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MAXM17710-MAXM17726

Integrated 4V-60V, 150mA, Himalaya uSLIC

Power Module DC-DC Converter with 50mA

General Description

The Himalaya series of voltage-regulator ICs and power
modules enable cooler, smaller, and simpler power-supply
solutions. The MAXM17710-MAXM17726 family of dual-
output regulators integrate a high efficiency 150mA syn-
chronous step-down DC-DC converter and a high power-
supply rejection ratio (PSRR), low noise, 50mA linear reg-
ulator into uSLIC™ power modules. The modules operate
from a wide input voltage range of 4V to 60V. The step-
down converter and linear regulator can deliver output
currents up to 150mA and 50mA, respectively.
MAXM17710-MAXM17714 modules offer fixed 3.3V out-
put from the DC-DC converter. MAXM17715-MAXM17720
modules offer fixed 5V output from the DC-DC converter.
MAXM17721-MAXM17726 modules offer adjustable out-
put voltage from the DC-DC converter. The output of the
DC-DC converter serves as the input to the linear regu-
lator. The linear regulators offer fixed output voltages be-
tween 1.2V and 3.3V in different modules. Refer to the
Ordering Information for a complete list of part numbers.
The modules significantly reduce design complexity, man-
ufacturing risks and offer a true plug-and-play power sup-
ply solution, reducing time to market.

The modules employ peak current mode control architec-
ture for step-down converters. To reduce input inrush cur-
rent, the modules offer a fixed soft-start of 5.1ms (typ) for
the step-down converter and 1.1ms (typ) for the linear reg-
ulator.

The modules are available in a low profile, compact 10-pin
(2.6mm x 3mm x 1.5mm) uSLIC package.

Applications

e Industrial Sensors
Programmable Logic Controller
Battery-Powered Equipment
HVAC and Building Control
LDO Replacement

Ordering Information appears at end of datasheet.

Linear Regulator

Benefits and Features
Easy to Use

Wide 4V to 60V Input Step-Down Converter
Adjustable and Fixed Output Voltage Modules
Internal Inductor and Compensation

Up to 150mA Output Current from a Step-Down
Converter

11.3% Accuracy for Linear Regulator Output and
1+2% FB Accuracy for Step-Down Converter

All Ceramic Capacitors, Compact Layout

Built-In 50mA High-PSRR Linear Voltage Regulator
with Different Output Voltage Options

High Efficiency

Selectable PWM or PFM Mode Operation
PFM Enables Enhanced Light Load Efficiency
2.5uA Shutdown Current

70uA No-Load Supply Current

Flexible Design

Internal Soft-Start and Prebias Startup

350kHz to 2.2MHz Adjustable Switching Frequency
with External Synchronization for Step-Down
Converters

Open-Drain Power-Good Output (RESET Pin)
Programmable EN/UVLO Threshold

Robust Operation

Hiccup Overcurrent Protection

Overtemperature Protection

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

Rugged

Complies with CISPR22(EN55022) Class B
Conducted and Radiated Emissions

Passes Drop, Shock, and Vibration Standards:
JESD22-B103, B104, B111
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Typical Application Circuit

VIN
8.4V TO 60V v
IN ouTB 0 N
3 5.0V )
10uF UP TO 150mA
EN/UVLO
GND
MAXM17720 =
— FB
VoutL
— MODE/
SYNC ouTL 3.3V, 50mA
c2
RS RT RESET ——» 22uF
78.7k(:{ =

L C1: 1.0uF/X7R/100V/1206 (HMK316B7105KL)
MODE/SYNC: — C2: 2.2uF/X7R/10V/0603 (GRM188R71A225KE15)
CONNECT TO GND FOR PWM MODE ~ C3: 10pF/X7R/10V/0603 (GRM188Z71A106KA73)
UNCONNECTED FOR PFM MODE fsw : 570kHz
*Total output current limited to 150mA
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Absolute Maximum Ratings

INTO GND ..o -0.3V to +70V FB to GND (adjustable buck output parts)................ -0.3V to +6V
LX1TO GND ..o -0.3V to IN+0.3V Output Short-Circuit Duration............cccccoeeieiicenneene

EN/UVLO t0 GND.....ccoiiiiiiiiiciceiceeeee -0.3V to IN+0.3V Junction Temperature (Note 1)............

RT, OUTL, MODE/SYNC, RESET to GND .............. -0.3V to +6V Storage Temperature Range................

OUTB to GND.........c.cceveeeen. -5.5V to lower of (V|N+0.6V) or +6V Lead Temperature (soldering, 10s)

FB to GND (fixed buck output parts) ..........cccceceeuee. -5.5V to +6V Soldering Temperature (reflow) ...........ccccocvviniiicnennene

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 TYPE: 10-PIN uSLIC

Package Code M102A3+3
Outline Number 21-100094
Land Pattern Number 90-100027
Thermal Resistance, Four-Layer Board (Note 2)

Junction-to-Ambient (64) 45°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.

Note 2: Package thermal resistances is measured on an evaluation board with natural convection.

Electrical Characteristics

(VIN = VENJUVLO = 24V, VouyTB = 3.3V for MAXM17710-MAXM17714 and 5V for MAXM17715-MAXM17726, Vg = 1.05 X VFB-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 3)

PARAMETER | SYMBOL | CONDITIONS | MmN TYP  MAX | UNITS
INPUT SUPPLY (IN)
Input Voltage Range VIN 4 60 Vv
Input Shutdown Current IIN_SH VEN/UVLO = 0V, Tp = +25°C 25 4.5 pA
lo_PFm 70
Input Quiescent Current ViR = 0.95 x VEg Reg, Normal switching MA
la_PWM | node, VouTg > 2.5V 1000
ENABLE/UVLO (EN/UVLO)
Vv VEN risin 1.19 1.215 1.24
EN Threshold ENR EN 1S9 v
VENF VN falling 1.068 1.09 1.112
EN Input Leakage
Curregt 9 IENLKG VEN = 1.3V, T = 25°C -100 +100 nA
BIAS From OUTB
OUTB Switchover .
Voltage VouTB_TH OUTB rising 2.725 3 3.21 V
OUTB Switchover
Hysteresis VouTs_Hys 0.17 v
www.analog.com Analog Devices | 3
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Electrical Characteristics (continued)

(VIN = VEN/UVLO = 24V, VouTB = 3.3V for MAXM17710-MAXM17714 and 5V for MAXM17715-MAXM17726, Vgg = 1.05 X VEB-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 3)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
SOFT-START
Soft-Start Time |t | | 44 5.1 58 | ms
STEP-DOWN CONVERTER FEEDBACK (FB)
MODE/SYNC = GND, PWM Mode,
MAXM17710-MAXM17714 3.216 33 3.365
MODE/SYNC = Unconnected, PFM
Mode, MAXM17710-MAXM17714 3216 335 3425
MODE/SYNC = GND, PWM Mode,
, MAXMA17715-MAXM17720 4.887 S 5.087
FB Regulation Voltage VEB-REG \%
MODE/SYNC = Unconnected, PFM 4.887 5075 5188
Mode, MAXM17715-MAXM17720 ’ ’ ’
MODE/SYNC = GND, PWM Mode,
MAXM17721-MAXM17726 0.782 0.8 0.814
MODE/SYNC = Unconnected, PFM
Mode, MAXM17721-MAXM17726 0.782 0.812 0.830
Fixed buck output voltage parts 10 A
FB Input Bias Current | i
p FB f\djuostable buck output voltage parts, Ta 100 +100 nA
=25°C
OSCILLATOR (RT)
Switching Frequiency fow = 350kHz to 2.2MHz 1 +11 %
ccuracy
Switching Frequency fsw 536 610 680 kHz
Switching Frequency
Adjustable Range 350 2200 kHz
TIMING
Minimum On-Time toN MIN 75 128 ns
Minimum Off-Time toFF_MIN 40 55 80 ns
Minimum Off-Time t
during SYNC Mode of OFF_MIN(SYN 48 75 100 ns
Operation )
HICCUP Timeout 51 ms
MODE/SYNC
MODE/SYNC Internal R Mode = PFM 32 kQ
Pullup Resistor MODE Mode = PWM 1100
1.1x 1.4 x
SYNC Input Frequenc
P quency fsw fsw
Minimum SYNC Pulse 100 ns
Width
ViH 21
SYNC Threshold V
VIL 0.8
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Electrical Characteristics (continued)

(VIN = VEN/UVLO = 24V, VouTB = 3.3V for MAXM17710-MAXM17714 and 5V for MAXM17715-MAXM17726, Vgg = 1.05 X VEB-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 3)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
RESET
fESET Output Level IRESET = 10mA 400 mv
ow
RESET Output Leakage _ o _
Current Ta =+25°C, VRESET = 5.5V -100 100 nA
Maximum Sink Current
into RESET 10 mA
FB Threshold for .
RESET Rising VEBR FB rising 92 95 98 %
FB Threshold for . o
RESET Falling VEBE FB falling 89 92 95 %o
OUTL Threshold for - o
RESET Rising VOUTLR OUTL rising 91.5 94.5 97.5 %o
OUTL Threshold for . 0
RESET Falling VOUTLE OUTL falling 88 91 94 %o
RESET Delay After FB
and VOUTL Reach 95% tp 21 ms
Regulation
LINEAR REGULATOR INPUT SUPPLY
Linear Regulator Input
Voltage Range Vouts 235 s v
Linear Regulator UVLO VouTB_UVLO 2.1 2.18 2.25 Vv
Linear Rggulator UVLO | VouTB_UvLO( 50 mv
Hysteresis HYS)
LINEAR REGULATOR OUTPUT VOLTAGE (OUTL)
I =10mA, V =1.2V,1.5V,1.8V -1.5 +1.5
OUTL Accuracy OUTL ouTL %
louTL = 10mA, VoyTL= 2.5V, 3.0V, 3.3V -1.33 +1.33
Load Regulation 0.1mA <lpgyTL < 50mA 0.5 0.9 %
VouTs = 100% of nominal value of
Dropout Voltage Vpo VouTL 200 450 mV
louTL = 50mA (Note 4)
Linear Regulator
Current Limit ILoo-Lim 55 84 mA
Soft-Start Time tss2 11 ms
THERMAL SHUTDOWN
Thermal-Shutdown - R
Threshold Temperature rising 160 C
ThermaI-Shutdown 20 °c
Hysteresis

Note 3: All the Electrical Specifications are 100% production tested at Tp = +25°C. Specifications over the operating temperature
range and relevant supply voltage range are guaranteed by design and characterization.

Note 4: Applicable for linear regulators with nominal output voltages of 2.5V, 3.0V, and 3.3V.
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Typical Operating Characteristics

(VIN = VEN/UVLO = 24V, VgnD = 0V, 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. The circuit values for different output voltage applications are as in Table 1, unless
otherwise noted.)

MAXWM17721-MAXM17726 MAXM17710-MAXM17714, MAXM17721-MAXN17726 MAXM17715-MAXM17720, MAXM17721-MAXM17726
EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
toc01
100 : 100 toc02 100 o)
90 — 90 90 ?
80 - — —
— 80 80
0 ‘X//\ K — o XA — % I/Y/)/ ¥
£ w i/ ec X g o WA \ g o AT \ \
>
2 50 § 50 A( \ \ \ g 50 A( \_ Vi = 48V \
& / >( & / Viy= 12V Viy =48V \ i} \ Vin=12v N \
g Vo 6oV £ o V \ £ O vaeear [ ez T vemsov ]
w3 Vi= 45V V"N =2V N W30 W V=55V - V= 24V —- Vi = 60V — Yo Ul !
20 Vin=12V V=48V ____| 20 20
10 10 ’ 10 ’
0 0 0
0 50 100 150 0 50 100 150 0 50 100 150
LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (mA)
CONDITIONS: PWM MODE, Voyrg = 2.5V, fay = 350kHz CONDITIONS: PWM MODE, Voyrg = 3.3V, fsy = 375kHz CONDITIONS: PWM MODE, Voyrg = 5V, faw = 570kHz
MAXM17721-MAXM17726 MAXM17710-MAXM17714, MAXM17721-MAXM17726 MAXM17715-MAXM17720, MAXM17721-MAXM17726
EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
100 focd: 100 oot 100 by
90 1 90 = 90
™ = o —t
sl Y| 80 |_== Lt ™~
:2 prd L 70 R ey » = i
g g = B g = g My
> oA LT oS S e (I =y S o A\
o 60 7 [5) 60 A G 60
|
i A A & A1 z .\ A
2 50 | 5 g ¥ 7 c %
2 e .7 \ £
40 /1 Yl w40 w40
w / \/ // \ wi // \ i 7 \ \_
30 A 30 B \ V=12V V=48V 30 \ Viy=12V | ViN=48V
2 A v,N=12vjVVwN=43V 2 b AL LT T 20 AR \ _
7RIy [ o | V=5 V=24V V=60V Viy= 8.4V Vi = 24V Vi = 60V
O T T AR A T
0 [ LI LU 0 0
1 10 100 1 10 100 1 10 100
LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (mA)
CONDITIONS: PFM MODE, Voyrg = 2.5V, fgy = 350kHz CONDITIONS: PFM MODE, Voy7g = 3.3V, fiy = 375kHz CONDITIONS: PFM MODE, Vyrs = 5V, fgw = 570kHz
MAXM17721-MAXM17726 MAXM17710-MAXM17714, MAXM17721-MAXM17726 MAXM17715-MAXM17720, MAXM17721-MAXM17726
OUTPUT VOLTAGE vs. LOAD CURRENT OUTPUT VOLTAGE vs. LOAD CURRENT OUTPUT VOLTAGE vs. LOAD CURRENT
2,544 = 3286 oy 4.960 i
- 2541 P———— — 3.285 4.959
< /\/ T ~—— = = A
Q I ~— W R
= i Q & ] e
a . = &'\ = Y
o 253 5 3284 |y 55y = 5 4958 e
z \ S N=5 = 3 M
2 7\ = Vi =12V NN E —
'g Viy=4.5V Vin =‘24v & Vo= 24V %} g Viy =84V VN =24V \\
2535 1 \ Vi 60V 3 328 NZS 3 4957 | ‘ L
V=12V V=48V Vin=48Y V=12V V=48V a
‘ V=60V | Vi =60V
2532 3.282 | 4956 ‘
0 50 100 150 0 50 100 150 0 50 100 150
LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (mA)
CONDITIONS: PWM MODE, Voyrg = 2.5V, fgy = 350kHz CONDITIONS: PWM MODE, Voyrg = 3.3V, fgy = 375kHz CONDITIONS: PWM MODE, Vourg = 5V, fgw = 570kHz
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MAXM17710-MAXM17726

Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA

Typical Operating Characteristics (continued)
(VIN = VEN/UVLO = 24V, VgnD = 0V, 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. The circuit values for different output voltage applications are as in Table 1, unless
otherwise noted.)

MAXM17721-MAXM17726

OUTPUT VOLTAGE vs. LOAD CURRENT

toc10

2.62 T
V,N‘= 24V
260 Viy= 12V
u>T — V=45V
Q258 |
= Viy= 48V
IS I
§ 256 Vin =60V
5 V/
°
2.54 —
2.52
0 50 100 150
LOAD CURRENT (mA)
CONDITIONS: PFM MODE, Vourg = 2.5V, fy = 350kHz
MAXM17721-MAXM17726
OUTPUT VOLTAGE RIPPLE
toc13
U
VouTs (ac) #\JAVAV VAVM\V/M\/ 10mVidiv
2ps/div
CONDITIONS: PWM MODE, Voyrg = 2.5V,
loua = 150mA, fsyy = 350kHz
MAXM17721-MAXM17726
LOAD TRANSIENT RESPONSE
toc16.
Vouts (ac) W 100mV/div

-

louts

CONDITIONS: PFM MODE, Vg = 25V, fay = 350kHz,

100psfdiv

LOAD STEP BETWEEN 5mA TO 75mA

www.analog.com
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100mA/div

OUTPUT VOLTAGE (V)

Vours e [N/ N f VAL f

Vouts (ac)

MAXM17710-MAXM17714, MAXM17721-MAXM17726

OUTPUT VOLTAGE vs. LOAD CURRENT

339 | ‘ toct
V=24V
337 m | |
/lvw=5.5‘3v
334 Y/ V=12V —
]
332 I VIN=4?V _
Vi =60V
329 -
' L\
327
0 50 100 150
LOAD CURRENT (mA)

CONDITIONS: PFM MODE, Vours = 3.3V, fgyy = 375kHz

MAXM17710-MAXM17714, MAXM17721-MAXM17726
OUTPUT VOLTAGE RIPPLE

toct

U

7 410mVi/div

2ps/div
CONDITIONS: PWM MODE, Voyrg = 3.3V,
louTs = 150mA, fgy = 375kHz

MAXM17721-MAXM17726
LOAD TRANSIENT RESPONSE

toct

4

v
]
[

louts 100mA/div

100ps/div

CONDITIONS: PWM MODE, Voyrg = 2.5V, foy = 350kHz
LOAD STEP BETWEEN 75mA TO 150mA

OUTPUT VOLTAGE (V)

VouTs (ac)

(\100mV/div Vours o)

Linear Regulator

MAXM17715-MAXM17720, MAXM17721-MAXM17726
OUTPUT VOLTAGE vs. LOAD CURRENT

toc12

514
5.10 L Vy=12v ]
iﬁl L—] |
| V=84V
500 v, ‘24v
- VINT
1 |
5.02 V=48V |
\ \/ \
L V=60V
4.98 . N
494
0 50 100 150

LOAD CURRENT (mA)
CONDITIONS: PFM MODE, Vg = 5V, fgyy = 570kHz

MAXM17715-MAXM17720, MAXM17721-MAXM17726
OUTPUT VOLTAGE RIPPLE

toc1S

v

e

2ps/div
CONDITIONS: PWM MODE, Voyrg =5V,
louTs = 150mA, fgy = 570kHz

MAXM17710-MAXM17714, MAXM17721-MAXM17726
LOAD TRANSIENT RESPONSE

toct

100mV/div

d
louts Vommesmae| 100MA/div

100ps/div

CONDITIONS: PFM MODE, Voyrg = 3.3V, fsyy = 375kHz
LOAD STEP BETWEEN 5mA TO 75mA
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MAXM17710-MAXM17726

Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA

Typical Operating Characteristics (continued)

(VIN = VEN/UVLO = 24V, VgnD = 0V, 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. The circuit values for different output voltage applications are as in Table 1, unless

otherwise noted.)

MAXM17710-MAXM17714, MAXM17721 -MAXM17726
LOAD TRANSIENT RESPONSE

toct

_—(\ 100mV/div

Vouts (AC) V

louts 100mA/div

100ps/div

CONDITIONS: PWM MODE, Voyrg = 3.3V, fw = 375kHz
LOAD STEP BETWEEN 75mA TO 150mA

MAXM17724
STARTUP THROUGH ENABLE
10c22
v
5Vidiv
Ao
Venuvio —-—J 2viav

e

Vouts

1ms/div
CONDITIONS: PWM MODE, Voyrg = 5V, VoutL= 2.5V,
louts = 100mA, loyT= 50mA, fg = 570kHz

MAXM17724
STARTUP THROUGH ENABLE (1.5V PREBIAS)
toc25
5V/div
2Vidiv
Venuvio /
Vours
20V/div

2ms/div
CONDITIONS: PFM MODE, Vo1 =5V, Vour, = 2.5V,
NO LOAD, fgyy = 570kHz

www.analog.com
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MAXM17715-MAXM17720, MAXM17721-MAXM17726
LOAD TRANSIENT RESPONSE

toc2l

U

Vouts (Ac) 100mV/div

——

louts mie] 100MA/div

100ps/div

CONDITIONS: PFM MODE, Vg = 5V, fgy = 570kHz
LOAD STEP BETWEEN 5mA to 75mA

MAXM17724
SHUTDOWN THROUGH ENABLE

t0c23

|1}
-_——T ] ;
Venuvio 5Vidiv
Vouts \s_.._......._... 2Vidiv
LX ! 20V/div

1ms/div

CONDITIONS: PWM MODE, Vours = 5V, Vour = 25V,
louts = 100mA, lour.= 50mA, fgy = 570kHz

MAXM17712
STARTUP THROUGH ENABLE

1oc26

. |
Venuvio
/——— 2V/div

5Vidiv

Vouts

1ms/div

CONDITIONS: PWM MODE, Vourg = 3.3V, Vour = 1.8V,
louTa = 100mA, loyt. = 50mA, fey, = 375kHz

VenuvLo —-———\J

Linear Regulator

MAXM17715-MAXM17720, MAXM17721-MAXM17726

LOAD TRANSIENT RESPONSE
toc21
1]
Vouts (ac) [y f 100mV/div
—————— )
louts 100mA/div

100ps/div

CONDITIONS: PWM MODE, Vy1g = 5V, fgyy = 570kHz
LOAD STEP BETWEEN 75mA to 150mA

MAXM17724
STARTUP THROUGH ENABLE (1.5V PREBIAS)

toc24

,
5Vidiv
= 2Vidiv

Vouts

1ms/div

CONDITIONS: PWM MODE, Vourg = 5V, Vour, = 2.5V,
NO LOAD, fgy = 570kHz

MAXM17712
SHUTDOWN THROUGH ENABLE

toc27

[
Venuwvo 5Vidiv
Vours N 2Vidiv
LX 20Vidiv

1ms/div

CONDITIONS: PWM MODE, Vourg = 3.3V, Vour = 1.8V,
louts = 100mA, loyt, = 50mA, fey, = 375kHz
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Typical Operating Characteristics (continued)

(VIN = VEN/UVLO = 24V, VgnD = 0V, 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. The circuit values for different output voltage applications are as in Table 1, unless
otherwise noted.)

MAXM17712 MAXM17712 MAXM17720
STARTUP THROUGH ENABLE (2V PREBIAS) STARTUP THROUGH ENABLE (2V PREBIAS) STARTUP THROUGH ENABLE
toc28 toc!
toc29 foc
y 5Vidiv 5Vidiv 5\//d\lv
Venuvio v __J 4 v __J 2Vidiv
Nidiv ENJUVLO iy EN/UVLO
Vouts Vouts Vours /
20V/div S0V 20V/div
LX
1ms/div oms/div 1ms/div
CONDITIONS: P%Mngg Ef vo_ug;;kz.av, Voun =18V CONDITIONS: PFM MODE, Voyrg = 3.3V, Vour, = 1.8V, CONDITIONS: PWM MODE, Vourg = 5V, Vour, = 3.3V,
Visw= ‘ NO LOAD, fg = 375kHz louts = 100mA, loyrL = 50mA, fgy = 570kHz
MAXM17720 MAXM17720 MAXM17720
SHUTDOWN THROUGH ENABLE STARTUP THROUGH ENABLE (2V PREBIAS) STARTUP THROUGH ENABLE (2V PREBIAS)
i toc3 “ toc32 toc3!
5Vidiv 5Vidiv
Vidiv

q 2Vidiv
Venuviof 5V/div VEnuvLo Venuvio
Vouts

Vidiv

LX ! 20Vidiv

1ms/div 1ms/div 2ms/div

kL@

Vouts

Vours |

CONDITIONS: PWM MODE, Vourg = 5V, Vour = 3.3V, CONDITIONS: PWM MODE. Ve r = 5V, Vo1 = 3.3V, CONDITIONS: PFM MODE, Voyrg = 5V, Vour, = 3.3V,
loute = 100mA loyr, = 50mA., feyy = 570kHz "NOLOAD, fuy= 870Kz NO LOAD, fgyy = 570kHz
MAXM17724 MAXM17724 MAXM17712
STARTUP THROUGH V) SHUTDOWN THROUGH V), STARTUP THROUGH V)
toc34 toc3!

u v
« 20V/div 1
4
2Vidiv \ v

Vi . IN

jo” IN 20V/div 2V/div

Vour / \ Vours
Vouts k————————-——- 2Vidiv

" 20V/div

X : 20V/div
Tmsfdiv Tmsfdiv Imsfdiv
CONDITIONS: PWM MODE, Voyrs = 5V, Vour, = 25V, CONDITIONS: PWM MODE, Voys = 5V, Vour, = 25V, CONDITIONS: PWM MODE, Vours = 3.3V, Vour = 1.8V,
louts = 100mA, loyr = 50mA, fgy = 570kHz louts = 100mA, loyr, = 50mA, fey = 570kHz lours = 100mA, loyr, = S0mA, fsyy = S75KkHz
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Typical Operating Characteristics (continued)

(VIN = VEN/UVLO = 24V, VgnD = 0V, 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. The circuit values for different output voltage applications are as in Table 1, unless
otherwise noted.)

MAXM17712 MAXM17720 MAXM17720
SHUTDOWN THROUGH V) or STARTUP THROUGH V), SHUTDOWN THROUGH V)

toc38

toc39

U

20V/div

oo e |

20V/div

Vours 2Vidiv Vouts
_________________________________ o N
X P 20Vdiv LX F 20Vidiv
Ims/div Tms/div Tms/div
CONDITIONS: PWM MODE, Voyrg = 3.3V, Vour, = 1.8V, CONDITIONS: PWM MODE, Voyrg = 5V, Vour, = 3.3V, CONDITIONS: PWM MODE, Vs = 5V, Vour, = 33V,
louts = 100mA, loyr = 50mA, fgy = 375kHz louts = 100mA, loyr = 50mA, fgy, = 570kHz louts = 100mA, loyr, = 50mA, fgy = 570kHz
MAXM17721-MAXM17726 MAXM17710-MAXM17714, MAXM17721-MAXM17726 MAXM17715-MAXM17720, MAXM17721-MAXM17726
OUTPUT SHORT IN STEADY-STATE OUTPUT SHORT IN STEADY-STATE OUTPUT SHORT DURING STEADY STATE
tocd0 toc41 tocd2
i y 10V/div
d 10V/div 10V/idiv 1
SHORT i SHORT e ] SHORT e
Vouts 2Vidiv Vouts 2Vidiv Vouts 5Vidiv
louts 100mA/div louTs 100mA/div louts 100mA/div
20ms/div 20ms/div 20ms/div
CONDITIONS: PWM MODE, Voyrg = 2.5V, loyrs = 100mA CONDITIONS: PWM MODE, Voyrs = 3.3V, loyrg = 100mA CONDITIONS: PWM MODE, Voyrg = 5V, loyrs = 100mA
loutt = 50mA, fsyy = 350kHz loutL = 50mA, fay = 375kHz loutL = 50MA, fey = 570kHz
MAXM17721-MAXM17726 MAXM17721-MAXM17726 MAXM17710-MAXM17714
EXTERNAL CLOCK SYNCHRONIZATION TO 750kHz BODE PLOT BODE PLOT
\ 40 okt 400 40 oo 100
toc4 ————A [
v 30 75 30 T 75
N | PHASE I~
e L L R 2 S s o [ PHAse - 50
SYNC 5Vidiv ~ N N N
~ ™~ N
~ 10 N 5 < 10 Ry 2
g I o =
z0 05 g 0 0 o
[} BN o = \\ \ 2
¥ 10 -25 = 90 25 T
Vours(AC) pmine ™ "somvidi AN TR s CUITTHRY| O F
2 | 50 2 l 50
BANDWIDTH = 20.062kHz, BANDWIDTH = 19.99kHz \\
» 30 |- PHASE MARGIN = 73.375° -75 30 |- PHASE MARGIN = 63.06% 75
20V/div
o L 0 wo L LU 0
- 1 10 100 1 10 100
10ps/div FREQUENCY(kHz) FREQUENCY(kH2)
CONDITIONS: PWM MODE, Voyrs = 5V, loyrg = 100mA,
lourL = 50mA, fgy = 570kHz CONDITIONS: PWM MODE, Voyrg = 2.5V, loyrs = 150mA, fgyy = 350kHz  CONDITIONS: PWM MODE, Vourg = 3.3V, loyts = 150mA, fgy = 375kHz
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MAXM17710-MAXM17726

Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA

Typical Operating Characteristics (continued)

(VIN = VEN/UVLO = 24V, VgnD = 0V, 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. The circuit values for different output voltage applications are as in Table 1, unless

otherwise noted.)

MAXM17715-MAXM17720
BODE PLOT

40 2 100

30 T 75

20 N L PHASE | 50

\\ \\
[~

10 ! 2
& 0 0 (,I,
3
s N 7]
210 8 25 &
o GAIN [

20 ‘ -50

I ~
BANDWIDTH = 20.61kHz,
-30 |- PHASE MARGIN = 60.05° -5
o LU LTI 1 -
1 10 100
FREQUENCY(kHz)

CONDITIONS: PWM MODE, Vourg = 5V, louts = 150mA, fy = 570kHz

MAXM17712
LDO LOAD TRANSIENT

tocd9

U

VouTt (ac) 20mV/div

loutt m:J 20mA/div

40ps/div
CONDITIONS: PWM MODE, Voyr, = 1.8V,
LDO LOAD STEP BETWEEN 1mA to 25mA

MAXM17720
LDO LOAD TRANSIENT

Vourt (ac) Wmmwﬁv

fr——— )

-

focs;

lout, 20mA/div

40ps/div

CONDITIONS: PWM MODE, Voyr, = 3.3V
LDO LOAD STEP BETWEEN 25mA TO 50mA
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MAXM17724
LDO LOAD TRANSIENT

tocd7

20mV/div

p

Vourt (ac) ﬂ
|
iy

loutt

40us/div

CONDITIONS: PWM MODE , Voyr, = 2.5V,
LDO LOAD STEP BETWEEN 1mA TO 25mA

MAXM17712
LDO LOAD TRANSIENT

toc50

VouTt (ac) e M 20mVidiv

[ e NS ]
4

e

loutt 20mAJdiv

40ps/div

CONDITIONS: PWM MODE, Vour, = 1.8V,
LDO LOAD STEP BETWEEN 25mA to 50mA

MAXM17720
POWER SUPPLY REJECTION RATIO vs. FREQUENCY
60 toc53
50t
b /VM
40 7
i
& 30 LA
=
&
% 20
10
0
100 1K 10k 100k ™
FREQUENCY(H2)

CONDITIONS: Vours = 5V, Vour. = 3.3V, lour, = 50mA

Linear Regulator

MAXM17724
LDO LOAD TRANSIENT

tocd8

Vourt (ac) q ~ “owm— 20m\/div

loutL 20mA/div

40ps/div

CONDITIONS: PWM MODE, Vour, = 2.5V,
LDO LOAD STEP BETWEEN 25mA TO 50mA

MAXM17720
LDO LOAD TRANSIENT

toc51

Voutt (ac) 20mVidiv

4
lourt 20mA/div

40ps/div

CONDITIONS: PWM MODE, Vour, = 3.3V
LDO LOAD STEP BETWEEN 1mA TO 25mA

MAXM17710-MAXM17726
OUTPUT CURRENT vs. AMBIENT TEMPERATURE

toc54

160
RPN Vourg = 25V \k\
= [ \
g Vouts=3.3V = \
S g0 [
(&}
5 Vourg =5V \\\
o
=
5 \
SIS

0

85 95 105 115 125
AMBIENT TEMERATURE (°C)
CONDITIONS: PWM MODE, Vourg = 2.5V, fay = 350kHz
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MAXM17710-MAXM17726

Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA

Typical Operating Characteristics (continued)
(VIN = VEN/UVLO = 24V, VgnD = 0V, 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. The circuit values for different output voltage applications are as in Table 1, unless
otherwise noted.)

MAXM17712 CONDUCTED EMISSIONS PLOT
WITH FILTER Ly, 1 = 82uH, Cyy 1= 0.47WF, Ceyyy 2= 1F

70 70 By [
; CISPR-22 CLASS B QP LIMIT
60 60 3B - -
— e CISPR-22 CLASS B AVG LlMlLl'
S socBv 1
Es 50 §
3
o ey | PEAK _ AVERAGE |
g ? EMMISION _ EMMISION
% 30 [av—7 4
2 | u
= 20k 14 7 A Jw:ml
o 'jf’rm’k o ’*“f"‘* e
10 [ : \
100k 1M 10M 30M
FREQUENCY(Hz)

CONDITIONS: Vours = 3.3V, loura = 100mA, loyr, = 50mA

tocs5

T
00005

35.41 oy
350,000k

FROM MAXM17712EVKIT#
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MAGNITUDE (dBpV/m)

MAGNITUDE (dBpV/m)

MAXM17712 RADIATED EMISSIONS PLOT

Lew_1= SHORT, Cew 1= Cem 2= OPEN

70
60
50 1
40 CISPR-22 CLASS B QP LIMIT
30
VERTICAL
2 SCAN
- 1
10 \ %
0 ! HORIZONTAL
3 | ., SeaN |
300 T00m 1
FREQUENCY(Hz)

CONDITIONS: Vours = 3.3V, lors = 100mA, loyr, = 50mA

FROM MAXM17712EVKIT#

MAXM17720 RADIATED EMISSIONS PLOT

Lemi_1= SHORT, Cgyy_1= Cem 2= OPEN
5¢

70
60
50
40 CISPR-22 CLASS B QP LIMIT
30
ERTICAL
20 SCAN
HORIZONTAL
L  SCAN
30M 100M 16
FREQUENCY(Hz)

CONDITIONS: Vours = 5V, loura = 100mA, loyr, = 50mA

FROM MAXM17720EVKIT#

MAGNITUDE (dBpV)

Linear Regulator

MAXM17720 CONDUCTED EMISSIONS PLOT
WITH FILTER LEML1 =82pH, CEMIJ = 0.47pF, CEMLZ= 1uF

tocs7

70 T L] 7238 dBy
CISPR-22 CLASS B QP LIMIT """
60 [s0sav—< Q t
ol %7 CISPR-22 CLASS B AVG LIMIT
50 dB,v- T ———
40 3B, T
40 AVERAGE
PEAK  EMMISION
30 [oa — EMMISION

100k

| ARSYIC (R LRI
N N«w‘«‘lw N{,\mLuWN\“‘M‘”"'” »wdi\yﬂ
LA
b ML T
™ 10M 30M
FREQUENCY(Hz)

CONDITIONS: Vours = 5V, louta = 100mA, loyr, = 50mA

FROM MAXM17720EVKIT#
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC

Pin Configuration

Power Module DC-DC Converter with 50mA
Linear Regulator

MAXM17710-MAXM17726

TOP VIEW
r—- r—-
P Lol N
15 ro=| EN
| |
GND |1 2] 19 )f o
r==  MAXMATTI0-  (—-
MODE/|3I |8|RT
sne |20 Maxwrrs L2
RESET | 4 | L7yl e
outs 151 Oisf oun
+' INDICATES PIN1 OF THE MODULE

Pin Description

PIN

NAME

FUNCTION

1

LX

Switching Node. Do not connect any external components to the LX pin.

2

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 section.

MODE/SYNC

Mode Selection and External Clock Synchronization Input. Connect the MODE/SYNC pin to the
GND pin to enable fixed-frequency PWM operation. Leave MODE/SYNC unconnected for PFM
operation. An external clock can be applied to the MODE/SYNC pin to synchronize the internal
clock to the external clock. See the Mode Selection and External Clock Synchronization (MODE/
SYNC) section for details.

RESET

Open-Drain Power-Good Output. Pull up RESET to an external power supply with a resistor. The
RESET pin is driven low if FB voltage falls below 92% or OUTL voltage falls below 91.5% of their
set value and also when EN/UVLO voltage falls below its threshold value. RESET goes high 2.1ms
after FB and OUTL voltages rise above 95% of their set value. RESET functionality is not available
in PFM mode of operation.

ouTB

Step-Down DC-DC Converter Output Pin. Connect a capacitor from OUTB to GND. This pin is also
a linear regulator power-supply input.

OUTL

Linear Regulator Output Pin. Connect at least a 2.2uF capacitor across OUTL and GND.

FB

Step-Down Converter Feedback Input. For fixed step-down converter output voltage parts, connect
FB directly to the output node of the step-down converter. For adjustable step-down converter
output voltage parts, connect FB to a resistor-divider between the regulated buck-voltage node and
GND. See the Output Voltage Setting section for details.

RT

Programmable Switching Frequency Input. Connect a resistor from RT to GND to program the
switching frequency from 350kHz to 2.2MHz. Leave the RT pin unconnected for a default 610kHz
switching frequency. See the Switching Frequency (RT) section for details.

EN/UVLO

Enable/Undervoltage Lockout Input. Drive EN/UVLO high to enable the output voltage. Connect to
the midpoint of a resistor divider from IN to GND to set the input voltage at which the device turns
on. Pull low to GND to disable the device. See the Setting the Input Undervoltage-Lockout Level
section for details.

10

Power Supply Input of the Step-Down Converter. Decouple the IN pin to GND with an X7R 1pF
ceramic capacitor.

www.analog.com
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Functional Diagrams

Block Diagram

MAXM17710-MAXM17726

INTERNAL LINEAR | _ —
REGULATOR [ IN

OUTB ——— BIAS SELECT

HIGH-SIDE
‘ Voo DRIVER

>
EN/UVLO + T ﬂa

1215V 4TuH
m@jm
PEAK
RT  |——— | osciLaTor | CURRENT-MODE
™ CONTROLLER
—»
LOW-SIDE
DRIVER
SOFT START > * GND
Ruiope [ I
NMA—Vee
MODE/ MODE SLOPE
SYNC ¢ SEtcE)ngéON COMPENSATION

LOOP
COMPENSATION

A

R3 FE__ o RESET
FB OUTL RESET
LOGIC
R4
*82

VouTs_uvLO »

ouTB m
— 4 T
LINEAR
) sesutaron (m LR | oun ]
UVLO LOGIC

LINEAR REGULATOR
CONTROL & SOFT START

MODULE PART NUMBER S$1 S2 R3 (kQ) R4 (kQ)
MAXM17710-MAXM17714 OPEN CLOSE 257.6 82.2
MAXM17715-MAXM17720 OPEN CLOSE 432.43 82.2
MAXM17721-MAXM17726 CLOSE OPEN OPEN OPEN
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Detailed Description

The MAXM17710-MAXM17726 are a family of dual-output regulator modules integrating a 4V to 60V, 150mA
synchronous step-down converter with internal MOSFETS, inductor, and a high-PSRR, low-noise, 50mA linear regulator.
The step-down converter output is connected to the input of the linear regulator inside the module. The linear regulator
can deliver up to 50mA load current. The step-down converter can deliver up to 150mA current, including the current
drawn by the linear regulator. The module variants offer different fixed output voltages from the linear regulator, in the
range of 1.2V to 3.3V. The MAXM17710-MAXM17720 modules offer fixed output voltage from the DC-DC step-down
converter. The MAXM17721-MAXM17726 modules offer adjustable step-down converter output voltage, programmable
between 2.5V and 5V. The modules offer independent internal compensation circuits for step-down converters and linear
regulators, eliminating the need for external compensation components.

When EN/UVLO is ascertained, an internal power-up sequence ramps up the error-amplifier reference, resulting in an
output-voltage soft-start. The soft-start period is fixed internally at 5.1ms. The step-down converter features a peak-
current-mode control architecture with programmable switching frequency. The MODE selection pin can be used to
operate the converter in pulse-width modulation (PWM) or pulse-frequency modulation (PFM) control schemes.

On the rising edge of the internal clock, the high-side p-MOSFET 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 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 is turned ON. During the OFF-time, the inductor releases the stored
energy as the inductor current ramps down, providing current to the output. During overload conditions, 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.

The FB pin monitors the output voltage of the step-down converter directly (for fixed output voltage variant modules) or
through a resistor-divider (for adjustable output voltage variant modules). The output of the linear regulator is monitored
internally in the module. The RESET pin transitions to a high-impedance state 2.1ms after both the output voltages reach
95% of their respective programmed values.

Mode Selection and External Clock Synchronization (MODE/SYNC)

The modules feature a MODE/SYNC pin. This pin has two functions, it can be used to synchronize the module to an
external clock signal or for selecting the mode of operation to either forced PWM mode or PFM mode. When the MODE/
SYNC pin is grounded, the module operates in constant-frequency PWM mode at all loads. When the MODE/SYNC pin
is unconnected, the module operates in PFM mode at light loads. When a rising edge is detected at the MODE/SYNC
pin, the internal logic changes the mode from PWM to PFM after 16 clock cycles. When a falling edge is detected, the
change from PFM to PWM is instantaneous.

In PWM mode of operation, the module output current is allowed to go negative. The PWM operation is useful in
frequency-sensitive applications and provides fixed switching frequency at all loads.

The PFM mode disables negative inductor current and additionally skips pulses at light loads for better efficiency. The
PFM mode of operation gives higher efficiency at light loads compared to the PWM mode of operation. In PFM mode,
the inductor current is forced to a fixed peak (Ipgp) of 92mA (typ) in every clock cycle until the output voltage rises to
102% (typ) of the nominal value. Once the output reaches 102% (typ) of the nominal value, both high-side and low-side
FETs are turned off and the device enters hibernate operation until the load discharges the output voltage 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 voltage falls below 101% (typ) of the nominal value, the module comes out of hibernate operation, turns on all
internal blocks, and commences the process of delivering pulses of energy until the output voltage reaches 102% (typ)
of the nominal value. The module naturally comes out of PFM mode and serves load requirements in PWM mode when
the inductor peak current exceeds lpgp (92mA typ) threshold. The module returns to PFM mode only when the load
current is less than half the peak-to-peak inductor ripple current.

The internal oscillator of the module can be synchronized to an external clock signal on the MODE/SYNC pin. The
external synchronization clock frequency must be between 1.1 x fgyw and 1.4 x fgy where fgyy is the frequency
programmed by the RRT resistor. When an external clock is applied to MODE/SYNC pin, the internal clock synchronizes
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MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

to the external clock frequency (from the original frequency based on the RT setting) after 8 external pulses are detected
within 16 internal clock cycles. The minimum external clock on-time and off-time pulse widths should be greater than
100ns. See the MODE/SYNC section in the Electrical Characteristics table for details.

Linear Regulator Input

The step-down converter output is connected to the input of the linear regulator. The linear regulator can operate in the
input voltage range of 2.35V to 5V and can deliver a maximum current of 50mA.

BIAS From OUTB

The OUTB pin also functions as bootstrap input to power up the internal blocks. Switch-over to bootstrap input occurs
when VoyTg is above VoyTg TH- This improves the overall efficiency, since the internal blocks are being powered from
the step-down converter output which has less voltage than the input voltage.

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

When EN/UVLO voltage is above 1.215V (typ), the internal error-amplifier reference voltage starts to ramp up. The
duration of the soft-start ramp is 5.1ms (typ), allowing a smooth increase of the output voltage. Driving EN/UVLO low
disables both power MOSFETSs and linear regulator as well as other internal circuitry, and reduces V)N quiescent current
below 2.5uA (typ). The EN/UVLO can be used as an input voltage UVLO adjustment input. An external voltage divider
between V|y and EN/UVLO to GND adjusts the input voltage at which the module turns on or turns off. The allowed
minimum turn-on/off input voltage is 4V. See the Setting the Input Undervoltage-Lockout Level section for details. If EN/
UVLO is driven from an external signal source, a 1kQ (min) series resistance is recommended between the signal source
and the EN/UVLO pin.

Startup Into a Prebiased Step-Down Converter Output

The devices are capable of soft-start into a prebiased output without discharging the output capacitor in both the PFM
and forced-PWM modes. 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 the step-down converter output voltage and the linear
regulator output voltage. To use the RESET feature, the pin has to be pulled up using an external resistor as shown in
the typical application circuit.

RESET goes to high impedance, 2.1ms after both the step-down converter and linear regulator outputs rise above
95%(typ) of their nominal set value, respectively.

RESET pulls low after 4us if the step-down converter output voltages fall below 92% or linear regulator output voltage
falls below 91.5% of their set value. RESET is also driven low when EN/UVLO voltage falls below its threshold value.

Switching Frequency (RT)

Switching frequency of the device can be programmed from 350kHz to 2.2MHz by using a resistor connected from RT to
GND. The switching frequency (fgyy) is related to the resistor (RrT) connected at the RT pin by the following equation:

_ 500
RRT_ 11.6
— =05
fe =1
SW fsw

where RRrT is in kQ and tgyy is in ps. Leave the RT pin unconnected for the default 610kHz switching frequency. The
maximum allowable switching frequency for PFM mode of operation is 900kHz.

Overcurrent Protection (OCP)
The MAXM17710-MAXM17226 modules are provided with a robust overcurrent protection scheme that protects the
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Power Module DC-DC Converter with 50mA
Linear Regulator

modules under overload and output short-circuit conditions. Device implements a hysteretic peak current limit protection
scheme to protect the internal FETs and inductor under output short-circuit conditions. When the inductor peak current
exceeds lpeak-LIMIT (295mA 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 part enters hiccup mode if the inductor current hits Ipeak-LmiT for 16 consecutive times. In hiccup
mode, the module is protected by suspending switching for a hiccup time out period (51ms typ). Once the hiccup time-out
period expires, the part auto retries to startup with soft-start and the same operation continues until the short is removed
and inductor peak current goes below Ipgak-LIMIT-

The MAXM17710-MAXM17726 step-down converters are designed to support a maximum load current of 150mA.
Inductor ripple current can be calculated as follows:
iN~ Vouts ~ G4 *lout). Vouts* (4 /oyt

Al=]
' Lxfgw b VIN- (T4 xIoyT)

louT =louTs *lLDO

where

VouTts = Steady-state output voltage,

V|N = Operating input voltage,

fsw = switching frequency in Hz,

L = Inductor in the step-down converter module (47uH+20%),

louTs = Step-down converter load current,

ILpo = LDO load current

The following condition should be satisfied at the desired load current, loyT

lout *+5* <0.245

The low-side switch in the step-down converter is protected by the sink current limit. When the low-side sink current
exceeds Igink LimIT (105mA typ) the low-side nMOSFET turns off and the current is controlled with a hysteretic ripple of
50mA. B

The linear regulator is provided with an overload and short-circuit protection. The module measures and limits the linear
regulator output current, I po to 84mA (typ). There is no timeout for overload and short-circuit protection at the output of
linear regulator. The device would continue to deliver 84mA. If this causes a thermal runaway in the application, then the
device would be turned off by the on-chip thermal sensor at the thermal shutdown temperature.

Thermal-Overload Protection

Thermal-overload protection limits the total power dissipation in the module. When the junction temperature exceeds
+160°C (typ), an on-chip thermal sensor shuts down the device, turns off the internal power MOSFETs and the linear
regulator, allowing the module to cool down. The thermal sensor turns the module on with soft-start after the junction
temperature cools by 20°C.

www.analog.com Analog Devices | 17

Downloaded from AFFOW.Com.


http://www.arrow.com

MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

Applications Information

Operating Input Voltage Range

The minimum and maximum operating input voltages for a given output voltage should be calculated as follows:

__ Vouts *Uout(max) * ®9)
1= toFF_MIN(MAX) * fsw(MAX)

VIN(MIN) *+(loute(MAX) X 24)

VouTs
fsw(MAX) * fON_MIN(MAX)

VIN(MAX)

fswmax) = fow_seT * 1.11

lout(Max) = louT(MAX) * ILDOMAX)
Also, for duty cycle > 0.5;
fswmiN) = fow_seT * 0.89
Vingminy > (3:985 x Voutg) = (23.05 % 10~ x fgpyainy)
where
VouTg = Steady-state output voltage of step-down converter,
louTB(MAX) = Maximum load current of step-down converter,
ILDO(MAX) = Maximum load current of linear regulator,
fsw_seT = Set switching frequency in Hz,
toFF_MIN(MAX) = Worst case minimum switch off-time (80ns),
toN_MIN(MAX) = Worst-case minimum switch on-time (128nsec)

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 switching converter. The input capacitor RMS current requirement (Irpms) is defined by the following
equation:

\WVoute* (ViN- VouTs)
VIN

IrRms= louT(MAX)*

lout(max)= loutB(MAX)*ILDOMAX)
where loyTB(MAX) is the maximum load current of the step-down converter and || po(maXx) is the maximum load current

of the linear regulator. The current requirement Irms has a maximum value when the input voltage equals twice the
output voltage (V|N = 2 x VouTB)- So,

I
OUT(MAX)
IRMs(MAX=— 3
Choose an input capacitor that exhibits less than +10°C temperature rise at the RMS input current for optimal long-
term reliability. Use low-ESR ceramic capacitors with high-ripple-current capability at the input. The X7R capacitors are
recommended in industrial applications for their temperature stability. Calculate the input capacitance using the following

equation:
CIN=|OUT(MAX)X Dx(1-D)
nxFgw> AVIN
where
D = Duty ratio of the controller (VoyTg/VIN),
fsw = Switching frequency in Hz,
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AV|N = Allowable input voltage ripple,

n = Efficiency of the step-down converter
See the Typical Operating Characteristics for the power-conversion efficiency or measure the efficiency.

In applications where the source is located at a distance from the device input, an input 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 Selection for Step-Down Converter

Small ceramic X7R grade capacitors are sufficient and recommended for output-voltage generation. The output capacitor
has two functions. It provides smooth voltage and 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 75mA, such that the output-voltage deviation is less than 3%. The minimum required output capacitance can
be calculated from the following equation:

20
Couts = Vours
where
CouTg = Capacitance to be connected at the output of step-down converter in yF and
VouTts = Output voltage of the step-down converter

Derating of ceramic capacitors with DC-bias voltage must be considered while selecting the output capacitor.

Output Capacitor Selection for the Linear Regulator

For stable operation, use a low-ESR 2.2uF X7R ceramic capacitor at the OUTL pin as shown in Typical Application
Circuits. Ensure that the derated capacitance under worst-case conditions does not drop below 1uF.

Setting the Input Undervoltage-Lockout Level

The device offers an adjustable input undervoltage-lockout level. Set the voltage at which the device turns on with a
resistive voltage-divider connected from IN to GND (see Figure 1). Connect the center node of the divider to the EN/
UVLO pin. Choose R1 to be 3.3MQ (max), and then calculate R2 as follows:

__ R1x1.215

where V|Ny is the voltage at which the device is required to turn on. V|yy should always be chosen to be greater than or
equal to 4V.

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.

Vin N
Ri MAXM17710-
MAXM17726
EN/UVLO
R2
GND —

Figure 1. Setting the Undervoltage Lockout Level

Output Voltage Setting

Connect feedback (FB) of the MAXM17710-MAXM17720 directly to the output node of the step-down converter for
feedback control. The MAXM17721-MAXM17726 output voltage can be programmed from 2.5V to 5.0V. Set the output
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voltage by connecting a resistor-divider from output node to FB to GND (see Figure 2). Choose R4 less than or equal to
49.9kQ and calculate R3 with the following equation:

V
_ ouTB
R3 =R4 x’—O.S -

|

MAXM17721-
MAXM17726

OouTB

FB

Vours

R3

R4

— GND

Figure 2. Setting the Output Voltage

Table 1. Selection of Components for MAXM17710-MAXM17726

C
PART Vinminy | ViNmAX) | VouTs Cin (S,L:’)T Ry | Ry | Rs | fsw
NUMBER V) V) ) (uF) kQ) | (kQ) | (kQ) | (kHz)
MAXM7710 1pF 1206 100V 1 x 10pF 0603 10V
HMK316B7105KL) | GRM188Z71A106KA73)
MAXM17715 1uF 1206 100V 1 x 10pF 0603 10V
HMK316B7105KL) GRM188Z71A106KAT73)
MAXMA7721 1uF 1206 100V 1 x 10puF 0603 10V
MAXM 17796 45 48 2.5 (Taiyo yuden (Murata 106 | 49.9 | 137 | 350
HMK316B7105KL) | GRM188Z71A106KA73)
MAXM17721 1uF 1206 100V 1 x 10pF 0603 10V
HMK316B7105KL) | GRM188Z71A106KA73)
MAXM17721 1uF 1206 100V 1 x 10pF 0603 10V
MAXM17726 8.4 60 5 (Taiyo yuden (Murata 261 | 499 | 78.7 | 570
HMK316B7105KL) GRM188Z71A106KA73)

Linear Regulator Output Voltage Options
1.2V, 1.5V, 1.8V, 2.5V, 3V, and 3.3V linear regulator output voltage options are supported. See the Ordering Information

for details.

Power Dissipation

The power dissipation inside the module leads to an increase in the junction temperature of the module. The power loss
inside the module at full load can be estimated as follows:

www.analog.com
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PLoss= Peuck* PLbo

1
Peuck= (Vouts * (lout+loutL)* (- 1))
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PLoo=(Vouts- VouTl) * loutL
where
VouTg = Step-down converter output voltage,
louTs = Step-down converter load current,
n = Efficiency of the step-down converter,
VouTL = LDO output voltage,
louTL = LDO load current

See the Typical Operating Characteristics for power conversion efficiency or to measure the efficiency to determine the
total power dissipation.

The junction temperature (T ;) of the module can be estimated at any given ambient temperature (Tp) from the following
equation:

Ty=Ta* (6ja% PLoss)
For the MAXM17710-MAXM17726 modules soldered on the evaluation board, the thermal resistance from junction-
to-ambient (8,5) is 45°C/W. Operating the module at junction temperatures greater than +125°C degrades operating

lifetimes. An EE-SIM model is available for the MAXM17710-MAXM17726 modules to simulate efficiency and power loss
for the desired operating conditions.

PCB Layout Guidelines
Use the following guidelines for good PCB layout:

e Keep the input ceramic capacitors as close as possible to IN and GND pins.

e Keep the output ceramic capacitors of step-down converter as close as possible to OUTB and GND pins.
e Minimize the area formed by the LX pin to reduce the radiated EMI.

e Ensure that the feedback connection is short and direct.

e Keep LDO output capacitor close to the OUTL and GND pins.

For a sample layout that ensures first pass success, refer to the MAXM17710-MAXM17726 evaluation kit layout available
at www.maximintegrated.com.

www.analog.com Analog Devices | 21

Downloaded from AFFOW.Com.


http://www.maximintegrated.com/
http://www.arrow.com

MAXM17710-MAXM17726 Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA
Linear Regulator

VIN Vouts
IN ouTB ‘] -
CIN I R1 Couts
— EN/UVLO
- R2 GND nd
MAXM17710- -
— MAXM17720
— x FB
| mooes Vour
SYNC OUTL
CoutL
RT RESET |——»
R5 % _-
GND PLANE CIN IN PLANE

1= 7 17
LX L 1_ | I_10 1| N
R1
I_ -1 I_ -1
GND| | 2 1 L9 1| Enuvo
R2
R5
MODE/ | == ==
swe | L3 LE T[R9
eser | {121 | v
Couts
1 |_ -1 |_ -1
e L6 1| our
CoutL
Vouts PLANE VoutL PLANE GND PLANE
Figure 3. Fixed Output Layout Guidelines
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VIN Vouts
IN ouTB I ® -
Cn Ri Couts
I EN/UVLO
- R GND R3
MAXM17721- -
e MAXM17726
—1 X FB
VouTL
MODE/
SYNC OUTL
COUTL
RT RESET |——»
R5 - —
GND PLANE CIN IN PLANE

o | A [l | w
R1
en| 121 ® Mo 1 | enuvio
R2
R5
MODE/ | == P
swe | L L8| R evwie
—— | =
RESET in_! |_7__! FB
TCOUTB
e 0 I_ -
outB | | 5 1 16 1| outL
CoutL
2 el
" \\——"\ Mo
Vouts PLANE R3 R4 VoutL PLANE GND PLANE
®  VIATO INNER LAYER FOR ROUTING FB DIVIDER GROUND NODE
Figure 4. Adjustable Output Layout Guidelines
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Typical Application Circuits

MAXM17712 Application Circuit

Vi
5.5V TO 60V Vours
IN ouTB o >
c3 3.3V )
104F UP TO 150mA
EN/UVLO
GND
MAXM17712 =
— x FB
oDE/ VoutL
— MODE ouTL
SYNG ﬁ’ 1.8V,50mA
c2
RS RT RESET ——» 224F
127kQ —

—— C1:1.0pF/X7R/100V/1206 (HMK316B7105KL)
MODE/SYNC: ~— C2: 2.2uF/X7R/10V/0603 (GRM188R71A225KE 15)
CONNECT TO GND FOR PWM MODE ~ C3: 10uF/X7R/10V/0603 (GRM188Z71A106KA73)

UNCONNECTED FOR PFM MODE fsw: 375kHz
*Total output current limited to 150mA

MAXM17720 Application Circuit

VIN
8.4V TO 60V v
IN ouTB 0 e
3 50V )
TouF UP TO 150mA
EN/UVLO
GND
MAXM17720 —
— FB
VoutL
— MODE/
SYNC ouTL 3.3V, 50mA
c2
RS RT RESET ——» 22uF
78.7kQ —

L C1: 1.0uF/X7R/100V/1206 (HMK316B7105KL)
MODE/SYNC: — C2: 2.2uF/X7R/10V/0603 (GRM188R71A225KE15)
CONNECT TO GND FOR PWM MODE ~ C3 : 10pF/X7R/10V/0603 (GRM188Z71A106KA73)
UNCONNECTED FOR PFM MODE fsw : 570kHz
*Total output current limited to 150mA
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Typical Application Circuits (continued)

MAXM17724 Adjustable 5V Step-Down Converter Application Circuit

Linear Regulator

VIN

8.4V TO 60V

IN ouTB

EN/UVLO

MAXM17724

LX

MODE/
SYNC

RT RESET

GND

FB

OouTL

Vout

»

CBJ_

10pF

—

5.0V
UP TO 150mA*

> R3
261kQ

2.5V,50mA

VouTtL
C2
| 2.2uF

R5
78.7kQ

MODE/SYNC:  ~

CONNECT TO GND FOR PWM MODE
UNCONNECTED FOR PFM MODE

> R4
49.9kQ

C1: 1.0pF/X7R/100V/1206 (HMK316B7105KL)
C2: 2.2uF/X7R/10V/0603 (GRM188R71A225KE15)

*Total output current limited to 150mA

C3: 10uF/X7R/10V/0603 (GRM188271A106KA73)
fsw : 570kHz

www.analog.com

Downloaded from AFFOW.Com.

Analog Devices | 25


http://www.arrow.com

MAXM17710-MAXM17726

Ordering Information

Integrated 4V-60V, 150mA, Himalaya uSLIC
Power Module DC-DC Converter with 50mA

Linear Regulator

PART NUMBER TEMP RANGE PIN-PACKAGE CON\SIEEI;EDROS{JNTPUT i '\‘,g?_.tr’kgTEczs)
VOLTAGE (V)

MAXM17710AMB+* “40°C to +125°C 10 - uSLIC 33 12
MAXM17710AMB+T* | -40°C to +125°C 10 - uSLIC 33 12
MAXM17711AMB+* “40°C to +125°C 10 - uSLIC 33 15
MAXM17711AMB+T* | -40°C to +125°C 10 - uSLIC 33 15
MAXM17712AMB+ “40°C to +125°C 10 - uSLIC 33 18
MAXM17712AMB+T | -40°C to +125°C 10 - uSLIC 33 18
MAXM17713AMB+* “40°C to +125°C 10 - uSLIC 33 25
MAXMA7713AMB+T* | -40°C to +125°C 10 - uSLIC 33 25
MAXM17714AMB+* “40°C to +125°C 10 - uSLIC 33 3.0
MAXMA7714AMB+T* | -40°C to +125°C 10 - uSLIC 33 3.0
MAXM17715AMB+* “40°C to +125°C 10 - uSLIC 5 12
MAXM17715AMB+T* | -40°C to +125°C 10 - usLIC 5 12
MAXM17716AMB+* “40°C to +125°C 10- usLIC 5 15
MAXM17716AMB+T* | -40°C to +125°C 10 - usSLIC 5 15
MAXM17717AMB+* “40°C to +125°C 10- usSLIC 5 18
MAXMA7717AMB+T* | -40°C to +125°C 10- uSLIC 5 18
MAXM17718AMB+* “40°C to +125°C 10- usLIC 5 25
MAXM17718AMB+T* | -40°C to +125°C 10- usLIC 5 25
MAXM17719AMB+* “40°C to +125°C 10 - usLIC 5 3.0
MAXM17719AMB+T* | -40°C to +125°C 10- usLIC 5 3.0
MAXM17720AMB+ “40°C to +125°C 10- usLIC 5 33
MAXM17720AMB+T | -40°C to +125°C 10- usLIC 5 33
MAXM17721AMB+* “40°C to +125°C 10- usLIC Adjustable 12
MAXM17721AMB+T* | -40°C to +125°C 10 - usLIC Adjustable 12
MAXM17722AMB+* “40°C to +125°C 10 - usLIC Adjustable 15
MAXM17722AMB+T* | -40°C to +125°C 10 - usLIC Adjustable 15
MAXM17723AMB+* “40°C to +125°C 10 - usLIC Adjustable 18
MAXM17723AMB+T* | -40°C to +125°C 10 - usLIC Adjustable 18
MAXM17724AMB+ “40°C to +125°C 10 - uSLIC Adjustable 25
MAXM17724AMB+T | -40°C to +125°C 10 - usLIC Adjustable 25
MAXM17725AMB+* “40°C to +125°C 10 - usLIC Adjustable 3

MAXM17725AMB+T* | -40°C to +125°C 10 - uSLIC Adjustable 3

MAXM17726AMB+* “40°C to +125°C 10 - uSLIC Adjustable 33
MAXM17726AMB+T* | -40°C to +125°C 10 - usLIC Adjustable 33

*Future product-contact factory for availability
+ Denotes a lead(Pb)-free/RoHS-compliant package.
T Denotes tape-and-reel.
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Revision History

Power Module DC-DC Converter with 50mA
Linear Regulator

REVISION | REVISION PAGES
NUMBER | DATE DESCRIPTION CHANGED
0 6/19 Initial release —
Updated Pin Configuration; updated TOC42 in Typical Operating Characteristics
1 7/21 section; updated MAXM17712 Application Circuit in Typical Application Circuit 13, 10, 24
section
2 3/25 Updgted ti.tle, Operatingllnput Voltage Range section, Output Voltage Setting 1,18, 19, 22, 23
section, Figure 3, and Figure 4

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

www.analog.

Downloaded from AFFOW.Com.

their respective owners.
com Analog Devices | 27


https://www.analog.com/en/index.html
https://www.analog.com/en/index.html
https://www.analog.com/en/index.html
https://www.analog.com/en/index.html
http://www.arrow.com

	General Description
	Applications
	Benefits and Features
	Typical Application Circuit
	Absolute Maximum Ratings
	Package Information
	PACKAGE TYPE: 10-PIN uSLIC

	Electrical Characteristics
	Electrical Characteristics (continued)
	Typical Operating Characteristics
	Typical Operating Characteristics (continued)
	Pin Configuration
	MAXM17710-MAXM17726

	Pin Description
	Functional Diagrams
	Block Diagram

	Detailed Description
	Mode Selection and External Clock Synchronization (MODE/SYNC)
	Linear Regulator Input
	BIAS From OUTB
	Enable/Undervoltage-Lockout Input (EN/UVLO) and Soft-Start
	Startup Into a Prebiased Step-Down Converter Output
	Reset Output (RESET)
	Switching Frequency (RT)
	Overcurrent Protection (OCP)
	Thermal-Overload Protection

	Applications Information
	Operating Input Voltage Range
	Input Capacitor Selection
	Output Capacitor Selection for Step-Down Converter
	Output Capacitor Selection for the Linear Regulator
	Setting the Input Undervoltage-Lockout Level
	Output Voltage Setting
	Linear Regulator Output Voltage Options
	Power Dissipation
	PCB Layout Guidelines

	Typical Application Circuits
	MAXM17712 Application Circuit
	MAXM17720 Application Circuit

	Typical Application Circuits (continued)
	MAXM17724 Adjustable 5V Step-Down Converter Application Circuit

	Ordering Information
	Revision History

