

MAX17570C/MAX17570F
SHUTDOWN THROUGH VIN
toc67
. . i .
N : N +
Vin - 20V/div
I—
Vourfe - 10Vidiv
Vee ' 5V/div
10msec/div

CONDITIONS: Vyr = 12V, fyy = 400kHz, loyr = 300mA

MAX17570C
EXTERNAL CLOCK SYNCHRONIZATION
tocT(
i

RARAARARRAR NN AW ANENRA K RN AREARRRN RN AN § e

SYNC framssmswar 4y UMk b il 2Vidiv
VoUT/VARAMAMAANAAMMA 100mVidiv
AAAMAAAY VAWV S00mATdiv

10psec/div

CONDITIONS: Vor = 12V, gy = 400kHz, loyr = 300mA,
fsyne = 560KHz

www.analog.com

MAX17570B/MAX17570E
SHUTDOWN THROUGH VIN
tocB5

= .

it Y20v/div
Vour [, : : e 5Vl
Veel ‘ 5V/div
10msec/div

CONDITIONS: Vo = 5V, feyy = 400kHz, loyr = 300mA

MAX17570A
EXTERNAL CLOCK SYNCHRONIZATION

10c!

u

ARAARAIAN AR ERRA R RN A gk n A RO B AR AR Y

2Vidiv
20mV/div

SYNG i bW LA L

Vour HIMANARAAY

AR AR AR SN S00mAdiv

10psec/div

CONDITIONS: Vot = 3.3V, fsy = 400kHz, loyr = 300mA,
fsyne = 560KkHz

MAX17570A/MAX17570D
BODE PLOT
40 LTt 129
30 \\ 90
N |
20 S - PHASE — 60
N N
10 b h 30
g ™~ g
s 0 S 0 2
3 GAN | \ *
-10 N -30
20 | BANDWIDTH = 27.25kkHz, \ 0
PHASE MARGIN = 64.91°
o L L LI "
1 100

10
FREQUENCY (kHz)
CONDITIONS: Vot = 3.3V, loyr = 300mA, fey, = 400kHz

Vour|

MAX17570C/MAX17570F
STARTUP THROUGH VIN

tockf

u
r ~ 20V/div
i «f

/:/—WOV/d\v

5Vidiv

1msec/div

CONDITIONS: Vo = 12V, fgyy = 400kHz, loyr = 300mA

MAX17570B
EXTERNAL CLOCK SYNCHRONIZATION
tocs
u

L T e e T P TT TP ITTITTLER

SYN(;....—.—-.-......---'....-.{...-.'m.-.........-.m..- 2V/div

GAIN (dB)

Vour AMMAVMAMANAANAY

M 50mVidiv

Wi 500mA/div

10psec/div

CONDITIONS: Voyr = 5V, feyy = 400kHz, loyr = 300mA,
fsyne = 560KHz

MAX17570B/MAX17570E
BODE PLOT
40 loe72 120
30 90
20 ™ PHASE J 60
T ™
10 30 ~
N w
0 0 2
N T
GAIN | T/ \
-10 | -30
BANDWIDTH = 39.92kHz, \
20 I PHASE MARGIN = 50.1° 80
o L LI | o

10 100
FREQUENCY(kHz)

CONDITIONS: Vo = 5V, lour = 300mA, fgyy = 400kHz
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MAX17570

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Typical Operating Characteristics (continued)
(VIN = VEN/uvLO = 24V, CIN = Cvce = 1uF, Ta = +25°C, unless otherwise noted.)

MAX17570C/MAX17570F
BODE PLOT
40 tocT: 120
3 %
2 e T || pHASE | 60
N
N
10 0 ~
s ™~ 3
0 \ 0 £
E o
(6]
10 ‘GA'N 20
20 b BANDWIDTH = 26kHz, 60
PHASE MARGIN = 65.02°
2 L L L ™
1 10 100

FREQUENCY (kHz)
CONDITIONS: Vour = 12V, Iyt = 300mA, fgy = 400kHz

MAX17570A/MAX17570D RADIATED EMISSIONS PLOT
WITH L101/L201 = SHORT, C102/C104/C202/C204 = OPEN
toc76

70
60

£ 50

S

g 40 CISPR-32 CLASS B QP LIMIT

a 30

2 HORIZONTAL

zZ 2 SCAN

Q

<

= 10
0 VERTICAL

SCAN
30M 100M 16
FREQUENCY(Hz)

MEASURED ON MAX17570AEVKIT# / MAX17570DEVKIT#
CONDITIONS: VouT = 3.3V, I oap = 300mA

MAX17570B/MAX17570E CONDUCTED EMISSIONS PLOT
WITH L101/L201 = 33uH, C102/C104/C202/C204 = 1pF

toc79

70
ClassB-Op |
60 CISPR-32 CLASS B QP LIMIT
ClassBAvg | ] |
__ |50 ClSPRﬁZ CLASS B A‘VG LIMIT
=
g A EMiSSIoN |
w EMISSION
g | ) N
=l
E
=z
5]
<
=

100k ™
FREQUENCY (Hz)

MEASURED ON MAX17570BEVKIT#/ MAX17570EEVKIT#
CONDITIONS: Vour =5V, I opp = 300mA

www.analog.com

MAX17570B/MAX17570E
BODE PLOT
40 o4 120
30 90
™~
™~
2 prase |
10 30
T 0 0 o
=l (2]
= 5
£ 10— GAN I AL 30 &
° \
-20 i -60
BANDWIDTH = 53.8kHz,
30 - PHASE MARGIN =62.47° -90
o L LI 1 1] .
1 10 100
FREQUENCY(kHz)

CONDITIONS: Vour = 5V, lout = 300mA, fgy = IMHz

MAX17570A/MAX17570D CONDUCTED EMISSIONS PLOT
WITH L101/L201 = 22uH, C102/C104/C202/C204 = 1uF

tocT7

70
ClassB-Qp |
60 CISPR-32 CLASS B QP LIMIT
ClassB-Avg I ]
|50 CISPR?%Z CLASS B A{VG LIMIT
>
2 |40 PEAK AVERAGE _|
o EMISSION EMISSION
o (30 ) Vi
=}
E Ll ‘H\
9]
<
=

e

10 \
100k ™ 1M 30M
FREQUENCY (Hz)
MEASURED ON MAX17570AEVKIT# / MAX17570DEVKIT#
CONDITIONS: Vour = 3.3V, I oap = 300mA

MAX17570C/MAX17570F RADIATED EMISSIONS PLOT
WITH L101/L201 = SHORT, C102/C104/C202/C204 = OPEN

toc80

70
60
50
40 CISPR-32 CLASS B QP LIMIT
30

HORIZONTAL
SCAN

20

MAGNITUDE (dBiVim)

VERTICAL
SCAN

30M 100M 16
FREQUENCY(Hz)
MEASURED ON MAX17570C12EVKIT#/ MAX17570F12EVKIT#

CONDITIONS: Viy = 24V, Vout = 12V, I, gpp = 300mA

MAX17570C/MAX17570F
BODE PLOT
) -
. ——— \PHASE n &
20 40
10 H 20 >
g 4
z 0 0 %
3 N
S GAIN
-10 = -20
20 |- BANDWIDTH = 20kHz, £
PHASE MARGIN = 60.8°
w0 L LI .
1 10 100
FREQUENCY (kHz)

CONDITIONS: Vot = 1.8V, loyr = 300mA, fgy = 200kHz

MAX17570B/MAX17570E RADIATED EMISSIONS PLOT
WITH L101/L201 = SHORT, C102/C104/C202/C204 = OPEN

tocT7é
70
60
g 50
s
g 40 CISPR-32 CLASS B QP LIMIT
B 30
= HORIZONTAL
Z 2 SCAN
O
<<
= 0
0 = VERTICAL
SCAN
30M 100M 16
FREQUENCY(Hz)

MEASURED ON MAX17570BEVKIT# / MAX17570EEVKIT#
CONDITIONS: VouT = 5, I oap = 300mA

MAX17570C/MAX17570F CONDUCTED EMISSIONS PLOT

WITH L101/L201 = 82pH, C102/C104/C202/C204 :GJ uF
70 |
B CISPQ‘Q-SZ CLASS B QP LIMIT
o |57 C\SPR-;SZ CLASS BAVG LIMIT
é‘ 40 PEAK ! AVERAGE
o | | EMISSION T EMISSION T
S |30
=
=
Q
< f
= 1
10
100k

1

FREQUENCY (Hz)

MEASURED ON MAX17570C12EVKIT# / MAX17570F12EVKIT#
CONDITIONS: Vour = 12V, L oap = 300mA
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MAX17570

Pin Configurations

4.5V to 60V, 300mA, Ultra Small, High-Efficiency

Synchronous Step-Down DC-DC Converters

TOP VIEW
+
VIN a i:é LX
ENIUVLO [2 | 7]enD
. MAX17570
vee|s | {6 | RESET
VourlFB [4 | 5 | RTISYNG
8-pin 2mm x 2mm
TDFN Package
Pin Descriptions
PIN NAME FUNCTION
1 VIN Switching Regulator Power Input. Connect a X7R 1uF ceramic capacitor from VN to GND for bypassing.
Active-High, Enable/Undervoltage-Detection Input. Pull EN/UVLO to GND to disable the regulator output.
2 EN/UVLO | connect EN/UVLO to Vi for always on operation. Connect a resistor-divider between V\y and EN/UVLO
to GND to program the input voltage at which the device is enabled and turns on.
3 Vce Internal LDO Power Output. Bypass Vcc to GND with a minimum 1uF capacitor.
Feedback Input. For fixed output voltage versions, connect Vout/FB directly to the output. For the
4 Vout/FB | adjustable output voltage version, connect Vout/FB to a resistor-divider between Vour and GND to adjust
the output voltage from 0.9V to 0.97 x V.
Oscillator Timing Resistor Input. Connect a resistor from RT to GND to program the switching frequency.
5 RT/SYNC Frequency can be programmed from 200kHz to 1MHz. The RT/SYNC can be used to synchronize the
converter to an external clock. SYNC function is not available in the PFM parts (MAX17570D/E/F). For
more details, see the Switching Frequency and Clock Synchronization section.
Open-Drain Reset Output. Pull up RESET to an external power supply with an external resistor. RESET
6 RESET goes low when the output voltage drops below 92% of the set nominal regulated voltage. RESET goes
high impedance 1024 cycles after the output voltage rises above 95% of its regulation value. For
threshold values, see the Electrical Characteristics table.
7 GND Ground. Connect GND to the power ground plane. Connect all the circuit ground connections together at
a single point. For more details, see the PCB Layout Guidelines section.
8 LX Inductor Connection. Connect LX to the switching side of the inductor. LX is high impedance when the
device is in shutdown.

www.analog.com
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Functional Diagram

MAX17570
LDO VIN
REGULATOR
PEAK-LIMIT
RUNAWAY-LIMIT | CURRENT-
SENSE
Ve LOGIC
PFM
POK
Y h J Y
EN/UVLO > DH _ gg\g\ne % E
\ CHIPEN
¥ >
1218V |
LX
THERMAL SHUTDOWN
. n  n CKk
™ PEMPWM
RIS OSCILLATOR o CONTROL LOGIC = ‘E%Y\V,'ESFLDE 7% E
SLOPE 7
*s1
GND
VouTFB R1 SINK-LIMIT LOW-SIDE]
- CURRENT]
ERROR PWM_ | SENSE| NEGATIVE
AMPLIFIER CURRENT =
+ REF
R2 Rz %
c
ez P RESET
52 I 313V FOR MAX 17570AIMAX17570D
1L 475V FOR MAX 1757 0BIMAX17570E
= - = 0855V FOR MAX 17570C/MAX17570F
+
REFERENCE CLK 1024
JT  >—CYCES
SOFTSTART [ VouTFB | _ DELAY
Table 1. Regulator Switch and Resistance Characteristics
REGULATOR PART NUMBER S1 S2 R1 (kQ) R2 (kQ)
MAX17570A/D OPEN CLOSE 206 77
MAX17570B/E OPEN CLOSE 352 77
MAX17570C/F CLOSE OPEN OPEN OPEN

Analog Devices | 16
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Detailed Description

The MAX17570 is a high-efficiency, high-voltage, synchronous step-down DC-DC converter with integrated MOSFETs
operates over a wide 4.5V to 60V input voltage range. The converter delivers output current up to 300mA at 3.3V
(MAX17570A, MAX17570D), 5V (MAX17570B, MAX17570E), and adjustable output voltages (MAX17570C,
MAX17570F). When EN/UVLO and V¢ UVLO are satisfied, an internal power-up sequence soft-starts the error-amplifier

reference, resulting in a clean monotonic output-voltage soft-start independent of the load current. The Vout/FB pin
monitors the output voltage through a resistor-divider. RESET pin transitions to a high-impedance state 1024 cycles after
the output voltage reaches 95% of regulation. By pulling the EN/UVLO pin to low, the device enters the shutdown mode
and consumes only 2.2pA (typ) of standby current.

The MAX17570A/B/C operate in pulse-width modulation (PWM) mode at all loads and the MAX17570D/E/F operate in
PFM mode at light loads. In PWM mode, the inductor current is allowed to go negative. PWM operation is useful in
frequency sensitive applications and provides fixed switching frequency at all loads. In PFM mode, converter disables
negative inductor current and additionally skips pulses at light loads for high efficiency. In PFM mode, the inductor current
is forced to a fixed peak of 150mA every clock cycle until the output rises to 102.3% of the nominal voltage. Once the
output reaches 102.3% of the nominal voltage, both high-side and low-side FETs are turned off and the part enters
hibernate operation until the load discharges the output to 101.1% of the nominal voltage. Most of the internal blocks are
turned off in hibernate operation to save quiescent current. After the output falls below 101.1% of the nominal voltage,
the device comes out of hibernate operation, turns on all internal blocks, and again commences the process of delivering
pulses of energy to the output until it reaches 102.3% of the nominal output voltage. The advantage of the PFM mode is
higher efficiency at light loads because of lower quiescent current drawn from supply.

DC-DC Switching Regulator

The device uses an internally compensated, fixed-frequency, current-mode control scheme (see the Functional Diagram).
On the rising edge of an internal clock, the high-side pMOSFET turns on. An internal error amplifier compares the
feedback voltage to a fixed internal reference voltage and generates an error voltage. The error voltage is compared to a
sum of the current-sense voltage and a slope-compensation voltage by a PWM comparator to set the on-time. During the
on-time of the pMOSFET, the inductor current ramps up. For the remainder of the switching period (off-time), the
pMOSFET is kept off and the low-side nMOSFET turns on. During the off-time, the inductor releases the stored energy
as the inductor current ramps down, providing current to the output. Under overload conditions, the cycle-by-cycle current-
limit feature limits the inductor peak current by turning off the high-side pMOSFET and turning on the low-side nMOSFET.

Switching Frequency and Clock Synchronization

The switching frequency of the MAX17570 can be programmed from 200kHz to 1MHz with a resistor connected from the
RT/SYNC pin to the GND. Calculate the value of the resistor at RT/SYNC pin (RRrT) for a required switching frequency

(fsw) using the following equation:
375

RT/SYNC = 16400
T 2.1

sw

R

Where RRr1/sync is in kQ and fgyyis in kHz. Leave the RT/SYNC pin open for a default fg\y of 400kHz. For RrT/sYNC
resistor values for a few common switching frequencies, see Table 2.

Table 2. Switching Frequency vs. RrT Resistor

SWITCHING FREQUENCY (kHz) Rkt RESISTOR (kQ)
400 Open
400 9.65
200 4.7
1000 26.4

The RT/SYNC pin can be used to synchronize the internal oscillator of the device to an external clock for the
MAX17570A/B/C as shown in Figure 1. The SYNC functionality is not available in PFM parts (MAX17570D/E/F). The
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

external clock frequency must be between 1.1 x fgyy and 1.4 x fgyy, where fgy is the switching frequency programmed

by the resistor connected at the RT/SYNC pin. When an external clock is applied to the RT/SYNC pin, the internal
oscillator frequency changes to an external clock frequency after 16 internal oscillator cycles if at least 8 external clock
cycles are applied. The pulse width of the external clock should be more than 100ns (tsync) and the allowable duty cycle

(Dsync) range is 10% to 90%.
The external clock signal is AC-coupled onto the RT/SYNC pin. The amplitude of the external clock (Vsync PK_PK)
should be chosen based on the following equations:
For20% <D, .< 80%:
Vsync pk pk > 1.3V and

45
For 10% < Dgypc < 20%:

0.26

Dsync’
45

(5 X Dgyne X VSYNC_PK_PK) -1
For 80% <D < 90%:

SYNC —

0.26

VsyncPKPK > T
- 1 — Dgync

45
(5 X (1 = Dgync) X VSYNC_PK_PK) -1

SYNC

Csync =

Vsync_pk_pk >

Csyne =

Csyne =

MAX17570
Csyne

_| RT/SYNC
GND

CLOCK
SOURCE @ RRT/SYNC J—

Figure 1. Synchronization to an External Clock

Internal 5V Linear Regulator

An internal regulator provides a 5V nominal supply to power the internal functions and to drive the power MOSFETSs. The
output of the linear regulator (V) should be bypassed with a 1uF capacitor to GND. The V¢ regulator dropout voltage
is typically 150mV. An undervoltage lockout circuit that disables the DC-DC synchronous converter when V¢ falls below
3.8V (typ). The 400mV (approximately) Vcc UVLO hysteresis prevents chattering on power-up and power-down.
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Enable Input (EN/UVLO), Soft-Start

When EN/UVLO voltage is above 1.215V (typ), the device’s internal error-amplifier reference voltage starts to ramp up.
The duration of the soft-start ramp is 512 cycles at half the programmed switching frequency, allowing a smooth increase
of the output voltage. The SS-Time variation with switching frequency is given by following equation:

1024
SS Time =

Where:
SS Time = Soft-Start Time in msec
fsw = Switching Frequency in kHz

Driving EN/UVLO low disables both power MOSFETS, as well as other internal circuitry, and reduces VN quiescent current

to below 2.2uA. EN/UVLO can be used as an input-voltage UVLO adjustment input. An external voltage-divider between
VN and EN/UVLO to GND adjusts the input voltage at which the device turns on or turns off. If input UVLO programming

is not required, connect EN/UVLO to V)N (for EN/UVLO rising and falling threshold voltages, see the Electrical
Characteristics table).

Reset Output (RESET)

The device includes an open-drain RESET output to monitor the output voltage. When output rises above 95% of its
nominal set value RESET goes to high impedance after 1024 cycles at the programmed switching frequency and pulls
low when the output voltage falls below 92% of the set nominal regulated voltage. RESET asserts low during the hiccup
timeout period.

Startup into a Prebiased Output

The device is capable of soft-start into a prebiased output, without discharging the output capacitor. Such feature is useful
in applications where digital integrated circuits with multiple rails are powered.

Operating Input Voltage Range

The maximum operating input voltage is determined by the minimum controllable on-time and the minimum operating
input voltage is determined by the maximum duty cycle and circuit voltage drops. The minimum and maximum operating
input voltages for a given output voltage should be calculated as follows:

Vout + (Ioutvax) X (RDCR(MAX) + RDS—ONL(MAX)))

Vinmin = 1—fqy Xt + Iour X (Rps—onu(max) — Rps—onLmax))
Max) X LoFF-MIN(MAX)
Vinmax = Yo
on-MINMAx) X fswmax)
Where:

VouT = Steady-state output voltage

louT(MAX) = Maximum load current

Rpcr(max) = DC resistance of the inductor

fsw(max) = Switching frequency (maximum)

torF-MIN(MAX) = Worst case minimum controllable switch off-time (145ns)
toN-MIN(MAX) = Worst case minimum controllable switch on-time (130ns)
Rps-oNH(MAX) = Worst case on-state resistances of high-side internal MOSFET
Rps-oNL(mAx) = Worst case on-state resistances of low-side internal MOSFET
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Overcurrent Protection/Hiccup Mode

The device is provided with 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 switch
current exceeds an internal limit of 0.56A (typ). A runaway current limit on the high-side switch current at 0.66A (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 is built up during the on period of the step-down converter. One occurrence of the
runaway current limit triggers a hiccup mode. In addition, if due to a fault condition, output voltage drops to 65% (typ) of
its nominal value any time after soft-start is complete, hiccup mode is triggered. In hiccup mode, the converter is protected
by suspending switching for a hiccup timeout period of 32768 cycles at half the programmed switching frequency. Once
the hiccup timeout period expires, soft-start is attempted again. Hiccup mode of operation ensures low power dissipation
under output short-circuit conditions. Care should be taken in board layout and system wiring to prevent violation of the
absolute maximum rating of the Vout/FB pin under short-circuit conditions. Under such conditions, it is possible for the
ceramic output capacitor to oscillate with the board or wiring inductance between the output capacitor or short-circuited
load, thereby causing the absolute maximum rating of Vout/FB (-0.3V) to be exceeded. The parasitic board or wiring
inductance should be minimized and the output voltage waveform under short-circuit operation should be verified to
ensure the absolute maximum rating of Vout/FB is not exceeded.

Thermal Overload Protection

Thermal overload protection limits the total power dissipation in the device. When the junction temperature exceeds
166°C, an on-chip thermal sensor shuts down the device, turns off the internal power MOSFETS, allowing the device to
cool down. The thermal sensor turns the device on after the junction temperature cools by 20°C.
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Applications Information
Inductor Selection

A low-loss inductor having the lowest possible DC resistance that fits in the allotted dimensions should be selected. The
saturation current (IsaT) must be high enough to ensure that saturation cannot occur below the maximum current-limit

value. The required inductance for a given application can be determined from the following equation:

v,
L=3.7x-2T

Sw
Where:
VouTt = Output voltage

fsw = Switching frequency in Hz
L = Inductance in H.

Once the L value is known, the next step is to select the right core material. Ferrite and powdered iron are commonly
available core materials. Ferrite cores have low core losses and are preferred for high-efficiency designs. Powdered iron
cores have more core losses and are relatively cheaper than ferrite cores.

Setting the Input Undervoltage Lockout Level

The devices offer an adjustable input undervoltage lockout level. Set the voltage at which the device turns on with a
resistive voltage-divider connected from VN to GND (see Figure 2). Connect the center node of the divider to EN/UVLO.

Choose R1 to be 3.3MQ maximum, and then calculate R2 as follows:
_ R1x1215
"~ Vi — 1.215

Where V|Nnu is the voltage at which the device is required to turn on. If the EN/UVLO pin is driven from an external signal

source, a series resistance of minimum 1kQ is recommended to be placed between the signal source output and the
EN/UVLO pin, to reduce voltage ringing on the line.

R2

VIN O VIN

§ Ri MAX17570

EN/UVLO

Figure 2. Adjustable EN/UVLO Network

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 RMS current requirement (Irps) is defined by the following

equation:

\/VOUT (VIN - VOUT)
VIN
1-D

Iems = lour(max) X

Cy=1 XDX——mmm
IN OUT(MAX) 1 X gy X AV,
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MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Where:
D = VouTt/V|N is the duty ratio of the converter

fsw = Switching frequency in Hz
AV)|N = Allowable input voltage ripple
n = efficiency

In applications where the source is located distant from the device input, an electrolytic capacitor should be added in
parallel to the ceramic capacitor to provide necessary damping for potential oscillations caused by the inductance of the
longer input power path and input ceramic capacitor.

Output Capacitor

Small ceramic X7R-grade capacitors are sufficient and recommended for the device. The output capacitor has two
functions. It filters the square wave generated by the device along with the output inductor. It stores sufficient energy to
support the output voltage under load transient conditions and stabilizes the device’s internal control loop. Usually, the
output capacitor is sized to support a step load of 33% of the maximum output current in the application, such that the

output voltage deviation is less than 3%. Required output capacitance can be calculated from the following equation:
C _ 1.16
T Vour x fc

Where:
Cout = Output capacitance in F

VouTt = Output voltage

fc = Desired crossover frequency in Hz. fc is chosen to be the lowest value between 1/12th of the switching frequency
and 50kHz

Derating of ceramic capacitors with DC voltage at appropriate AC voltage (equal to the steady-state output voltage ripple)
must be considered while selecting the output capacitor.

Adjusting the Output Voltage

The MAX17570C/F output voltage can be programmed from 0.9V to 0.97 x V|N. Set the output voltage by connecting a

resistor-divider from output to FB to GND (see Figure 3). For the output voltages less than 6V, choose R6 in the 50kQ to
150kQ range. For the output voltages greater than 6V, choose R6 in the 25kQ to 75kQ range and calculate R5 with the
following equation.

VOUT
R5 = R6[ - 1]
0.9

Vout

MAX17570C/F RES
FB

R6S

GND

Figure 3. Setting the Output Voltage
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Power Dissipation
At a particular operating condition, the power losses that lead to temperature rise of the part are estimated as follows:

1
Ploss = [POUT X (ﬁ - 1)] - (IéUT X RDCR)

Pour = Vour X lour

Where:

PouT = Output power

n = Efficiency of the converter

RpcRr = DC resistance of the inductor

VouTt = Output voltage
louT = Output current

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

Ty =T, + (e]A X PLOSS)
Where 8,4 is the junction-to-ambient thermal impedance of the package. Junction temperature greater than +125°C
degrades operating lifetimes.

PCB Layout Guidelines

Careful PCB layout is critical to achieve clean and stable operation. The switching power stage requires particular
attention. Follow the guidelines below for good PCB layout:

¢ Place the input ceramic capacitor as close as possible to the Vyand GND pins.

e Connect the negative terminal of the V¢ bypass capacitor to the GND pin with shortest possible trace or ground

plane.
¢ Minimize the area formed by the LX pin and the inductor connection to reduce the radiated EMI.
o Place the V¢ decoupling capacitor as close as possible to the V¢ pin.
e Ensure that all feedback connections are short and direct.
¢ Route the high-speed switching node (LX) away from the Voy1/FB, RESET, and RT pins.
For a sample PCB layout that ensures the first-pass success, refer to the MAX17570 evaluation kit layouts available at
www.maximintegrated.com/MAX17570.
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vin L Vout
o i VIN LX JW\T,_O
CIN Rl Cout
I  ENIUVLO GND ﬂ
= ce MAX17570A/B/D/E -
= f'VCC Vout/FB
CVCC
RESET ——/\\— Ve
= RT/SYNC R4
R3
VIN CIN
PLANE ’—1 }_‘
LX PLANE Vout
L1 PLANE
— Y Y Y\ _4
R1 ViN | i1 @ LX
Cout
ENJUVLO | | i |eND
vee | ¢ RESET D
R2 I ® i
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TVOUTIFB P4 i5 | RT/SYNC
®
® — N \N—
R3
® *—\VVVv—
R4
® VIAS TO BOTTOM SIDE GROUND PLANE
@ VIASTO Vout
® VIASTO Vo

Figure 4. Layout Guidelines for MAX17570A/B/D/E
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VIN L1 Vout
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I [ ENIUVLO GND H RS
L RZ vee MAX17570C/F =
VouT/FB
— b'vm ouT/!
Cvec § R6
Vee
L RESET ——/\\—»
- RT/SYNC R4 =
R3
VIN
PLANE ‘_ﬁ_‘
LX PLANE Vout
L1 PLANE
; () —/ Y Y Yo
R1 VIN] i1 ®
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ENIUVLO | |
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’ — AN
AN ©
AVAVAVR X =
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Figure 5. Layout Guidelines for MAX17570C/F

www.analog.com Analog Devices | 25



MAX17570 4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Typical Application Circuits
Typical Application Circuit for 3.3V Fixed, 400kHz

L1

VIN o * VIN X o o Vour
u
asvTOBOV _L Cout 3.3V, 300mA
W ENIUVLO 2HE
GND SWITCHING FREQUENCY = 400kHz

— MAX17570A/D = L1: COILCRAFT LPS4018-333
CouT: MURATA 22uF/X7R/10V/1206 (GRM31CR71A226KE 15)
Viee Vout/FB
CIN: TAIYO YUDEN 1uF/X7R/100V/1206 (HMK316B7105KLH)
Cvce

14F — RT/SYNC RESET [—»

Figure 6. 3.3V Output with 400kHz Switching Frequency

Typical Application Circuit for 5V Fixed, 400kHz

L1

VIN o * VIN X R o Vour
u
BSVTOBV _L Cour 5V, 300mA
W ENIUVLO R
GND SWITCHING FREQUENCY = 400kHz

= MAX17570B/E = L1: COILCRAFT LPS4018-473
CouT: MURATA 10uF/X7R/25V/1206 (GRM31CR71E106KA12)
Viee Vout/FB
CIN: TAIYO YUDEN 1uF/X7R/100V/1206 (HMK316B7105KLH)
Cvce

14F — RT/SYNC RESET [——»

Figure 7. 5V Output with 400kHz Switching Frequency

Typical Application Circuit for 12V Adjustable, 400kHz

L1

VIN o ° VIN LX _/‘V‘V‘\T_o Vout
100uH
1BYTOB0V _L " Cout 12V, 300mA
W ENIUVLO 1W< B8
I GND 499D S\ITCHING FREQUENCY = 400kHz

= MAX17570C/F = L1: WURTH 74404054101
v Vout/FB Cout: MURATA 10uF/X7R/25V/1206 (GRM31CR71E106 MA12K)
ce CIN: TAIYO YUDEN 1uF/X7R/100V/1206 (HMK316B7105KLH)
Cvce R6
1uF RT/SYNC RESET [——» 40.2kQ

1—
|

Figure 8. 12V Output with 400kHz Switching Frequency
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4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

Typical Application Circuit for 5V Fixed, 1MHz

VIN o

7V TO 38V CIN _L

1WF—T

Cvce
1uF

R3
26.4kQ

h

VIN LX

EN/UVLO

MAX17570B/E

L1

o VouT
18uH
Cout
10pF
GND

Vce VouT/FB

RT/SYNC

RESET [—»

5V, 300mA

SWITCHING FREQUENCY = 1MHz
L1: COILCRAFT LPS4018-183

CouT: MURATA 10uF/X7R/10V/0805 (GRM21BR71A106KA73)
CIN: TAIYO YUDEN 1uF/X7R/100V/1206 (HMK3 16B7105KLH)

Figure 9. 5V Output with 1MHz Switching Frequency

Typical Application Circuit for 1.8V Adj, 200kHz

VIN o °

45VTOBOV _L
1pFI

VIN LX

L1

4TuF

o Vout
33uH
Cout

1.8V, 300mA

R5
75kQ

EN/UVLO GND
MAX17570C/F
vVee VouT/FB
RT/ISYNC RESET

R6
75kQ

SWITCHING FREQUENCY = 200kHz
L1: COILCRAFTLPS4018-333

CouT: MURATA 47uF/X7R/6.3V/1210 (GRM32ER70J4 76KE20)
CIN: TAIYO YUDEN 1uF/X7R/100V/1206 (HMK3 16B7105KLH)

Figure 10. 1.8V Output with 200kHz Switching Frequency

www.analog.com

Analog Devices | 27



MAX17570

Ordering Information

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

PART NUMBER TEMP RANGE PIN-PACKAGE Vour MODE OF OPERATION
MAX17570AATA+ -40°C to +125°C 8-pin TDFN 2mm x 2mm 3.3 PWM
MAX17570AATA+T -40°C to +125°C 8-pin TDFN 2mm x 2mm 3.3 PWM
MAX17570BATA+ -40°C to +125°C 8-pin TDFN 2mm x 2mm 5 PWM
MAX17570BATA+T -40°C to +125°C 8-pin TDFN 2mm x 2mm 5 PWM
MAX17570CATA+ -40°C to +125°C 8-pin TDFN 2mm x 2mm Adjustable PWM
MAX17570CATA+T -40°C to +125°C 8-pin TDFN 2mm x 2mm Adjustable PWM
MAX17570DATA+ -40°C to +125°C 8-pin TDFN 2mm x 2mm 3.3 PFM
MAX17570DATA+T -40°C to +125°C 8-pin TDFN 2mm x 2mm 3.3 PFM
MAX17570EATA+ -40°C to +125°C 8-pin TDFN 2mm x 2mm 5 PFM
MAX17570EATA+T -40°C to +125°C 8-pin TDFN 2mm x 2mm 5 PFM
MAX17570FATA+ -40°C to +125°C 8-pin TDFN 2mm x 2mm Adjustable PFM
MAX17570FATA+T -40°C to +125°C 8-pin TDFN 2mm x 2mm Adjustable PFM

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

T = Tape and reel.
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MAX17570

Revision History

4.5V to 60V, 300mA, Ultra Small, High-Efficiency
Synchronous Step-Down DC-DC Converters

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 6/23 Release for market intro —

1 7123 Updated TOC12, TOC17, TOC18, TOC41, TOC42, TOC43, TOC61, and TOC67 in

Typical Operating Characteristics section 7,10,12,13

www.analog.com

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is
assumed by Analog Devices for its use, nor for any infringements of patents or other rights of third parties that may

result from its use. Specifications subject to change without notice. No license is granted by implication or otherwise
DEVI‘ ES under any patent or patent rights of Analog Devices. Trademarks and registered trademarks are the property of their

respective owners.

Analog Devices | 29



	Product Highlights
	Key Applications
	Simplified Application Diagram
	Pin Description
	Absolute Maximum Ratings
	Package Information
	Electrical Characteristics
	Typical Operating Characteristics
	Typical Operating Characteristics (continued)
	Typical Operating Characteristics (continued)
	Typical Operating Characteristics (continued)
	Typical Operating Characteristics (continued)
	Typical Operating Characteristics (continued)
	Typical Operating Characteristics (continued)
	Typical Operating Characteristics (continued)
	Typical Operating Characteristics (continued)
	Pin Configurations
	Pin Descriptions
	Functional Diagram
	Detailed Description
	DC-DC Switching Regulator
	Switching Frequency and Clock Synchronization
	Internal 5V Linear Regulator
	Enable Input (EN/UVLO), Soft-Start
	Reset Output (RESET)
	Startup into a Prebiased Output
	Operating Input Voltage Range
	Overcurrent Protection/Hiccup Mode
	Thermal Overload Protection

	Applications Information
	Inductor Selection
	Setting the Input Undervoltage Lockout Level
	Input Capacitor
	Output Capacitor
	Adjusting the Output Voltage
	Power Dissipation
	PCB Layout Guidelines

	Typical Application Circuits
	Typical Application Circuit for 3.3V Fixed, 400kHz
	Typical Application Circuit for 5V Fixed, 400kHz
	Typical Application Circuit for 12V Adjustable, 400kHz
	Typical Application Circuit for 5V Fixed, 1MHz
	Typical Application Circuit for 1.8V Adj, 200kHz

	Ordering Information



