EVALUATION KIT AVAILABLE

Click here for production status of specific part numbers.

MAX17670, MAX17671,
MAX17672

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

General Description

MAX17670, MAX17671, and MAX17672 are dual-output
regulators integrating a 4V to 60V, 150mA high-volt-
age, high-efficiency synchronous step-down converter
with internal MOSFETs and a high-PSRR, low-noise,
2.35V to 5V, 50mA linear regulator. The MAX17670 and
MAX17671 provide fixed step-down converter output volt-
ages of 3.3V and 5V, respectively. The output voltage of
the MAX17672 step-down converter is adjustable (0.8V
up to 90% of V|N). 3.3V (MAX17671 and MAX17672
only), 3.0V, 2.5V, 1.8V, 1.5V, and 1.2V linear regulator
output voltage options are supported. See the Ordering
Information for details.

The feedback-voltage regulation accuracy over -40°C
to +125°C temperature range for the linear regulator
is £1.3% and for the step-down converter is £+2%. The
devices are available in a compact 10-pin (3mm x 3mm)
TDFN package. Simulation models are available.

Applications

Industrial Sensors and Process Control
High-Voltage Linear Regulator Replacement
Battery-Powered Equipment

HVAC and Building Control

Ordering Information appears at end of data sheet.

Typical Application Circuit

Benefits and Features

Reduces External Components and Total Cost

* No Schottky—Synchronous Operation

 Internal Compensation

+ Built-In Soft-Start

» All-Ceramic Capacitors, Compact Layout

* Protection against Inductive Short at Step-Down
Converter Output

Reduces Number of DC-DC Regulators to Stock

* Wide 4V to 60V Input Range for the Step-Down
Converter Regulator

* Up to 98% Duty-Cycle Step-Down Operation

» 200kHz to 2.2MHz Adjustable Switching Frequency
with External Synchronization for Step-down
Converter

» 2.35V to 5V Input Range for the Linear Regulator

+ Linear Regulator with up to 50mA Load Current
Capability

Reduces Power Dissipation

* 50uA No-Load Supply Current

* PFM Enables Enhanced Light-Load Efficiency

+ 2.5pA Shutdown Current

» Bootstrap Bias Input for Improved Efficiency

Reliable Operation in Adverse Environments

» Peak Current-Limit Protection

 Built-In Output-Voltage Monitoring with RESET

* Resistor Programmable EN/UVLO Threshold

» Monotonic Startup into Prebiased Load

» Overtemperature Protection

» High Industrial -40°C to +125°C Ambient Operating
Temperature Range / -40°C to +150°C Junction
Temperature Range

VIN 68L1H Vout
6.5V TO 60V 2 5V, 100mA
IN LX >
c3
47uF
EN/UVLO
GND
MAX17671F —
VourtL e
3.3V, 50mA T ouTL FBBUCK
) zﬁi :I: L1: LPS3015-683VR
L _luopesyne RESET[—» C1: 1.0uFIX7R/100V/1206
= C2: 2.2uF/X7RI0V/0603 (GRM188R71A225KE15)
— IRt INL C3: 4.7TUF/XTR/16V/0603 (GRM188Z71C475KE21)
EP fow : 600kHz
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MAX17670, MAX17671,
MAX17672

Absolute Maximum Ratings

IN £0 GND ... -0.3V to +70V
LX, EN/UVLO to GND .....oooiiiiiiiieeceeee -0.3Vto IN + 0.3V
RT, OUTL, MODE/SYNC, RESET to GND ............. -0.3V to +6V
INLto GND......coevveiine. -5.5V to lower of (V|y + 0.6V) or +6V
FBBUCK to GND (MAX17670, MAX17671) -5.5V to +6V
FBBUCK to GND (MAX17672) ....cccceieeiieeieeiiaienne -0.3V to +6V
Linear Regulator and Step-Down Converter

Output Short-Circuit Duration ............cccoeceeiieeennen. Continuous

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter

with 50mA Linear Regulator

Continuous Power Dissipation
(Tp = +70°C, derate 24.4mW/°C above +70°C.)....... 1952mwW

Operating Temperature Range (Note 1)........... -40°C to +125°C
Junction Temperature..........ccoccceveiiiiieeniinneen. -40°C to +150°C
Storage Temperature Range............... ... -65°C to +150°C

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

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

device reliability.

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

Package Information

PACKAGE TYPE: 10-PIN TDFN

Package Code T1033+1C
Outline Number 21-0137
Land Pattern Number 90-0003

THERMAL RESISTANCE, FOUR-LAYER BOARD:

Junction to Ambient (64) 41°C/W

9°C/W

Junction to Case (6,c)

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.

www.maximintegrated.com
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MAX17670, MAX17671, Integrated 4V-60V, 150mA, High-Efficiency,
MAX17672 Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Electrical Characteristics

(VIN = VEN/UVLO = 24V, VINL= BY, VEBBUCK = 1.05 X VEBBUCK-REG: CouTL = 2.2uF to GND, Vgnp = 0V, RT = LX = MODE/SYNC =
RESET = unconnected, 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
INPUT SUPPLY (IN)
Input-Voltage Range VN 4 60 \%
Input-Shutdown Current lIN-SH VEN/UVLO = 0V, Tp = +25°C 25 4.5 MA
lQ-PFM 70
VEBBUCK = 0.95 X VFBBUCK-REG: Normal 1336
Input-Quiescent Current switching mode, VL = OV MA
la-Pwm
VEBBUCK = 0.95 X VFBBUCK-REG: Normal 1000
switching mode, V| = 5V
ENABLE/UVLO (EN/UVLO)
ENIUVLO Threshold VENR VEN/UVLO fising 119 1215 1.4 v
VENF VEN/UVLO falling 1.068 1.09 1.112
EN/UVLO Input-Leakage Current IENLKG Ven/uvLo = 1.3V, Tp = 25°C -100 100 nA
EXTERNAL BIAS (INL)
INL Switch Over Voltage VINL_TH INL rising 2.725 3 3.21 v
INL Switch Over Hysteresis VINL_HYS 0.17
HIGH-SIDE MOSFET AND LOW-SIDE MOSFET DRIVER
gﬂiiﬁiﬂfs Rps-ONH | ILx = 0.1A (Sourcing) 27 5.1 Q
E?,V.Véigztzris Rps.oNL | ILx = 0.1A (Sinking) 133 27 Q
L Leakage Current X LK@ \T/EE ; 50\(/: Vix = (Vanp +1V) to (Vi - 1V), 1 +1 UA
SOFT-START
Soft-Start Time tssq 4.4 5.1 5.8 ms
STEP-DOWN CONVERTER FEEDBACK (FBBUCK)
MODE/SYNC = GND, MAX17670 3.216 3.3 3.365
MODE/SYNC = unconnected, MAX17670 3.216 3.35 3.425
FBBUCK Regulation Voltage VEBBUCK- MODE/SYNC = GND, MAX17671 4.887 5 5.087 v
REG MODE/SYNC = unconnected, MAX17671 4887 5.075 5.188
MODE/SYNC = GND, MAX17672 0.782 0.8 0.814
MODE/SYNC = unconnected, MAX17672 0.782 0.812 0.830
MAX17670, MAX17671 10 MA
FBBUCK Input-Bias Current IFBBUCK
MAX17672 -100 100 nA
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MAX17670, MAX17671,

MAX17672

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter

Electrical Characteristics (continued)

(VIN = VEN/UVLO = 24V, VINL= 5V, VEBBUCK = 1.05 X VEBBUCK-REG, CouTL = 2.2uF to GND, Vgnp = 0V, RT = LX = MODE/SYNC =
RESET = unconnected, Ta = -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)

with 50mA Linear Regulator

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
CURRENT LIMIT
Peak Current-Limit Threshold IPEAK-LIMIT 245 295 345 mA
MODE/SYNC = GND 65 105 145
Sink Current-Limit Threshold ISINK-LIMIT ] mA
PFM Current-Limit Threshold IPEM 55 92 120 mA
OSCILLATOR (RT)
Switching Frequency Accuracy fsw = 200kHz to 2.2MHz -1 +11 %
Switching Frequency fsw 536 610 680
Switching Frequency See the Switching Frequency (RT) kHz
) . . 200 2200
Adjustable Range section for details
TIMING
Minimum On-Time toN_MIN 75 128 ns
Minimum Off-Time torr_MIN 40 55 75 ns
Minimum Oﬁ-Tlme during SYNC torr_ 48 75 100 ns
Mode of Operation MIN(SYNC)
HICCUP Timeout 51 ms
MODE/SYNC
MODE/SYNC Internal R Mode = PFM 32 ‘0
Pullup Resistor MODE Mode = PWM 1100
SYNC Input Frequency 1.1x 14x
fsw fsw
Minimum SYNC Pulse Width 100 ns
ViH 2.1
SYNC Threshold V
VL 0.8
RESET
RESET Output-Level Low IRESET = 10mA 400 mV
RESET Output-Leakage Current Ta = +25°C, VRESET = 5.5V -100 100 nA
;iBS?nL;CK Threshold for RESET | /0 jckr | FBBUCK rising (Note 3) 92 95 98
Ezlﬁrl;lgCK Threshold for RESET |\, 0 oke | FBBUCK falling (Note 3) 89 92 95
%
OUTL Threshold for RESET VouTLR | OUTL rising (Note 3) 915 945 975
Rising
S;IL:ThreShdd for RESET VouTLF | OUTL falling (Note 3) 88 o1 94

www.maximintegrated.com
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MAX17670, MAX17671, Integrated 4V-60V, 150mA, High-Efficiency,
MAX17672 Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Electrical Characteristics (continued)

(VIN = VEN/UVLO = 24V, VINL= 5V, VEBBUCK = 1.05 X VEBBUCK-REG, CouTL = 2.2uF to GND, Vgnp = 0V, RT = LX = MODE/SYNC =
RESET = unconnected, Ta = -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

RESET Delay after FBBUCK See Reset Output (RESET) section
and VoyTL Reach 95% tp for details 2.1 ms
Regulation
LINEAR REGULATOR INPUT SUPPLY (INL)
Linear Regulator Input-Voltage VinL 235 5 Vv
Range

loutL = 0A, VINL =5, VEFBUCK = 0.95 %

o 710

Linear Regulator Input-Quiescent VEFBUCK-REG, Normal Switching mode.
Current N bA

louTL = 0A, ViNL =2.5 35
Linear Regulator UVLO VINL_UVLO 211 2.18 2.25 V
Linear Rggulator UVLO VINL_ 50 Y
Hysteresis UVLO(HYS)
LINEAR REGULATOR OUTPUT VOLTAGE (OUTL)

VINL =2.38V, lOUTL= 10mA, 15 +15

OUTL Accuracy Vour = 12V, 1.5V, 18V y
(o]
VINL = VouTL + 0.8V, loyTL = 10mA,

VouTL = 2.5V, 3.0V, 3.3V 133 +1.33
0.1mA < lgyTL < 50mA. V|NL = 2.8V for
Load Regulation VouTtL = 1-2V, 1.5V, 1.8V; V|nL = VouTL 0.5 0.9 %
+0.8V for VoyTL = 2.5V, 3.0V, 3.3V
Dropout Voltage Vpo VINL = VouTL, louTL = 50mA (Note 4) 200 400 mV
Linear Regulator Current Limit ILpo LM xl(r)\lLliTl- \_/073_:? 2f2n\c/>mmal value, 55 84 mA
Soft-Start Time tss2 11 ms
THERMAL SHUTDOWN
Thermal-Shutdown Threshold Temperature rising 160 °C
Thermal-Shutdown Hysteresis 20 °C

Note 2: All the Electrical Specifications are 100% production tested at Tp = +25°C. Specifications over the operating temperature
range are guaranteed by design and characterization.

Note 3: Specifications are in respect to regulation voltage.

Note 4: Applicable for linear regulators with nominal output voltages of 2.5V, 3.0V, and 3.3V.
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MAX17670, MAX17671,
MAX17672

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Typical Operating Characteristics

(VIN =24V, Vanp = 0V, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. All voltages are referenced

to GND,

unless otherwise noted.)

MAX17671F, 5V OUTPUT

MAX17671F, 5V OUTPUT

MAX17671F, 5V OUTPUT EFFICIENCY vs. LOAD CURRENT LOAD AND LINE REGULATION
EFFICIENCY vs. LOAD CURRENT FIGURE 4 CIRCUIT FIGURE 4 CIRCUIT
FIGURE 4 CIRCUIT etz 504 toc03
100 toc01 100
90 =
% % A=
70 L i _ o
= Vw=aav T Vi=dev g . A Vi =48V ¢ L
= i i L ] = 5
g Ez ViN = ‘12V Vi = 60V % 5 % \ Vi = 36V 3 . -r " -
= Aj
5 Viy = 6.5V 2 . ¢ \ Vi =24V 5 ‘ X
g H o - =
g 9 i | vig= v 3 V=65V | V=2V | vy=dev
30 30 Tt 501
" o | V=65V
10 10
0 0 5.00
0.00 0.05 0.10 0.15 0.001 0.010 0.100 0.00 0.05 0.10 015
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
CONDITIONS: PWM MODE, fgyy = 200kHz CONDITIONS: PFM MODE, fgyy = 200kHz CONDITIONS: PWM MODE, fsyy = 200kHz
FIGURE 4 CIRCUIT EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
u u toc04 FIGURE 5 CIRCUIT FIGURE 5 CIRCUIT
5.15 T 100 toc05 100 toc06
Viy = 6.5V |1
[ = o | L |
LA T —— s
80 I -\ \ 80 (/ g% //’_]_ // *_ ,——;
s g 70 — V=36V | = 70 ,‘/’\/ g5 Vi = 60V
8 =48V g —\ V=2V — V=4V z 6 o /5\/ V=48V
§ L V=6V ] § 50 L R g 50 [/ /r T, V=8
5 o 40 HEE V=45V £ 40 [ Vi =24V
= w \ [
30 30 4 =
3 5w | V= 2y
20 20 | V=45V
10 10 i i i
495 0 0
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15 0.001 0.010 0.100
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
CONDITIONS: PFM MODE, fgy = 200kHz CONDITIONS: PWM MODE, fgyy = 200kHz CONDITIONS: PFM MODE, fgy = 200kHz
MAX17670E, 3.3V OUTPUT MAX17670E, 3.3VOUTPUT
LOAD AND LINE REGULATION LOAD AND LINE REGULATION
FIGURE 5 CIRCUIT FIGURE 5 CIRCUIT
3.33 toc07 3.45 } toc08
Viy=4.5V
3.32 / Vi =12V
Vin=12V Vin =36V Viy = 60V = 3.40 Yy
£ \ \ \ 8 '
g 3.31 i | ¥ 2 / Vi =36V
é g 335 [ Vi =48V
S ? f ? 5 Vi = 60V
Z 330 } \ } &
2 V=45V V=24V | V=48V 5 —
3 3.30 -
3.29
3.28 3.25
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15

LOAD CURRENT (A)

CONDITIONS: PWM MODE, fgy = 200kHz

www.maximintegrated.com

LOAD CURRENT (A)
CONDITIONS: PFM MODE, fgyy = 200kHz
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MAX17670, MAX17671,
MAX17672

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter

Typical Operating Characteristics (continued)
(VIN = 24V, Vgnp = 0V, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. All voltages are referenced

to GND, unless otherwise noted.)

MAX17671F, 5V OUTPUT
EFFICIENCY vs. LOAD CURRENT

MAX17671F, 5V OUTPUT
EFFICIENCY vs. LOAD CURRENT

FIGURE 6 CIRCUIT FIGURE 6 CIRCUIT
100 toc09 100 toc10
90 . 90 — =
8 - 8 ,’/::'_--/’:__ =
_ o = T o AT
g Vi = 36V = AT
5 6 /d L \ \ S w0 g% o V,N\= ™
2 Vvw=ay  vRav | g ] | !
S 50 w50 , Viy=36v — V=60V
= \ Vin=12V V\N=é0\/ 2 & \ P
i 40 \ f w40 b Vi = 24V
Viy=6.5V (A
0w 30 <\ Viy =12V
| [
20 20 F vy=65V
10 10 [
ol NI
0.00 0.05 0.10 0.15 0.001 0.010 0.100
LOAD CURRENT (A) LOAD CURRENT (A)
CONDITIONS: PWM MODE, fgy = 600kHz CONDITIONS: PFM MODE, fgyy = 600kHz
MAX17671F, 5V OUTPUT MAX17670E, 3.3V OUTPUT
LOAD AND LINE REGULATION EFFICIENCY vs. LOAD CURRENT
FIGURE 6 CIRCUIT FIGURE 7 CIRCUIT
5.15 ‘ toc12 100 toc13
Viy =65V %0
Vi =12V
510 N Vi =28V 80 }’W —
s 7 Vi =36V o A
o | g \ Vi =36V v\—42v
% Vi =48V g 60 YIN =y T N 1
S 506 ————\ 1 —L V=60V | [T
3 I} Vi =12V
5 - < t 40 M- "5
g w Vi =4.5V
=) 30
© 500
20
10
4.95 0
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
LOAD CURRENT (A) LOAD CURRENT (A)
CONDITIONS: PFM MODE, fgy = 600kHz CONDITIONS: PWM MODE, fgyy = 600kHz
MAX17670E, 3.3V OUTPUT
LOAD AND LINE REGULATION
FIGURE 7 CIRCUIT
3.31 \ ‘ toc1
ViN =12V VN =36V
3.30 {
- L X s
= L
i} Q
e 3 (ED
Q‘ 4
l
5 Vi = 4.5V Viy =24V Viy =42V z
2 328 =
5 3
o
3.27
3.26 3.25
0.00 0.05 0.10 0.15

LOAD CURRENT (A)
CONDITIONS: PWM MODE, fgy = 600kHz

www.maximintegrated.com

with 50mA Linear Regulator

MAX17671F, 5V OUTPUT

LOAD AND LINE REGULATION
FIGURE 6 CIRCUIT
505 toc11
504 |— V=12V — =3V 1 V=60V
\
w
2
g 5.03 A A A
>
5
% Viy = 6.5V Vin =24V Vi =48V
S 502
5.01
0.00 0.05 0.10 0.15
LOAD CURRENT (A)
CONDITIONS: PWM MODE, fgy = 600kHz
MAX17670E, 3.3V OUTPUT
EFFICIENCY vs. LOAD CURRENT
FIGURE 7 CIRCUIT
100 toc14
90 e —
80 L ”":,: —=
e
0 A :’— e YE
£ o CLIAA \ il
5 /& %, Vi =42
) / Vi = 36V
[ V7 \
b 40 Vi = 24V
w [RRN
30 —\ Vi =12V
I I
20 | vy=45V
10 ||
oL 1]
0.001 0.010 0.100

LOAD CURRENT (A)
CONDITIONS: PFM MODE, fgy = 600kHz

MAX17670E, 3.3V OUTPUT
LOAD AND LINE REGULATION
FIGURE 7 CIRCUIT

toc16

0.00

0.05 0.10
LOAD CURRENT (A)
CONDITIONS: PFM MODE, fgy, = 600kHz

0.15
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MAX17670, MAX17671,

MAX17672

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Typical Operating Characteristics (continued)

(VIN = 24V, Vgnp = 0V, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. All voltages are referenced
to GND, unless otherwise noted.)

MAX17672C, 5V OUTPUT

MAX17672C, 5V OUTPUT

MAX17672C, 5V OUTPUT

EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT LOAD AND LINE REGULATION
FIGURE 8 CIRCUIT FIGURE 8 CIRCUIT FIGURE 8 CIRCUIT
100 toc17 100 toc18 5.04 loc19
9 | 90 L =
80 n 80 A 503
T I Emust e
< T Ve \ A R %= 5% A - -
> & (. | =% \ \ S w all Vm\- ~ 4 50 i M v I i
- n S N = <
g 5 \ Vin =24V Viy = 48V ‘ g 50 4; \ Vin=36V — Viy=60V § l x X
e Viy =12V VN =60V o [NENA
E 0 \ IN ; N E 2 [ \ Vi = 24V 'é 5.01 A A A
- I
30 V=65V 30 <\ Vin =12V % \
ol N V=65V | Vw=2V | Viy=4ev
2 Viy : 6.?V | 5.00
0 10
| L
0.00 0.05 0.10 015 0.001 LOAS’&‘)RRENT w 0.100 0.00 0.05 0.10 0.15
LOAD CURRENT (A) : . LOAD CURRENT (A)
CONDITIONS: PWM MODE, fsyy = 600kHz CONDITIONS: PFM MODE, fsy = 600kHz CONDITIONS: PWM MODE, fsy, = 600kHz
MAX17672C, 5V OUTPUT MAX17671F, 5V OUTPUT MAX17671F, 5V OUTPUT
LOAD AND LINE REGULATION NO-LOAD SUPPLY CURRENT vs. SHUTDOWN CURRENT vs.
FIGURE 8 CIRCUIT INPUT VOLTAGE, FIGURE 6 CIRCUIT INPUT VOLTAGE, FIGURE 6 CIRCUIT
515 : toc20 250 toc21 8 toc22
Vi =65V
V=12V 0
510 L, =2 6
- Vi =36V z \ _
W Vi =48V Y El
= ] =
5 sos Vi =60V g g ¢
- \ ~ t 3 1o g —
> >
£ g N N —
S 500 3 I 2
50
495 0 0
0.00 0.05 0.10 0.15 0 10 20 30 4 5 60 0 10 220 30 40 50 60

LOAD CURRENT (A)
CONDITIONS: PFM MODE, gy = 600kHz

INPUT VOLTAGE (V)
CONDITIONS: PFM MODE, fgy = 600kHz

INPUT VOLTAGE (V)
CONDITIONS: PFM MODE, fsyy = 600kHz

MAX17671F, 5V OUTPUT
LOAD TRANSIENT BETWEEN 0mA AND 50mA
FIGURE 4 CIRCUIT

MAX17671F, 5V OUTPUT
LOAD TRANSIENT BETWEEN 100mA AND 150mA
FIGURE 4 CIRCUIT

toc23 toc24

Voutac) 100mV/div Voutiac) 100mV/div

4
lout 50mA/div lout 50mA/div

100us/div
CONDITIONS: PWM MODE, fgy = 200kHz

100us/div
CONDITIONS: PWM MODE, fgy = 200kHz
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MAX17670, MAX17671, Integrated 4V-60V, 150mA, High-Efficiency,
MAX17672 Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Typical Operating Characteristics (continued)

(VIN = 24V, Vgnp = 0V, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. All voltages are referenced
to GND, unless otherwise noted.)

MAX17671F, 5V OUTPUT MAX17670E, 3.3V OUTPUT MAX17670E, 3.3VOUTPUT
LOAD TRANSIENT BETWEEN 1mA AND 50mA LOAD TRANSIENT BETWEEN 0mA AND 50mA LOAD TRANSIENT BETWEEN 100mA AND 150mA
FIGURE 4 CIRCUIT FIGURE 5 CIRCUIT FIGURE 5 CIRCUIT
toc25 toc26 toc27
11

Vourgo) K\ N\ ___N\N 100mVidiv vour(m—-r—}\m()mvldiv Voutac) —H\mmﬂwav

—-—J L‘—’
S e B
lQUT oot oo SOMA/diV 1
4
lour ‘I——— 50mAV/div lour 50mA/div

400us/div 100ps/div 100ps/div
CONDITIONS: PFM MODE, fgy = 200kHz CONDITIONS: PWM MODE, fgy = 200kHz CONDITIONS: PWM MODE, fsyy = 200kHz
MAX17670E, 3.3VOUTPUT MAX17671F, 5V OUTPUT LOAD TRANhSnlé)l‘i];BBQC\;é\EII‘?:.JJOPnl:;AND 150mA
LOAD TRANSIENT BETWEEN 1mA AND 50mA LOAD TRANSIENT BETWEEN OmA AND 50mA
FIGURE 5 CIRCUIT FIGURE 6 CIRCUIT FIGURE 6 CIRCUIT
toc28 toc29 _ t0c30
[

Vourag) P\\ﬁw W M\N\\onw/dw Vourag) -—\r—-—d e 00 Vouric mm— 100mVidiv

4
T SR d IH L
1317 e———, - S —— Y

[ — L—.‘ S0mA/div

lour 50mA/div
100ps/div
 W0psidv_ CONDITIONS: PWM MODE, fy, = 600kHz 100us/div
CONDITIONS: PFMMODE, fsu = 200kHz CONDITIONS: PWM MODE, fgy, = 600kHz
MAX17671F, 5V OUTPUT MAX17670E, 3.3V OUTPUT
LOAD TRANSIENT BETWEEN 1mA AND 50mA LOAD TRANSIENT BETWEEN 0mA AND 50mA
FIGURE 6 CIRCUIT FIGURE 7 CIRCUIT
toc31 toc32

L |

lout [ el 50mA/div

q
lour -——J L—- 50mA/div

100ps/div
CONDITIONS: PWM MODE, fgyy = 600kHz

100us/div
CONDITIONS: PFM MODE, fsy = 600kHz
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MAX17670, MAX17671,
MAX17672

Typical Operating Characteristics (continued)

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter

with 50mA Linear Regulator

(VIN = 24V, Vgnp = 0V, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. All voltages are referenced

to GND, unless otherwise noted.)

MAX17670E, 3.3V OUTPUT
LOAD TRANSIENT BETWEEN 100mA AND 150mA

MAX17670E, 3.3V OUTPUT

LOAD TRANSIENT BETWEEN 1mA AND 50mA

MAX17672C, 5V OUTPUT
LOAD TRANSIENT BETWEEN O0mA AND 50mA

FIGURE 7 CIRCUIT FIGURE 7 CIRCUIT FIGURE 8 CIRCUIT
t0c33 toc34 toc35
Vourac) ﬂH\mOmV/div Voutac) M\MN”WWW&MA{WW 100mV/div Vourac) 100mV/div
L’
e |
[C1Ty PRT— R —— e _—r—————'
4
lout 50mA/div lout L_Tsom/\/div

100ps/div
CONDITIONS: PWM MODE, fsyy = 600kHz

100ps/div
CONDITIONS: PFM MODE, fgy = 600kHz

MAX17672C, 5V OUTPUT
LOAD TRANSIENT BETWEEN 100mA AND 150mA
FIGURE 8 CIRCUIT

toc36

Vourac) 100mV/div

=y -

lout 50mA/div

100ps/div
CONDITIONS: PWM MODE, fgy = 600kHz

MAX17671F, 5V OUTPUT
STEADY STATE AT 150mA LOAD
FIGURE 6 CIRCUIT

toc38

VARV Vg P e

Voutiac) 20mV/div

Vix 10V/div

NWANANANVAVANG

1ps/div
CONDITIONS: PWM MODE, fgy = 600kHz

100mA/div

www.maximintegrated.com

100ps/div
CONDITIONS: PWM MODE, fgyy = 600kHz

MAX17672C, 5V OUTPUT
LOAD TRANSIENT BETWEEN 1mA AND 50mA
FIGURE 8 CIRCUIT

toc37

Voutiac)

lour 50mA/div

100ps/div
CONDITIONS: PFM MODE, fsy = 600kHz

MAX17671F, 5V OUTPUT
STEADY STATE AT 0mA LOAD
FIGURE 6 CIRCUIT

toc39

v

VOUTIAG) ™ ™0 ™™ N T N 20mV iy

Vix 10V/div

100mA/div

1ps/div
CONDITIONS: PWM MODE, fgy = 600kHz

Maxim Integrated | 10



MAX17670, MAX17671, Integrated 4V-60V, 150mA, High-Efficiency,
MAX17672 Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Typical Operating Characteristics (continued)

(VIN = 24V, Vgnp = 0V, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Tpa = +25°C. All voltages are referenced
to GND, unless otherwise noted.)

MAX17671F, 5V OUTPUT MAX17671F, 5V OUTPUT MAX17671F, 5V OUTPUT
STEADY STATE AT 10mA LOAD SOFT-START FROMEN/UVLO SHUTDOWN FROM EN/UVLO
FIGURE 6 CIRCUIT FIGURE 6 CIRCUIT FIGURE 6 CIRCUIT
toc40 tocd1 toc42
Vourac) WWN\/ 100mV/div b J

Venuvio 5V/div VEnuvLo 5V/div

Widiv Vour m \\szldiv

Vix 10V/div Vour]
Iix 100mA/div Iix , 100mA/div
B W N . |
lix w{100mAdiv VRESET 5Vidiv VreseT SVidiv
10us/div ms/div 100ps/div
CONDITIONS: PFM MODE, fgyy = 600kHz CONDITIONS: PWM MODE, fsyy = 600kHz, 33Q RESISTIVE LOAD, CONDITIONS: PWM MODE, fgy, = 600kHz, 33Q RESISTIVE LOAD,
RESET IS PULLED UP TO Voyr WITH A 10kQ RESISTOR RESET IS PULLED UP TO Voyr WITH A 10kQ RESISTOR
MAX17671F, 5V OUTPUT MAX17670E, 3.3V OUTPUT
SOFT-START WITH PREBIAS VOLTAGE OF 2.5V SOFT-START FROM EN/UVLO
FIGURE 6 CIRCUIT FIGURE 7 CIRCUIT
toc43 toc44

d
Venuviol —-—_‘_—_/_-__-—* 5V/div Venuvio BN 5V/div
Vour ) Nidiv Vour / N

!__ Ix 100mA/div
VReseT 5V/div VRESET 5Vidiv

1ms/div 1ms/div
CONDITIONS: PWM MODE, fgyy = 600kHz, 1kQ RESISTIVE LOAD, CONDITIONS: PWM MODE, fgyy = 600kHz, 22Q RESISTIVE LOAD,
RESET IS PULLED UP TO Voyr WITH A 10kQ RESISTOR RESET IS PULLED UP TO Voyr WITH A 10kQ RESISTOR
MAX17671F,5V OUTPUT
MAX17672C, 5V OUTPUT )
SOFT-START FROM EN/UVLO EXTERNAL CLOCK SYNCHRONIZATION
FIGURE 8 CIRCUIT WITH 840kHz, FIGURE 6 CIRCUIT
tocd5 toc46
v
4

4

Venuwvio 5V/div Vs 5V/div
Vour 4| 2VIdiv Vour MRV VY 50mV/div

o
i)
100mA/div Vix ‘ }i} ‘ 20V/div

lix |
o T A—
Iix : 200mA/div
1ms/div 10ps/div
CONDITIONS: PWM MODE, fgyy = 600kHz, 33Q RESISTIVE LOAD, CONDITIONS: fy = 600kHz, 150mA LOAD

RESET IS PULLED UP TO Voyr WITH A 10kQ RESISTOR

www.maximintegrated.com Maxim Integrated | 11



MAX17670, MAX17671,

Integrated 4V-60V, 150mA, High-Efficiency,

MAX17672 Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Typical Operating Characteristics (continued)

(VIN = 24V, Vgnp = 0V, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. All voltages are referenced

to GND, unless otherwise noted.)

MAX17671F, 5V OUTPUT

MAX17671F, 5V OUTPUT

100

VERLOAD PROTECTION
0 FIGSRE . CﬁQCUﬁT 0 CLOSED LOOP BODE PLOT
FIGURE 4 CIRCUIT
“ R
PHASE
2 \\\ ™~ 50
0 g AN ™N
g . N
) z N N
Vour 1V/div 5 0 \ \r ©
GAIN N \
1
N
-20 1T N{ 50
| . BANDWIDTH = 12.2kHz
X 200mA/div PHASE MARGIN = 59.7°
w0 LU _
1oms/div 1% 10k 100k
CONDITIONS: feyy = 600kHz FREQUENCY (Hz)

CONDITIONS: PWM MODE, fgy = 200kHz, 150mA LOAD

MAX17671F, 5V OUTPUT
CLOSED LOOP BODE PLOT
FIGURE 6 CIRCUIT woso

40 T 100
~ PHASE
20 \\ ™ 80
™~ N
_ NN
) \‘\ —
S b o
Z 0 N 60 &
© £
GAIN NN =
il
-20 T 40
BANDWIDTH = 23.4kHz
PHASE MARGIN = 61.5°
oL LU | .
1k 10k 100k
FREQUENCY (Hz)
CONDITIONS: PWM MODE, fsyy = 600kHz, 150mA LOAD
MAX17672C, 5V OUTPUT
CLOSED LOOP BODE PLOT
FIGURE 8 CIRCUIT
40 R “‘“52 100
~. PHASE
N~ ™
20 IS 80
gy N
\\\
N / .
g 1 <
z 0 \\ 60 &
3 GAIN §§ z
]
-20 T h 40
BANDWIDTH = 23.8kHz
PHASE MARGIN = 59.4°
o L LI || »
1k 10k 100k

FREQUENCY (Hz)
CONDITIONS: PWM MODE, feyy = 600kHz, 150mA LOAD

www.maximintegrated.com

GAIN (dB)

DROPOUT VOLTAGE (V)

40

20

-20

40

MAX17670E, 3.3V OUTPUT

CLOSED LOOP BODE PLOT
FIGURE 5 CIRCUIT -
40 T
T PHASE
2 \"/ 50
N N
_ NY N
> 3 TN \ [
8 Z o ™S Nt o ¢
<<
E GAIN N | N &
™
il N
20 Tt -50
BANDWIDTH = 18 2kHz
PHASE MARGIN = 62.9°
£ ERE 400
1k 10k 100k

FREQUENCY (Hz)
CONDITIONS: PWM MODE, fgy, = 200kHz, 150mA LOAD

MAX17670E, 3.3VOUTPUT
CLOSED LOOP BODE PLOT
FIGURE 7 CIRCUIT oost
- LA
O —— PHASE
\ \\\
S~ h 80
\\\~
N\ )
N 60 &
N 5
GAIN N z
‘\\
L] N
L 40
BANDWIDTH = 29.5kHz
PHASE MARGIN = 61.7°
L LI [ | 2
1k 10k 100k

FREQUENCY (Hz)

CONDITIONS: PWM MODE, fsy = 600kHz, 150mA LOAD

0.24

0.20

0.16

0.12

0.08

0.04

0.00

MAX17671F, 3.3V LINEARREGULATOR

DROPOU

T VOLTAGE vs. LOAD CURRENT

toc5:

/

/

/

o

i

/

0

10

20 30 40 50
LOAD CURRENT (mA)

CONDITIONS: INL CONNECTED TO EXTERNAL SUPPLY
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MAX17670, MAX17671,
MAX17672

Typical Operating Characteristics (continued)

(VIN = 24V, Vgnp = 0V, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. All voltages are referenced

to GND, unless

3.6
3.3
3.0
27

24

OUTPUT VOLTAGE (V)

otherwise noted.)

MAX17671F, 3.3VLINEARREGULATOR
OUTPUT VOLTAGE vs. INPUT VOLTAGE

toc54

LOAD = 1mA
I

LOAD = 5mA
|
- — LOAD=10mA

/ ‘

|
LOAD = 25mA
I
T
LOAD = 50mA
2.35 2.88 341 3.94 4.47 5.00
INPUT VOLTAGE (V)
CONDITIONS: INL CONNECTED TO EXTERNAL SUPPLY

MAX17671F, 3.3VLINEARREGULATOR

LOAD TRANSIENT BETWEEN 25mA AND 50mA

Vounw 20mV/div

FIGURE 6 CIRCUIT

toc56

-~

lout| : 20mA/div

20ps/div
CONDITIONS: INL CONNECTED TO Vour

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

MAX17671F, 3.3VLINEARREGULATOR
LOAD TRANSIENT BETWEEN 1mA AND 25mA
FIGURE 6 CIRCUIT

toc5!

Vour. ——r__-_r\—— 50mV/div

4
|oun“20mAldiv

40ps/div
CONDITIONS: INL CONNECTED TO Voyr

MAX17671F, 3.3VLINEARREGULATOR

START-UP FROM EN/UVLO
FIGURE 6 CIRCUIT
toc57
v

4
Venuvio o 5V/div
Vine = Vour| / V/div
Vour / 2V/div

1601 S —— 50mA/div

1ms/div
CONDITIONS: fgy = 600kHz, 66Q RESISTIVE LOAD,
INL CONNECTED TO Voyr

MAX17671F, 3.3V LINEARREGULATOR
POWER SUPPLY REJECTION RATIO vs. FREQUENCY

70 toc5!
60 \
50
N i
N Vi
g w " /
g \‘~.... /
% 30 i
20
10
0
100 1k 10k 100k 1Meg

FREQUENCY (Hz)

CONDITIONS: LOAD =50mA, INL CONNECTED TO EXTERNAL SUPPLY
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MAX17670, MAX17671,
MAX17672

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Pin Configuration

TOP VIEW
L T 7o
______ 7 | o
evuvio |21 77 | i9]GND
o MAX17670 b
RT [30 ! MAX17671 I {8 | MODE/SYNC
-t MAX17672 b
L [
FBBUCK |4 : : 7 | RESET
. |
OUTL |5: 1 ____________ J i6[INL
10-PIN TDFN 3mm x 3mm
Pin Description
PIN NAME FUNCTION
1 IN Power Supply Input of the Step-Down Converter. Decouple the IN pin to GND with an X7R 1uF ceramic capacitor.
Enable/Undervoltage Lockout Input. Drive EN/UVLO high to enable the output voltage. Connect to the midpoint
9 EN/ of a resistor divider from IN to GND to set the input voltage at which the device turns ON. The allowed minimum
UVLO | turn ON input voltage is 4V. Pull low to GND for disabling the device. See Setting the Input Undervoltage-Lock-
out Level section for more details.
Programmable Switching Frequency Input. Connect a resistor from RT to GND to program the switching fre-
3 RT quency from 200kHz to 2.2MHz. Leave the RT pin unconnected for a default 600kHz switching frequency. See
the Switching Frequency (RT) section for details.
Step-down Converter Feedback Input. For MAX17670 and MAX17671, connect FBBUCK directly to the output
4 FBBUCK | node of the step-down converter. For the MAX17672, connect FBBUCK to a resistor-divider between the regu-
lated buck-voltage node and GND. See the Adjusting the Output Voltage section for details.
5 OUTL | Linear Regulator Output Pin. Connect at least 2.2uF, 0603 capacitor across OUTL and GND.
Linear Regulator Power-Supply Input. Connect this pin to the Step-down converter's output capacitor for output
6 INL voltages up to 5V. Otherwise, the INL pin should be grounded. INL also acts as a bootstrap input to power up
internal blocks for improved efficiency. INL switchover occurs only for INL voltages between 3.3V and 5V. See
the Linear Regulator Power-Supply Input (INL) section for details.
Open-Drain Reset Output. Pull up RESET to an external power supply with a resistor. The RESET pin is driven
low if either FBBUCK voltage or OUTL voltage drops below 92% of their set value and also when
7 RESET | EN/UVLO voltage falls below its threshold value. RESET goes high 2.1ms after FBBUCK and OUTL voltages
rise above 95% of their set value if INL is above V|N._yvLo- Else, RESET considers only FBBUCK voltage for
its high impedance state. RESET functionality is not available in PFM mode of operation.
Mode Selection and External Clock Synchronization Input. Connect the MODE/SYNC pin to the GND pin to en-
8 MODE/ | able the fixed-frequency PWM operation. Leave MODE/SYNC unconnected for PFM operation. An external clock
SYNC | can be applied to the MODE/SYNC pin to synchronize the internal clock to the external clock.
See the Mode Selection and External Synchronization (MODE/SYNC) section for details.
9 GND Ground. Connect GND to the power ground plane. Connect all the circuit ground connections together at a

single point. See the PCB Layout Guidelines Layout Guidelines section.

www.maximintegrated.com
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MAX17670, MAX17671, Integrated 4V-60V, 150mA, High-Efficiency,
MAX17672

Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Pin Description (continued)

PIN NAME FUNCTION

10 LX Switching Node of the Step-Down Converter. Connect LX to the switching side of the inductor. LX is high
impedance when the device is shut down.
Exposed Pad. Always connect EP to the GND pin of the IC. Also, connect EP to a large GND plane with

— EP several thermal vias for best thermal performance. Refer to the MAX17670, MAX17671, and MAX17672 EV kit
datasheet for an example of the correct method for EP connection and thermal vias.

Functional Diagrams

MAX17670/MAX17671/MAX17672
INL INTERNAL IN
¢ ¢ LINEAR REGULATOR|
BIAS SELECT
[pok]
POK
EN/UVLO A y Vee
I CHIPEN t— PEAK LIMIT
VENR —
CURRENT
THERMAL SENSE
SHUTDOWN LOGIC
RT - nnn oK ] PFM
OSCILLATOR SLOPE PWM/PFM
et S CONTROL HIGH-SIDE
LOGIC DH DRIVER |
R g 5 =
MODE
Vee LX
MODE/SYNC | MODE SELECTION _ LOW-SIDE ,
c LoGIC > DL DRIVER |
*$1 > 1
.—
A
FBBUCK Rl , GND
*$2 R _—
SINK-LIMIT =
LOOP
COMPENSATION SINK CURRENT
LIMIT
INTERNAL cs
SOFT-
START
CONTROL T
INL _ VFBBUCKR—] CHIPEN
LINEAR RESET
FET DRIVER WITH RESET
| REGULATOR [ FBBUCK—
UVLO LOGIC CURRENT LIMIT
OUTL RESET
4
VOUTLR—| LOGIC
R3 — =
LINEAR REGULATOR ouTL
INTERNAL SOFT START
CONTROL VINL_UVLO—
R4 T
*$1: CLOSE, S2: OPEN FOR MAX17672 INN— +
*$1: OPEN, S2: CLOSE FOR MAX17670, MAX17671 —
R1 = 257.60KQ, R2 = 82.2KQ FOR MAX17670
R1 =432.43KQ, R2 = 82.2KQ FOR MAX17671

www.maximintegrated.com
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MAX17670, MAX17671,
MAX17672

Detailed Description

MAX17670, MAX17671, and MAX17672 are dual-output
regulators integrating a 4V to 60V, 150mA high voltage,
high efficiency synchronous step-down converter with
internal MOSFETs and a high PSRR, low noise, 2.35V
to 5V, 50mA linear regulator. MAX17670 and MAX17671
are the fixed 3.3V and 5V step-down converter output
voltage devices, respectively. MAX17672 is the adjustable
step-down converter output voltage (0.8V to 90%V|N)
device. All three devices feature internal compensation.
The feedback-voltage regulation accuracy over -40°C
to +125°C temperature range for the linear regulator is
+1.3% for 3.3V, 3.0V, 2.5V linear regulator outputs; +1.5%
for 1.8V, 1.5V, 1.2V linear regulator outputs; and, +2% for
the step-down converter.

The step-down converter uses an internally compensat-
ed, peak-current mode control architecture. On the rising
edge of the internal clock, the high-side p-MOSFET turns
on. An internal error amplifier compares the feedback volt-
age 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 volt-
age by a PWM comparator to set the on-time. During the
on-time of the p-MOSFET, the inductor current ramps up.
For the remainder of the switching period (off-time), the
p-MOSFET is kept off and the low-side n-MOSFET turns
on. During the off-time, the inductor releases the stored
energy as the inductor current ramps down, providing cur-
rent to the output.

The step-down converter has a 5.1ms fixed internal
soft-start to reduce the inrush currents. An EN/UVLO pin
allows the user to turn the device on/off at the desired
input-voltage level greater than 4V. An open-drain
RESET pin allows output-voltage monitoring.

Mode Selection and External Synchronization
(MODE/SYNC)

The device features a MODE/SYNC pin for selecting
either forced PWM or PFM mode of operation. If the
MODE/SYNC pin is grounded, the device operates in a
constant-frequency PWM mode at all loads. If the MODE/
SYNC pin is unconnected, the device operates in PFM
mode at light load. When a rising edge is detected at the
MODE/SYNC pin, the internal logic changes the mode
from PWM to PFM after 16 internal clock cycles. When

www.maximintegrated.com

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter

with 50mA Linear Regulator

a falling edge is detected, the change from PFM to PWM
mode is instantaneous.

PWM operation is useful in frequency-sensitive applica-
tions and provides fixed switching frequency at all loads.
However, PWM mode of operation gives lower efficiency
at light loads compared to PFM mode of operation.

PFM mode 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 (Ippm) of 92mA (typ) every clock cycle until the
output rises to 102% (typ) of the nominal voltage. Once
the output reaches 102% (typ) of the nominal voltage,
both high-side and low-side FETs are turned off and the
device enters hibernate operation until the load discharg-
es the output to 101% (typ) of the nominal voltage. Most
of the internal blocks are turned off in hibernate operation
to reduce quiescent current. After the output falls below
101% (typ) 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% (typ) of the
nominal output voltage. The advantage of PFM mode is
higher efficiency at light loads due to the lower quiescent
currents in PFM mode.

The device naturally exits PFM mode when the load cur-
rent demands inductor peak current above Ippy (92mA
typ). The device enters PFM mode when the load current
is less than half the peak-to-peak inductor ripple current.

The internal oscillator of the device can be synchro-
nized to an external clock signal on the MODE/SYNC
pin. The external synchronization clock frequency must
be between 1.1 x fgy and 1.4 x fgyw, where fgy is the
switching frequency programmed by the resistor connect-
ed to the RT pin. When an external clock is applied to the
MODE/SYNC pin, the internal clock synchronizes to the
external clock frequency (from original frequency based
on the RT pin setting) after 8 external pulses are detected
within 16 internal clock cycles. Mode of operation can
be reset with a V|N power cycle or EN/UVLO cycle. The
minimum external clock on-time and off-time pulse-widths
should be greater than 100ns. See the Mode Selection
and External Synchronization (MODE/SYNC) section in
the Electrical Characteristics table for details.
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MAX17670, MAX17671,
MAX17672

Linear Regulator Power-Supply Input (INL)

The INL pin can be tied to the step-down converter output
voltages up to 5V. Otherwise, INL should be connected
to GND.

The linear regulator operates from 2.35V to 5V input-
voltage range and the linear regulator is enabled when
V|NL is more than VINL_UVLO-

The INL pin also functions as bootstrap input to power up
the internal blocks. Switchover to bootstrap input occurs
when V|NL is above V|NL TH- This improves the overall
efficiency, since the internal blocks are being powered
from the step-down converter output which has the volt-
age less than the input voltage.

Enable/Undervoltage-Lockout Input
(EN/UVLO) and Soft-Start

When EN/UVLO voltage increases above VENR (1.215V
typ), the device initiates a built-in 5.1ms (typ) soft-start
period after an internal delay of 400us (t1), allowing a
monotonic increase of the output voltage to the final set
value.

EN/UVLO can be used as an input-voltage UVLO adjust-
ment input, to set the turn-on/off input-voltage level. The
allowed minimum turn-on/off input voltage is 4V. See the
Setting the Input Undervoltage-Lockout Level section
for details. Driving EN/UVLO low disables both power
MOSFETSs, as well as other internal circuitry, and reduces
quiescent current to around 2.5pA. If the EN/UVLO pin is
driven from an external signal source, a series resistance
of 1kQ (min) is recommended to be placed between
the output of the signal source and the EN/UVLO pin to
reduce voltage ringing on the line.

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter

with 50mA Linear Regulator

Startup Into a Prebiased Step-Down Convert-
er Output

The device supports monotonic startup into a prebiased
step-down converter output. When the device starts into a
prebiased output, both the high-side and low-side switch-
es are turned off so that the converter does not sink cur-
rent from the output. High-side and low-side switches do
not start switching until the PWM comparator commands
the first PWM pulse, at which switching commences. The
output voltage is then smoothly ramped up to the target
value in alignment with the internal reference. Such a
feature is useful in applications where digital integrated
circuits with multiple rails are powered.

Reset Output (RESET)

The device includes an open-drain RESET output to
monitor step-down converter output voltage and linear
regulator output voltage. The RESET pin should be
pulled up with an external resistor to the desired external
power supply.

RESET goes to high impedance 2.1ms after both step-
down converter and linear regulator outputs rise above
95% of their nominal set value, if VN is above VINL uvLO-
Otherwise, RESET only considers step-down converter
output voltage for its high impedance state.

RESET pulls low after 4us (tp) if one of the either output
voltages fall below 92% of their set value. RESET is
also driven low when EN/UVLO voltage falls below its
threshold value. Figure 1 shows the RESET output timing
diagram.

EN/UVLXENR}’ \VEne
o
t1
Voki \VOKF —
*a
VINL = VouT ye \—/—
SS1
H —
VoutL {
tss2
RESET i
= > g > & >&
tD t2 D t2 t2

*a: VoutL IS POWERED UP WHEN INL IS CONNECTED TO VouT AND VINL REACHES VINL_uvLo

Figure 1. RESET Output Logic Diagram when INL is Connected to the Step-Down Converter Output

www.maximintegrated.com
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MAX17670, MAX17671,
MAX17672

Switching Frequency (RT)

Switching frequency of the device can be programmed
from 200kHz to 2.2MHz by using a resistor connected
from RT to GND. The switching frequency (fsyy) is related
to the resistor (RrT) connected at the RT pin by the fol-
lowing equation:

500
N
16 ) o5
tsy —0.045)
1

tSW = f_
SW

Where RRrT is in kQ and tgyy is in ps. Leave the RT pin
unconnected for the default 600kHz switching frequency.
The value of RRrT in the range of 165kQ (308kHz) and
248kQ (215kHz) is not allowed for user programming to
ensure proper configuration of the internal adaptive-loop
compensation scheme. The maximum allowable switch-
ing frequency for PFM mode of operation is 900kHz.

Operating Input-Voltage Range

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

Vout * (loutmax) * (Rpcrvax) * Rps-oNLMAX) ))
1-torr MIN(MAX) * fsw(max)
+ (lout(Max) * (Rps-oNH(MAX) — Rps — oNLmax) )

ViINMIN =

Vour
fswmax) X toN_MIN(MAX)

Vinmax) =

where:
VouT = Steady-state output voltage,

www.maximintegrated.com

Integrated 4V-60V, 150mA, High-Efficiency,
Synchronous Step-Down DC-DC Converter

with 50mA Linear Regulator

louT(MAX) = Maximum load current,

RpcRr(MAx) = Maximum DC resistance of the inductor,
fswvax) = Maximum switching frequency,
toFF_MIN(MAX) = Worst case minimum switch off-time (75ns),
toN_MIN(MAX) = Worst-case minimum switch on-time (128ns),

Rps-oNL(MAX) and Rps-ONH(MAX) = Maximum on-state
resistances of the low-side and high-side MOSFETSs,

respectively.

Overcurrent Protection

The device implements a hysteretic peak current-limit
protection scheme to protect the internal FETs and induc-
tor under output short-circuit conditions. When the induc-
tor peak current exceeds lpgak-LimiT (0.295A typ), the
high-side switch is turned off and the low-side switch is
turned on to reduce the inductor current. After the current
is reduced to 150mA (typ), the high-side switch is turned
on at the rising edge of the next clock pulse. The device
enters hiccup mode if the inductor current hits Ipgak-
LimiT for 16 consecutive times. After the hiccup time-out
period, the device auto retries to startup and the same
operation continues until the short is removed and the
inductor peak current goes below Ipgak-LimIT- Since the
inductor current is bounded between the two values, the
inductor current runaway never happens in this scheme.

Low Side-Switch Protection

Hysteretic-sink current limit controls the low-side switch
sink current to Igink-LiMiIT (105mA typ) with a ripple of
50mA.

Thermal-Shutdown Protection

Thermal-shutdown protection limits the junction tem-
perature in the IC. This feature is present in PWM mode.
When the junction temperature exceeds +160°C, an on-
chip thermal sensor shuts down the device, turns off the
internal power MOSFETs and the linear regulator, allow-
ing the device to cool down. The device turns on with
soft-start after the junction temperature reduced by 20°C.
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MAX17670, MAX17671,
MAX17672

Applications Information

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
switching frequency and output voltage determine the
inductor value as follows:

_ 8150x Vour
fsw

L

where:
L = Inductance in pH,

VouTt = Output voltage
fsw = Switching frequency in kHz

Select a low-loss inductor closest to the calculated value
with acceptable dimensions and having the lowest pos-
sible DC resistance. The saturation current rating (IsaT) of
the inductor must be high enough to ensure that saturation
can occur only above the peak current-limit (IpgaAK-LIMIT)-

Input Capacitor Selection

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 * (ViNn = Vour)
VIN

Irms = louT(max) X\/

where, louT(mAX) is the maximum load current. IRpms has
a maximum value when the input voltage equals twice
the output voltage (VIN = 2 x VouT), SO IRMS(MAX) =
louT(mAx)/1.414. Choose an input capacitor that exhibits
less than +10°C temperature rise at the RMS input cur-
rent for optimal long-term reliability. Use low-ESR ceramic
capacitors with high ripple-current capability at the input.
X7R capacitors are recommended in industrial applica-
tions for their temperature stability. Calculate the input
capacitance using the following equation:

_lout(max) x Dx(1-D)

CiN
nxfgw xAV|N

where:
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D = VouT/VIN is the duty ratio of the controller,

fsw = Switching frequency,

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
paralleltothe ceramiccapacitorto provide necessary damp-

ing for potential oscillations caused by the inductance of the
longer input power path and input ceramic capacitor.

Output Capacitor Selection for Step-Down
Converter

XT7R ceramic output capacitors are recommended for the
device due to their stability over the temperature in indus-
trial applications. The output capacitor has two functions.
It stores sufficient energy to support the output voltage
under load transient conditions and stabilizes the device’s
internal control loop. The output capacitor is sized to sup-
port a step load of 50mA such that the output-voltage
deviation is less than 3%. The minimum required output
capacitance can be calculated as shown in Table 1.

It should be noted that dielectric materials used in ceramic
capacitors exhibit capacitance loss due to DC bias levels.
It should be that the derated value of the selected capaci-
tance meets the minimum required output capacitance.

Linear Regulator Output Capacitor Selection

For stable operation over the full temperature range, use
a low-ESR 2.2uF X7R ceramic capacitor at the OUTL pin.
Ceramic capacitors exhibit capacitance and ESR varia-
tions over temperature. Ensure that the minimum capaci-
tance under worst-case conditions does not drop below
1uF for linear regulator output stability.

Table 1. Output Capacitor Selection

FREQUENCY RANGE MINIMUM OUTPUT
(KHZ) CAPACITANCE (uF)
20
200 to 215
Vour
13
308 to 2200
Vour
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MAX17670, MAX17671,
MAX17672

Setting the Input Undervoltage-Lockout Level

The device offers an adjustable input undervoltage-lock-
out level. Set the voltage at which the device turns on with
a resistive voltage-divider connected from IN to GND (see
Figure 2). Connect the center node of the divider to EN/
UVLO. Choose R1 to be 3.3MQ (max) and then calculate
R2 as follows:

R1x1.215

R2= —
(VINU —1.215)

where V|Ny is the voltage greater than 4V above which
the device is required to turn on.

Adjusting the Output Voltage

For MAX17670 and MAX17671, connect FBBUCK directly
to the output node of the step-down converter. The output
voltage of MAX17672 can be programmed from 0.8V to
0.9 x V|N- Set the output voltage by connecting a resistor
divider from output node to FBBUCK to GND (see Figure 3).
Choose R2 less than or equal to 100kQ and calculate R1
with the following equation:

Vv
R1= R2x| QYT _4
0.8

VIN IN
MAX17670
R1 MAX17671
MAX17672
EN/UVLO
R2
GND —

Figure 2. Adjustable EN/UVLO Network

Vout

MAX17672 R

FBBUCK

R2
GND

Figure 3. Setting the Output Voltage

www.maximintegrated.com
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Linear Regulator Output Voltage Options

3.3V (MAX17671 and MAX17672 only), 3.0V, 2.5V, 1.8V,
1.5V, and 1.2V linear regulator output voltage options are
supported. See Ordering Information for details.

Power Dissipation

At a particular operating condition, the power losses that
lead to the temperature rise of the device are estimated
as follows:

PLoss = Psuck +PLbo
1 2
Peuck :(VOUT xlouT X&—qj—('om x RDCR)

PLpo = (VINL — VouTL ) xlouTL

where:

VouT = Step-down converter output voltage,

loyT = Step-down converter load current,

n = Efficiency of step-down converter power conversion,
V|NL = LDO-input voltage,

VouTL = LDO-output voltage,

louTL = LDO load current

RpcRr = DC resistance of the output inductor.

See the Typical Operating Characteristics for the
power-conversion efficiency or measure the efficiency
to determine the total power dissipation. For a typical
multi-layer board, the thermal performance metrics for the
package are given below:

8ya = 41°C/W
0)c =9°C/W
The junction temperature (T,) of the device can be esti-

mated at any ambient temperature (Tp) from the following
equation:

Ty=Ta+(6yc X PLOSS)
If the application has a thermal-management system that
ensures that the exposed pad of the device is maintained
at a given temperature (TEp(MAX)) by using proper heat
sinks, then the junction temperature of the device can be
estimated at any given maximum ambient temperature as

TyMAX) = TEP(MAX) * (BJC X PLOSS)
Note: Junction Temperature greater than +125°C degrades
operating lifetimes
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MAX17670, MAX17671, Integrated 4V-60V, 150mA, High-Efficiency,
MAX17672 Synchronous Step-Down DC-DC Converter

PCB Layout Guidelines

Careful PCB layout is critical to achieve clean and stable
operation. The switching power stage requires particular
attention.

The following are the guidelines for a good PCB layout:

e Place the input ceramic capacitor as close as
possible to the IN and GND pins

e Minimize the area formed by the LX pin and inductor
connection to reduce the radiated EMI

e Ensure that all feedback connections are short and
direct

Typical Application Circuits
MAX17671 High-Efficiency 5V Output

with 50mA Linear Regulator

Route the high-speed switching node (LX) away from
the signal pins

Place the linear regulator output capacitor close to
the OUTL pin

A number of thermal throughputs that connect to a
large ground plane should be provided under the
exposed pad of the device for efficient heat
dissipation.

For a sample layout that ensures first pass success, refer
to the MAX17670, MAX17671 and MAX17672 evaluation
kit PCB layout available at www.maximintegrated.com.

b 2
6.5V TO 60V
IN LX y -/ OUT
3 5V, 100mA
10uF
EN/UVLO
GND
MAX17671F —
33V,50mA =
ouTL FBBUCK
2
2.2uF e
L | mopeisyne  RESET [—®
INL
R1 RT EP
274kQ
— L1: LPS6235-224MR
— C1: 1.0uF/X7R100V/1206
MODE/SYNC: C2 : 2.2uF/X7R10V/0603 (GRM188R71A225KE15)
CONNECT TO GND FOR PWM MODE ~ C3 : 10uF/X7R/25V/0805 (GRM21BZ71E106KE15)
UNCONNECTED FOR PFM MODE fsw : 200kHz

Figure 4. Fixed 5V Step-Down Converter Output at 200kHz Switching Frequency and 3.3V Linear Regulator Output
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MAX17672 Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Typical Application Circuits (continued)

MAX17670 High-Efficiency 3.3V Output

Vi 15IEJ1pH
4570 60V
IN LX -/ OUT
3 3.3V, 130mA
104F
ENJUVLO
GND
MAX17670E —
3V, 20mA =
s oUTL FBBUCK
c2
220F ——
L __Iwmope/gyne  RESET —
~i | RT e INL
274k0%
J_— L1: LPS6235-154MR
— = C1:1.0uF/X7RA00V/1206
MODE/SYNC: C2 : 2.2uF/X7RH0VI0603 (GRM188R71A225KE15)
CONNECT TO GND FOR PWM MODE  C3 : 10uF/X7R/10V/0805 (GRM21BR71A106KAT3)
UNCONNECTED FOR PFM MODE fsw : 200kHz

Figure 5. Fixed 3.3V Step-Down Converter Output at 200kHz Switching Frequency and 3.0V Linear Regulator Output

MAX17671 Small-Footprint 5V Output

s
6.5V TO 60V
N X 5VV1OOL:)T A
c3 o
4.7uF
EN/UVLO
GND
MAX17671F =
OouTL FBBUCK
C2
2.24F rEsET
—— — MODE/SYNC RESET
] INL
RT EP
— L1: LPS3015-683MR
C1: 1.0pF/X7R/100V/1206
MODE/SYNC: C2: 2.2uF/X7R/10V/0603 (GRM188R71A225KE 15)
CONNECT TO GND FOR PWM MODE  C3 : 4.7uF/X7R/16V/0603 (GRM188Z71C475KE21)
UNCONNECTED FOR PFM MODE fow : 600kHz

Figure 6. Fixed 5.0V Step-Down Converter Output at 600kHz Switching Frequency and 3.3V Linear Regulator Output
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MAX17670, MAX17671, Integrated 4V-60V, 150mA, High-Efficiency,
MAX17672 Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Typical Application Circuits (continued)

MAX17670 Small-Footprint 3.3V Output

VIN 47LJH
45V TO 42V
IN LX y 3/ OUT
3 3.3V, 130mA
4.TuF
EN/UVLO
GND
MAX17670E =
OUTL FBBUCK
c2
2.20F RESET L
L ] MODE/SYNC RESET
—1RT Ep INL
J_T L1: LPS3015-473MR
C1: 1.0pF/X7RA00V/1206
MODE/SYNC: C2 : 2.2uF/X7RA0V/0603 (GRM188R71A225KE15)
CONNECT TO GND FOR PWMMODE ~ C3 : 4.7uF/X7R/16V/0603 (GRM188Z71C475KE21)
UNCONNECTED FOR PFM MODE fsw : 600KHz

Figure 7. Fixed 3.3V Step-Down Converter Output at 600kHz Switching Frequency and 3.0V Linear Regulator Output

MAX17672 Small-Footprint 5V Output

seu
6.5V TO 60V
N X \/ouT
5V, 100mA
EN/UVLO
GND
MAX17672C
261kQ
OuTL FBBUCK
C2 49.9kQ
2.2uF RESET >
—— —— MODE/SYNC RESET ——
—RT Ep INL —» Vout
JT_ L1: LPS3015-683MR
C1: 1.0uF/X7R/100V/1206
MODE/SYNC: C2: 2.2uF/X7R/10V/0603 (GRM188R71A225KE 15)
CONNECT TO GND FOR PWM MODE ~ C3: 4.7uF/X7R/16V/0603 (GRM188Z71C475KE21)
UNCONNECTED FOR PFM MODE fsw : 600kHz

Figure 8. Adjustable 5.0V Step-Down Converter Output at 600kHz Switching Frequency and 1.8V Linear Regulator Output

www.maximintegrated.com Maxim Integrated | 23



MAX17670, MAX17671, Integrated 4V-60V, 150mA, High-Efficiency,
MAX17672 Synchronous Step-Down DC-DC Converter
with 50mA Linear Regulator

Ordering Information

PART NUMBER Bygggg;w; LINEAR 5%?_?&2;?5)0UTPUT PIN PACKAGE
MAX17670AATB+* 3.3 1.2 10-Pin TDFN
MAX17670BATB+* 3.3 1.5 10-Pin TDFN
MAX17670CATB+* 3.3 1.8 10-Pin TDFN
MAX17670DATB+* 3.3 2.5 10-Pin TDFN
MAX17670EATB+* 3.3 3.0 10-Pin TDFN
MAX17671AATB+* 5 1.2 10-Pin TDFN
MAX17671BATB+* 5 1.5 10-Pin TDFN
MAX17671CATB+* 5 1.8 10-Pin TDFN
MAX17671DATB+* 5 2.5 10-Pin TDFN
MAX17671EATB+* 5 3.0 10-Pin TDFN
MAX17671FATB+ 5 3.3 10-Pin TDFN
MAX17672AATB+* Adjustable 1.2 10-Pin TDFN
MAX17672BATB+* Adjustable 1.5 10-Pin TDFN
MAX17672CATB+* Adjustable 1.8 10-Pin TDFN
MAX17672DATB+* Adjustable 2.5 10-Pin TDFN
MAX17672EATB+* Adjustable 3.0 10-Pin TDFN
MAX17672FATB+* Adjustable 3.3 10-Pin TDFN

*Future product—contact factory for availability.
+Denotes a lead(Pb)-free/RoHS compliant package.
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MAX17672 Synchronous Step-Down DC-DC Converter
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 6/18 Initial release —

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642, or visit Maxim Integrated’s website at www.maximintegrated.com.

Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent licenses
are implied. Maxim Integrated reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max limits)
shown in the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.
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