171010502

MagI*C Power Module
VDMM - Variable Step Down MicroModule

2.5V -55V / 1A / 0.8V - 5.5V Output

DESCRIPTION

The VDMM 171010502 MagI*C MicroModule provides a
fully integrated DC-DC power supply including the
switching regulator with integrated MOSFETSs,
compensation, shieldedinductor and input capacitor in one
package.

The 171010502 offers high efficiencyand delivers up to 1A
of output current. It operates with an input voltage from
2.5V to 5.5V and is designed for a small solution size.

The selectable forced PWMor PFM/PWM mode allows for
the choice between high efficiency and low output voltage
ripple at lightload.

It is available in an LGA-6EP package (3.2 x 2.5 x
1.55mm).

This module has integrated protection circuitrythat guards
against thermal overstress with thermal shutdown and
protects against electrical damage using overcurrent,
short-circuitand undervoltage protections.

TYPICAL APPLICATIONS

e General point of load power supply for low power
systems

e Replacementoflinearregulators

e DSP and FPGA power supplyauxiliary voltages

e Portableinstruments

e Battery powered equipment

TYPICAL CIRCUIT DIAGRAM

O

WE—

WURTH ELEKTRONIK

FEATURES

e Peak efficiency up to 96%

e Currentcapabilityupto 1A

e Inputwvoltage range: 2.5V to 5.5V

e Outputvoltage range: 0.8V to 5.5V

e 25 pAtypical quiescentcurrent

e Integrated shielded inductor and input capacitor

e Lowoutputvoltage ripple: t6mV typ.

e Output voltage accuracy over temperature: 2% max.

e Fixed switching frequency: 4 MHz

e ConstantOn-Time control

e  Synchronous operation

e Selectable forced PWM or PFM/PWM mode

e Underwoltage lockoutprotection (UVLO)

e Embedded soft-start

e Thermalshutdown

e  Short-circuitprotection

e Cycle-by-cycle currentlimit

e RoHSund REACh compliant

e Operatingambienttemperature upto 85°C

e  Operatingjunctiontemp.range: -40to 125°C

e Complies with EN55032 class B radiated emissions
standard
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PACKAGE
FB MODE VOUT VOUT MODE FB
3 2 1 1 2 3
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Top View Bottom view

MARKING DESCRIPTION

MARKING | DESCRIPTION

T56 Marking Coder

y Date Code (year)
w Date Code (month)

PIN DESCRIPTION

SYMBOL NUMBER TYPE DESCRIPTION
Output voltage. Place output capacitors as close as possible. For best

VOUT 1 Power .
thermal performance use copper plane(s) atthis pin.
Forced PWM or PFM/PWM mode selection pin. Setting this pin high, the
MODE 5 Inout forced PWM mode is selected for any load current. Setting this pin low,
P PFM/PWM is selected, with the transition automaticallybetween the two
operations according to the load. This pin must notbe left floating.
Feedback pin. This pin mustbe connected to the external resistor divider
FB 3 Input

(between VOUT and GND) to adjustthe outputvoltage.
VIN 4 Power Input voltage. Place the inputcapacitor as close as possible.
Enable pin. Setting this pin high enables the device, while setting this pin low

EN S Input shuts down the device. This pin mustnotbe left floating.
PGND 6 Power Power Ground. It mustbe connected to the ground plane and the Thermal
Pads.
Exposed Pads. These pins are internallyelectrically connected to PGND. It is
PGND EP Exposed Pads | recommended to connectthem to the ground plane for device heat
dissipation
we-online.com Wiirth Elektronik eiSos GmbH & Co. KG — Data Sheet Rev. 1.0
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ORDERING INFORMATION
ORDER CODE SPECIFICATIONS PACKAGE PACKAGING UNIT
171010502 1A/ 0.8-5.5Vout version LGA-6EP Reel (2000 pieces)
178010502 1A/ 0.8-5.5Vout version Eval Board
SALES INFORMATION
SALES CONTACTS
Wiirth Elektronik eiSos GmbH & Co. KG
EMC & Inductive Solutions
Max-Eyth-Str. 1
74638 Waldenburg
Germany
Tel. +49 (0) 79429450
www.we-online.com/powermodules
Technical support: powermodules@we-online.com
we-online.com Wiirth Elektronik eiSos GmbH & Co. KG — Data Sheet Rev. 1.0
3/39

© January 2019



http://www.we-online.com/powermodules
mailto:powermodules@we-online.com

171010502

o_
Mag*C Power Module :wi—o—
VDMM — Variable Step Down MicroModule e O ~

WURTH ELEKTRONIK

ABSOLUTE MAXIMUM RATINGS

Caution:
Exceeding the listed absolute maximum ratings mayaffect the device negatively and may cause permanentdamage.

SYMBOL PARAMETER LIMITS UNIT
MIN @ MAX

VIN Input voltage -0.3 6 \%
VOUT Output voltage -0.3 Vin+0.3 \Y
FB Feedback pin -0.3 Vin+0.3 \%
EN Enable pin -0.3 Vin+0.3 \Y
MODE Mode pin -0.3 Vin+0.3 Vv
Tstorage Assembled, non-operating storage temperature -65 150 °C
VEsp ESD voltage (HBM), all pins (C=100pF, R= 1.5kQ) -4 4 kv

OPERATING CONDITIONS
Operating conditions are conditions under which the device is intended to be functional. All values are referenced to GND.
MIN and MAX limits are valid for the recommended ambient temperature range of -40°Cto 85°C. Typical values represent

statisticallythe utmost probable values at the following conditions: Vin = 5V, Vout = 1.8V, Cin = 4.7uF, Cout =10pF ceramic,
unless otherwise noted.

SYMBOL PARAMETER MIN @ TYP @ MAX @ UNIT
Vin Input voltage 25 - 55 \%
Vour Output voltage (depending on the external resistor divider) 0.8 - 55 \%
Ta Ambienttemperature range -40 - 850 °C
Toop Junction temperature range -40 - 125 °C
lout Nominal outputcurrent 1 A

THERMAL SPECIFICATIONS

SYMBOL PARAMETER TYP @ UNIT
(ST Junction-to-ambientthermal resistance (9 150 °C/W
TSD Thermal shutdown, rising 160 °C
Thermal shutdown hysteresis, falling 10 °C
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ELECTRICAL SPECIFICATIONS

MIN and MAX limits are valid for the recommended ambienttemperature range of -40°C to 85°C. Typical values represents
statisticallythe utmostprobable values at the following conditions: Vin = 5V, Vout = 1.8V, Cin = 4.7uF, Cout =10uF ceramic,
unless otherwise noted.

SYMBOL | PARAMETER | TEST CONDITIONS | MIN® [ TYP @ | MAX® [ UNIT
Output current
locp | Overcurrent protection | Ta = 25°C | 15 | 23 | 30 [ A
Output accuracy
v Reference voltage Ta=25°C 0.784 0.8 0.816 \%
FB
Temperature variation | -40°C<Ta<85°C 0.784 0.8 0.816 \Y
s Input current feedback 50 0 50 nA
pin
Line regulation Vin = VouT+1 to 5.5V, MODE = low - 0.05 - %N
Load regulation 500mA< lom < 1A - -0.9 - %IA
V|N = 3.6V, VOUT = l.8V, |OUT =100mA
vV, MODE = high, 20MHz BW, - 6 - mV
ouT
. Ta=25°CO
Output voltage ripple
Vin = 3.6V, VouT = 1.8V, lout = 100mA
MODE = low, 20MHz BW, - 65 - mV
Ta =25°CO
Switching frequency
fsw Switching frequency | 3.6 | 4 | 4.4 | MHz

Enable and undervoltage lockout

Vi undervoltage Vin increasing 2 22 2.4 \%
threshold
Vuvio Vin undervoltage
I Undenoliag Ta = 25°C - 170 - mv
hysteresis
Enable logic high voltage 12 i i v
Enable threshold trip | Ta =25°C '
VENABLE . -
point Enable logic low voltage i i 04 Vv
Ta=25°C '
lenABLE Enable inputcurrent -1 - 1 HA
MODE selection
Mode logic high voltage 12 i i Y
MODE threshold trip Ta=25°C '
Vmobe . -
point Mode logic low voltage i i 04 v
Ta=25°C ’
| MODE current MODE = high, Ta = 25°C 75 nA
MopE consumption MODE = low, Ta = 25°C 60 nA
Soft-Start
tss Soft-start duration Ta =25°C (rising edge to 95% of Vour) | 128 us
we-online.com Wiirth Elektronik eiSos GmbH & Co. KG — Data Sheet Rev. 1.0
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ELECTRICAL SPECIFICATIONS

MIN and MAX limits are valid for the recommended ambienttemperature range of-40°C to 85°C. Typical values represents
statisticallythe utmost probable values at the following conditions: Vin = 5V, Vout = 1.8V, Cin = Cout =10pF ceramic, unless
otherwise noted.

SYMBOL PARAMETER TEST CONDITIONS MIN® [ TYP @ | MAX @D UNIT
Efficiency
ViN = 3.6V, VouT = 1.8V, 0
loutr =50mA MODE = low 87 %
Vin = 5V, Vout = 3.3V, o
lout = 50mA MODE = low i 90 i &
. Vin = 3.6V, Vour = 1.8V, 0
N Efficiency lour = 200mA, MODE = high ; 88 - %
Vin = 5V, Vout = 3.3V, 0
lour = 200mA, MODE = high i 90 i &
Vin = 3.6V, Vout = 3.3V, i 96 ) %
loutr =200mA, MODE = low
Input quiescent/shutdown current
lso Shutdown quiescent Venasie = OV, Ta = 25°C, Viy = 5V i 05 i UA
current
MODE = high, EN = high,
switching with no load, - 13 - mA
| No load inputcurrent Vour = 1.8V, Ta = 25°C
IN "
MODE = low, EN = high,
switching with no load, - 25 - MA
Vout = 1.8V, Ta =25°C
MODE = high, EN = high,
no switching, - 25 - HA
I Quiescentcurrent Vour = 1.8V, Ta =25°C
Q MODE = low, EN = high,
no switching, - 25 - HA
Vout = 1.8V, Ta =25°C
RoHS, REACh
ROHS Directive 2011/65/EU of the European Parliamentand the Council of June
directive 8th, 2011 on the restriction of the use of certain hazardous substances in
"COMPLIANT | electrical and electronic equipment.
\ IVNUH"T_H\ ELEKTR‘ONI"!KJ: . . . .
REACh Directive 1907/2006/EU ofthe European Parliamentand the Council of
directive June 1st, 2007 regarding the Registration, Evaluation, Authorization and
Restriction of Chemicals (REACHh).

PACKAGE SPECIFICATIONS

Weight

Molding compound

UL class

Certificate number

0.04169g

None

Not applicable

Not applicable
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NOTES

(1) Min and Max limits are 100% production tested at 25°C. Limits over the operating temperature range are guaranteed
through correlation using Statistical Quality Control (SQC) methods.

(2) Typical numbers are valid at 25°C ambienttemperature and represent statisticallythe utmost probable values assuming
a Gaussian distribution.

(3) Dependingon heatsinkdesign,number of PCB layers, copper thickness and air flow.

(4) Measuredona 101.5x 114.5 mm one layer board, with 70pum (2 ounce) copper, no air flow, according to JESD51-9.

(5) The industry standard for comparison of the output voltage ripple between switching regulators or modules requires a
10pF ceramic (sometimes additional 1puF ceramicin parallel) atthe pointof load where the voltage measurementis done
using an oscilloscope with its probe and probe jack designed for low voltage/high frequency (low impedance)
measurement. The oscilloscopes bandwidth is limited at20MHz.
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TYPICAL PERFORMANCE CURVES

If not otherwise specified, the following conditions apply: Vin = 5V; Cin = 4.7uF X5R ceramic; Cout = 10pF X5R ceramic,
Crr = 22pF, Tavs = 25°C.

RADIATED EMISSIONS EN55032 (CISPR-32) CLASS B COMPLIANT

Measured with module on an Evaluation Board 178010502 in a Fully Anechoic Room (FAR) at 3m antennadistance.

Without inputfilter

70 Radiated Emissions 171010502 (3m Antenna Distance)
V|N = 5V, VOUT = 33V, ILOAD = 1A without input filter
Horizontal Vertical
60

EN55032 Class A limit

i 50 e E— ;
- N ) ) A ---| EN55032 Class B limit
Q40 1
Q2 T
[7p] —
L
S
T 30
3
8, N i
E: “\ J altire

10 L

0

30 100 1000
Frequency [MHZz]
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With input filter

Radiated Emissions 171010502 (3m Antenna Distance)

70 - Vin = 5V, Vour = 3.3V, lioap = 1A
Input Pi-Fllter: 22uF (885012107011), 1.5pH (74438343015)
and 4.7uF (885012107013)

60 - Horizontal  Vertical
— i EN55032 Class Alimit ||
E_ e
S50 e " :
e e e e e B B B '
L e “--| EN55032 Class B limit

—_—
e T
[7)] T—t
@
S
5 30
k5
S 0 N T
@ N
N7
10 o/
0
30 100 1000

Frequency [MHz]

The diagram above refers only to forced PWM mode. Nevertheless similar results would be obtained in PFM/PWM mode
because atthis load current (1A) there is no difference between the two modes.
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EFFICIENCY
171010502 V,y = 5V, Forced PWM Mode Ta = 25°C
100
95
90 //__ﬁ;—— ————
85 //’ —
- - e o Se—- -
< L ldniui bkt T T ~e-a
> 4y =
o 75 ,I_l Vout = 2.5V
) ’
S 10 L {Le Vout= 1.8V
- o ' === Vout= 1.5V
l: === Vout= 1.2V
60 v
v
55 +H#
]
50 -1
0.00 0.25 0.50 0.75 1.00
Output Current [A]
171010502 V,y =5V, PFM/PWM Mode Ta = 25°C
100
95
90 - — — e ———
f—
85 ‘_-------------
— ,\--—--—-¢5::‘__-—---_----- ---Q--------
S 80 WYrw=== T —=ea__ Vout = 3.3V
> ’ ==
% 75 - Vout = 2.5V
S 70 Vout = 1.8V
u o === Vout= 1.5V
=== Vout= 1.2V
60
55
50
0.00 0.25 0.50 0.75 1.00

Output Current [A]
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EFFICIENCY

171010502 V,y = 3.6V, Forced PWM Mode Tp = 25°C

100

--—ﬂ—------hcn---- -
‘-'~-~~-~ -~~-_~~-

'\3' It -

= Tt~ eao Vout = 3.3V
> -

% Vout = 2.5V
S Vout = 1.8V
|

- \/out= 1.5V
=== \/out=1.2V

0.25 0.50 0.75 1.00
Output Current [A]

171010502 V= 3.6V, PFM/PWM Mode Tp = 25°C

100
95 pur—— e — ——
90 T S -\
85 - T bt L —
o X Rl d ---~-~- ‘--~~--
S 80 Te~sec__ Vout = 3.3V
> -
% 75 Vout = 2.5V
% 70 Vout = 1.8V
=== \/out= 1.5V
65
=== \out= 1.2V
60
55
50
0,00 0,25 0,50 0,75 1,00
Output Current [A]
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171010502 V,y = 3.3V, Forced PWM Mode T = 25°C
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Efficiency [%]
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171010502 V,\ = 3.3V, PFM/PWM Mode Tp = 25°C
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e \/out = 2.5V
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Vout = 1.5V
=== Vout= 1.2V
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Vout = 1.8V
Vout = 1.5V
=== Vout= 1.2V
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POWER DISSIPATION

171010502 V,y =5V, Forced PWM Mode T =25°C
0.50

0.45

0.40

0.35

0.30

Vout = 3.3V
Vout = 2.5V
Vout = 1.8V
=== Vout= 1.5V
=== Vout= 1.2V
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171010502 Vn =5V, PFM/PWM Mode Tp =25°C
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g 0.35
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POWER DISSIPATION
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171010502 Vy = 3.6V, Forced PWM Mode Ta =25°C
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171010502 V,y = 3.6V, PFM/PWM Mode Ta =25°C
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POWER DISSIPATION
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171010502 V,y = 3.3V, Forced PWM Mode Tp =25°C
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171010502 Vy = 3.3V, PFM/PWM Mode Ta = 25°C
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Output Current [A]
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171010502 Current Thermal Derating
V|N = 36V, VOUT= 18V, eJA: 150°C/W

1.2

WURTH ELEKTRONIK

=
o

/

o
~

Output current [A]
o
(o))
/ /
/

o
[N

70°C \ 120°d
| /
0 10 20 30 40 50 60 70 80 90 100 110 120 130
Ambient Temperature [°C]
171010502 Current Thermal Derating
V|N = 5V, VOUT: 33V, GJA: 150°C/W
1.2
1.0
<o.s8 \\
< \
g
306 N
5 \
1=
8 0.4 \\
0.2 70°C \ 116°C
0.0 \
0 10 20 30 40 50 60 70 80 90 100 110 120 130

Ambient Temperature [°C]

Note: see Ta limits in Operating Conditions on page 4.
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LOAD REGULATION

171010502 Load Regulation V= 3.6V, Vour=1.8V, Tp =25°C

1.85 :
1.83 -J\A\ i
Z e
o 181 !
g PAM/IPWM Mogde 4@l Forced PWM Mode
2179 E
] 1
© i
1.77 :
! —— PFM/PWM Mode
i = Forced PWM Mode
1.75 : :
0 0.25 05 0.75 1

Output Current [A]

LINE REGULATION
171010502 Line Regulation Vout=1.8V, loyt = 1A, Tp =25°C

1.85

1.84

1.83

1.82

1.81 T ————

1.80

Output wltage [V]
'_\
'\,
©

=
\‘
©®

e Forced PWM Mode

1.76

= PFM/PWM Mode

1.75 :
25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

Input Voltage [V]
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BLOCK DIAGRAM

V

PWM Controller
Driver
uvLo Protections
Compensation network

VRer
0.8V
[, mopEe Ress

PGND PGND EN

\\}—T—I JE—

Cin_|

N

CIRCUIT DESCRIPTION

The Mag3C MicroModule 171010502 is a synchronous step down regulator with integrated MOSFETS, a power inductor and
an input capacitor. The control schemeis based ona ConstantOn-Time (COT) regulation loop. An additional mode for light
load operation can be engaged based on the condition applied to the MODE pin.

The Vout of the regulator is divided by the feedback resistor network Resr and Rres and fed into the FB pin. The internal
comparator compares this signal with the internal 0.8Vreference. If the feedback woltage is below the reference, the high side
MOSFET is turned onfor a fixed on-time.

The constant on-time control scheme does not require compensation circuitry which makes the overall design very simple.
Nevertheless, itrequires a certain minimum ripple atthe feedback pin. The Magl*C Power Module 171010502 generates this
ripple internally and is supported by the Crr capacitor which bypasses AC ripple directly to the feedback pin from the output.
With this architecture very small outputripplevalues under 10mV (similar to currentor voltage mode devices) can be achieved.
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DESIGN FLOW

The next four simple steps will show how to selectthe external components to design the 171010502 application.

Essential Steps

1. Set output voltage
2. Select inputcapacitor
3. Select outputcapacitor
4. Select the feed-forward capacitor
4/ MODULE \ 1
Vin O VIN VOuT * ¢ O Vour
2 EN ResT Crr
4
Cn == 3 ! =—c
IN —— 2 MODE FB —T Cour
2 3
\_PGND PGND J Rreo
EP 6
GhD O —4— ¢ O enD
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Step 1 Setting the output voltage (VouT)

The output voltage is selected with an external resistor divider between VOUT and GND (see circuit below). The voltage
across the lower resistor of the divider is provided to the FB pin and compared with a reference voltage of 0.8V (Veg). The
outputvoltage adjustmentrange is from 0.8Vto 5.5V. The output voltage can be calculated according to the following formula:

Regr
Vour = Ves -(R + 1)
FBB

One resistor mustbe chosen and then the other resistor can be calculated. For example, if Regr = 100kQ then the resistance
value of the lower resistorin the feedback network s indicated in the table below for common outputvoltag es.

Vour 1.2v 1.5V 1.8V 2.5V 3.3V 36V 4.2V
Rrss (E96) | 200kQ | 115kQ | 80.6kQ | 47.5kQ | 32.4kQ | 28.7kQ | 23.7kQ

(" MODULE 1) 1 Vour
Rrer
3
FB
o)
zZ
. e ) 3w
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Step 2 Selectinput capacitor (Cin)

The energy at the inputof the MicroModule is stored in the input capacitor. An input capacitor (4.7uF) is integrated inside the
171010502 MaglRC MicroModule, ensuring good EMI performance and helping protect the internal circuitry from possible
voltage transients. Additional input capacitanceis required externallyto provide cycle-by-cycle switching currentand to support
load transients. The external input capacitor must be placed directly at the VIN pin. For this Magl*C MicroModule it is
recommendedtouse a MLCC (Mutli Layer Ceramic Capacitor) of4.7uF. Attention mustbe paid to the voltage, frequency and
temperature deratings ofthe selected capacitor.

Step 3 Select output capacitor (Cour)

The output capacitor should be selected in order to minimize the output voltage ripple and to provide a stable voltage at the
output. It also affects the loop stability. An external MLCC of 10uF is recommended for all application conditions. Attention
mustbe paid to the woltage, frequency and temperature deratings ofthe selected capacitor.

In general, the output voltage ripple can be calculated using the following equation:

Vour ripple = Al - ESR+AI_ - 1)

8fswCout

where AlLis the inductor current ripple and can be calculated with the following equation:

_ Vout " (Vin-Vout)
A= fsw L Vin @)

Example
In the section OUTPUT VOLTAGE RIPPLE onpage 27 a ripple measurementis shown under the following conditions:

Vin = 3.6V

Vout = 1.8V

L =540nH

fsw = 4MHz

Court = 10yF (external, Wurth Elektronik, part number 885012107014)

Assuming areduction of the capacitance of about 10% due to the bias voltage, a remaining capacitance ofaround 9uF can
be considered. Another assumption can be done for the ESR, which can be considered lowerthan 5mQ.
Using equations (1) and (2), the expected ripple is Vout ripple < 2mV, which matches the results obtained with the measurement
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Step 4 Selectthe feed-forward capacitor (Crr)

The 171010502 MagI3C Micromodule allows for the selection of a feed forward capacitor, Crr, providing a trade-off between
response time and efficiencywhile also affecting the transition currentthreshold between the PFM and PWM modes. A
lower value of Crr willincrease the efficiency of the module atlightload while slowing down the response time. Increasing
the Crr value will speed up the response time while decreasing efficiency. Increasing the value of Cerresults in higher
values of current needed to leave PFM mode.

22pF has been evaluated experimentallyas a value with suitable efficiencyand transientcharacteristics for most
applications.

The pictures below show the transientbehavior of the 171010502 in response to a load transition from OAto 1A using the
recommended Crr=22pF, as well as other values of Crr.

A highervalue of Cgr helps to reduce the over and undershootjustafter the load transitions and allows the module to settle
to the regulated outputwvoltage inless time.

Load Transient V,y =5V, VouTt = 3.3V, from 0A to 1A, Forced PWM Mode, Ta = 25°C

1,6 200
1,4
1,2 touT 150
1,0 LT
0,8 | 100 <
= 06 t E
= 04 ! 50 9
§ 0.2 1
S 00 = 0o &
o 8
=] -0,2 §
= - —
ERo 177 ® 3
-0,8 I Crr = 10pF L .100 8
10 / Crr = 22pF
1.2 v Crr = 100071 45
_1:4 Vout Crr = 220pF
1.6 200
0 10 20 30 40 50 60
Time [ps]
Load Transient V|y =5V, Vout = 3.3V, from 1A to OA, Forced PWM Mode, Ty =25°C
1,6 200
1,4
1,2 [\ Vour 150
10 loyT . \
0.8 ‘h‘\\\ 100 <
— 06 E
< 04 LR\ N 50 O
£ 02 L — 2
o O A\ -
5 00 ( o 9
- 02 £
5 0, 2
204 50 =
o
0 06 - £
0,8 Cer=10pF | .100 ©
1,0 Crr = 22pF
Crr = 100pF
1,2 - -150
1,4 Crr = 220p|:
1.6 -200
0 10 20 30 40 50 60
Time [ps]

This behavioris valid only for this test underthe specified conditions and mustbe verified in the real application.
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The Crr value only affects the efficiency during lightload conditions when the PFM/IPWM mode is chosen.

As explainedin the section LIGHT LOAD OPERATION on page 23, underlightload operation while PFMIPWM mode is
selected (MODE pin tied to GND), the device does not continuouslyswitch, instead delivering energyto the load in bursts.
The frequency between bursts is influenced byvarious parameters, including the Crrvalue. The LIGHT LOAD OPERATION
section provides a more in-depth explanation of the additional parameters which affect behavior in this region.

Vi = 3.6V, Vour = 1.8V, lgyr = 50MA, Cee = 22pF PFM Mode Vi = 3.6V, Vour = 18V, lgyr = 50mA, Cee = 220pF PFM Mode

9us — 110kHz 6.5us —» 150kHz
4 : : 4 e Ty

. (lnand 1) I

Switch Node Voltage [V]
~

Switch Node Voltage [V]
~

0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time [us] Time [us]

Increasing Crr will cause the module to burstmore often (shown in the two images abowve) resulting in adecrease in light
load efficiency as depicted in the diagram below. In addition, increasing the Crr value will resultin an increase in the current
threshold required to exit PFM mode, also shown below as a difference ofalmost 100mA.

90 LT
. /\/t
. /4
w /)
o /)
. payi
 /
i

v
70 /
68 /
66 / —22F

/ — 220pF

0,001 0,01 0,1
Output Current [A]

=]

Efficiency [%]
~
©

~
o

While the recommended Crr value of 22pF will work for mostapplications, the user can adjustthe performance ofthe module
based on their application by trading between light load efficiency and transientresponse. This customization tailors the
behavior of the module to the application’s needs.
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MODES OF OPERATION

The MODE pin of the 171010502 can be pulled either high or low to alter the lightload performance of the module based on
the application requirements.

Forced PWM mode
Pulling the MODE pin high selects the forced PWMmode. In this mode the device constantlyfunctions in PWMmode, switching

at the default4 MHz fixed switching frequency, independently of the load (see figure below). This mode of operation eases
the filtering requirements to help with noise sensitive applications.

Vi = 3.6V, Vgur = 1.8V, lgyr = 100mA, forced PWM Mode

0,6 -

1, fSW !
>
il

0,4

AAAANAAANAAANAAANARAA

o
[N

Oy vV VYV VYV VYV VY VvV VYV VYV

Inductor Current [A]

fsw = 4MHz

Time [us]

Behavior at varying input voltages

During PWM operation, if the duty cycle is under a certain value, typically 76%, the module controls the off-time based on the
feedback ripple compared to an internal reference that utilizes the inductor ripple. The on-time is fixed and depends on Vin
and Vout as well as the fixed switching frequencyof 4MHz, as indicated by the following equation:

_ Vout
ton = Vinx* fsw
When the inputvoltage decreases (such as with a discharging battery) the duty cycle will increase to deliver the same amount
of powerto the load. When the duty cycle reaches a critical point, typically 76%, the module transitions to a fixed off-time mode
where it controls the low-side switch using the feedback ripple and internal comparator, keeping the low-side switch off for a
fixed 60ns and varying the on-time to meet the duty cycle requirements and output voltage. This results in a decrease of
switching frequencyas the duty cycle continues to increase.

If the input voltage decreases further and the difference between the inputvoltage and outputvoltage is not significantlylarge,
suchthat the duty cycle approaches 100% operation, the module enters a drop-out mode of operation, leaving the high-side
switch on continuously and regulating the output voltage using the combined DC resistance of the high -side switch and the
integrated inductor.
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PFAM/PWM mode

Setting the MODE pin low selects the PFM/PWM mode. This mode provides a much higher efficiencyat lightloads (shown in
the picture below) by using PFM mode to save energy.

171010502 Vin = 5V Vout = 1.8V, PFM vs Forced PWM Mode, Ta= 25°C
100

70 /
6 el

50 yd

w0 s

30 /

20 /

Efficiency [%]

10 = PEM Mode
0 o= Forced PWM Mode
0,001 0,01 0,1

Output Current [A]

During PFM mode the module delivers energyin shortbursts to the load (see the figure below). Within each burs tthe device
switches atthe default switching frequencyand the energy is delivered to both the load and the output capacitor. In between
bursts, the device experiences a period where both the high side and low side switches are in an off state. The load demands
are suppliedexclusivelyby the outputcapacitor during this time and the currentconsumptionofthe device drops dramatically
until the feedback system triggers the nextcycle. This behavior results in higher efficiencythan traditional PWM operation can
deliver.

Vi = 3.6V, Vour = 1.8V, Igyr = 50mA, PFM Mode

1,0 20
0,9 L 10
08 1 \ f f I 0

' i | uH" %
=07 L — 10 =
< 0 fow 1 il
20,6 it fourst ; 20 &
o i gl =]
= o
8 0,5 | ‘ l Il -30 8
So4 -40 3
(&} ’ o
> [o]
203 -50 §
fow = 4MHz @
0,2 60 L

o1 faurst = 75kH7 -

o
=)
.
o9
)

0 2 4 6 8 10 12 14 16 18 20 22 24
Time [us]
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Vin = 3.6V, Vour = 1.8V, loyr = 100mA, PFM Mode
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Please consider thatthe dead times shown above are examples and measured values are heavily dependent on several
parameters including the output capacitor, routing techniques, distance between the outputcapacitor and load, and the feed-

forward capacitor.

The device transitions from PFM to PWM mode automaticallywhen the dead time approaches zero, resuming constant
switching behavior atthe default switching frequencyof 4MHz.
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OUTPUT VOLTAGE RIPPLE

The output voltage ripple is also influenced by the selection of the MODE pin. If the forced PWM mode is selected and the
duty cycle is below 76%, the ripple is very low and it always has the same frequency as the internal oscillator (4 MHz2). If the
PFM/PWM mode is selected and the load currentis low enough to be in the PFM mode of operation or if the duty cycle is high
enough to enter the constantoff-time mode of operation then the output voltage ripple will be higherand the frequency lower
than the nominal switching frequency(see pictures below).

Ripple in PFM/PWM mode

Vi = 3.6V, Vour = 1.8V, loyr = 100mA Coyr = 10uF PFM Mode

100
80 . .
_ 60 s fovesr]_
2 40 65mV
P N N NN Y N )
SN AN AN AW AW AN AW AW |
g -20 \I \\l \ \I \l \, \l
2 N N N \'/ \'
é -40
© 60
fsw = 4MHz fpurst = 126kHz
-80
-100
0 10 20 30 40 50
Time [ps]

Ripple in forced PWM mode

Vi = 3.6V, Vour = 1.8V, lour = 100mA Coyr = 10uF Forced PWM Mode
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PROTECTIVE FEATURES
Overcurrent protection (OCP)

For protection againstloadfaults, the MagIl*C MicroModule incorporates a cycle-by-cycle currentlimiting (see locpin “Electrical
Specification” on page 5). During switching, the output current is limited by turning off the high-side switch when the current
limit value is detected. This switching behavior continues, limiting the on-time of the device until the overcurrent condition is
removed. When the overcurrent condition is removed normal switching times resumes. The outputvoltage is reduced to zero
until the current no longer exceeds the limit.

Vin = 3.6V, Vour= 1.8V, lour > 2A
10 3

overcurrent

Output Voltage [V]
s
Output Current [A]

output voltage drop

0 2 4 6 8 10 12
Time [ms]

Short-circuit protection (SCP)

When the MagIlRC MicroModule experiences a short-circuitcondition atthe outputit will limitthe current, typically to 2.2A,
until the thermal protection circuit shuts the module off. If the short-circuitcondition is removed, normal switching operation
will begin if the module temperature is notexceeding the thermal shutdown threshold.

Vin = 3.6V, Vour = 1.8V, short circuit
10 3

/ short circuit event
s / current limited
= 2 g
S 3
g« g
3 13
output voltage drop
2
0 0
0 2 4 6 8 10 12
Time [ms]
we-online.com Wirth Elektronik eiSos GmbH & Co. KG — Data Sheet Rev. 1.0

© January 2019 28/39



171010502
O

— —_—0—
Mag I*C Power Module :wi—o-:

VDMM - Variable Step Down MicroModule — R o
WURTH ELEKTRONIK

Over temperature protection (OTP)

Thermal protection helps prevent catastrophic failures due to accidental device overheating. The junction temperature of the
Magl*C MicroModule should notbe allowed to exceed its maximum ratings. Thermal protection is implemented byan internal
thermal shutdown circuit, which activates when the junction temperature reaches 160°C (typ). Under the thermal shutdown
condition both MOSFETs remain off causing Vour to drop. When the junction temperature falls below 150°C the internal soft-
startis released, Vout rises smoothly,and normal operation resumes.

Input undervoltage lockout

The device incorporates underwoltage lockout (UVLO) to protect unexpected behavior at input voltages below the
recommended values. The thresholds ofthe UVLO are indicated in the Electrical Specifications on page 5.

Soft-Start

The 171010502 implements an internal soft-startin orderto limitthe inrush currentand avoid outputvoltage overshootduring
start-up. The typical duration of the soft-startis around 100us (see figure below).

Vi = 3.6V, Vour = 1.8V

Ven

VH\lv VOUT [\/]

VOUT

/ tss |

0 100 200 300 400 500 600
Time [us]

Enable

The 171010502 MagI*C MicroModule is enabled by setting the pin EN high. After setting EN high the module prepares for
operation, a process which takes roughly 100usec. Once prepared, the module begins switching and the internal soft-start
regulates the outputvoltage rise until the desired outputvoltage is metallowing normal operation to take place.
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LAYOUT RECOMMENDATION
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The picture above shows a possible layout for the 171010502 Magl*C MicroModule. Nevertheless, some recommendations
should be followed when designing the layout:

1. The exposed padshould be connected to the bottom copper layer of the circuitboard with enough vias to assistthe
module in dissipating heatduring operation. The above example uses 9 vias each with a drill diameter of 200pum .

2. Theinputand outputcapacitors should be placed as close as possible to the VIN and VOUT pins of the device.

3. The feedbackresistordivider should be placed as close as possible to the FB pin

4. Pins5and?2 (EN and MODE respectively) mustbe always connected to either Viy or ground and they cannotbe left
floating (an example is shown in the layout depicted above, where EN and MODE pins are respectivelyconnected to
Vin and ground).
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EVALUATION BOARD SCHEMATIC

na MODULE 1
Vin O . +—1 VIN vouT * O Vour
J32 l Rest Cer
I o =N
e E E 3
+ 1o FB|
C, e C, —— f o | MODE —_C;
Lp \_PGND PGND )
Ep 6 Rrss
GND O ¢ —4- ¢ O GND

Operational Requirements

The additional aluminum polymer capacitor C1is onlyfor evaluation board protection purposes. Itis mounted atthe termination
of the supplyline and provides slight damping of possible oscillations of the series resonance circuit represented by the
inductance of the supplyline and the input capacitance. It is not essential for operation butwill provide better performance in
a testing environment.

Bill of Material
Designator Description Quantity Order Code Manufacturer
IC1 MagI*C MicroModule 1 171010502 Wirth Elektronik
Ci1 Aluminum Polymer Capacitor 220uF/10V 1 875105244013 Wirth Elektronik
C2 Ceramic chip capacitor 4.7uF/16V X5R, 0805 1 885012107013 Wiirth Elektronik
Cs Ceramic chip capacitor 10puF/16V X5R, 0805 1 885012107014 Wiirth Elektronik
Ceramic chip capacitor 10puF/10V X5R, 0805(*) 885012107010 Wiirth Elektronik
Crr Ceramic chip capacitor 22pF/25V NPO/COG 0603 1
Resr 24 9 kQ 1
open for Vour = 0.8V
97.6 kQ for Vour = 1.0V 1
48.7 kQ for Vour = 1.2V 1
Set 28 kQ for Vour =1.5V 1
Ress by 19.6 kQ for Vout = 1.8V 1
. 11.5kQ for Vout =2.5V 1
jumper
7.87 kQ for Vour =3.3V 1
To be soldered for adjustable output
voltage Rpgg= VSUFfT
Sl
I Jumper for MODE connection to either 1
VIN (Forced PWM) or GND (PFM/PWM)
12 Jumper for EN connection to either 1
VIN (device enabled) or GND (device disabled)

(*) alternative recommended part
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HANDLING RECOMMENDATIONS

1. The powermoduleis classified as MSL1 (JEDEC Moisture Sensitivity Level 1) and requires special handling due to
moisture sensitivity (JEDEC J-STD033).

2. The parts are delivered in a sealed bag (Moisture Barrier Bags = MBB) and should be processed within one year.

3. When opening the moisture barrier bag check the Humidity Indicator Card (HIC) for color status. Bake parts prior to
solderingin case indicator color has changed according to the notes on the card.

4, Parts musthbe processed after 168 hour (7 days) of floor life. Once this time has been exceeded, bake parts prior to
soldering per JEDEC J-STD033 recommendation.

SOLDER PROFILE

Only Pb-Free assemblyis recommended according to JEDEC J-STD020.

Measure the peak reflow temperature ofthe MagRBC MicroModule in the middle ofthe top view.
Ensure that the peak reflow temperature does notexceed 235°C +5°C as per JEDEC J-STD020.
The reflowtime period during peak temperature of 235°C £5°C mustnotexceed 20 seconds.
Reflow time above liquidus (217°C) mustnotexceed 90 seconds.

Maximum ramp up is rate 3°C per second.

Maximum ramp down rate is 3°C persecond.

Reflow time from room (25°C) to peak mustnotexceed 8 minutes as per JEDEC J-STD020.
Maximum numbers of reflow cycles is three.

For minimum risk, solder the module in the last reflow cycle of the PCB production.

11. For soldering process please considerlead material copper (Cu) and lead finish tin (Sn).

12. For solder paste use a LFM-48W or Indium based SAC 305 alloy (Sn 96.5/Ag 3.0/ Cu 0.5/ Indium 8.9HF / Type 3
/ 89%) type 3 or higher.

COX® N AWNE

13. The profile shown below is valid for convection reflow only.
14. Other soldering methods (e.g.vapor phase) are not verified and have to be validated by the customer at their own
risk.
t Peak Max 20 sec
Max 240 q----------————--—————- -y T "
Ramp Up Rate Ramp Down Rate
Max 3°C/sec Liquidus Max 3°C/sec
S Y A il I N
> "~ Max90sec
% 180 4---—~—————————————— Z Min 60 sec
@
Qo
5
~ 150 4----- Preheat
' Max 90 sec
Min 60 sec Max 3 solder cycles !
Time [sec]
we-online.com Wiirth Elektronik eiSos GmbH & Co. KG — Data Sheet Rev. 1.0

© January 2019 32/39




171010502

o_
Mag I*C Power Module :wi—o-:
VDMM - Variable Step Down MicroModule L _/___ AR

WURTH ELEKTRONIK

PHYSICAL DIMENSIONS
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PACKAGING
Reel (mm)
W3
—
W1
close to center
<|=| BB
r
A B C D N W1 W2 W3
tolerance typ. min. +0.8 min. min. +1.5 max. min.
Tape width | 24mm [ 178.00 | 1.50 13.00 | 20.20 | 50.00 8.40 14.40 7.90

detail A

20P
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Tape (mm)
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oo P2 ___I__.L
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\ | | |
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/ | W \‘L/l /
T f T f
EaoE== rwﬂ‘“ = . ]
\ Y
\ | |
bl 1l e |
ST I T (. ]
ST N P 1.
— — = top cover
"'\..: _"-.I Zza_—% r oo
D1 AD K0 T1
P1 T2
A0 | BO| W | P1 T T1 | T2 | DO | E1 | E2 F PO | P2 Tape Packaging Unit
tolerance +0.1 | +0.1 | #0.1 | #0.1 | +0.05 | max. | typ. | #0.1 | #0.1 | min. | +0.1 | +0.1 | +0.05
size | 1210 | 2.75]3.45]8.00| 400 | 0.22 | 0.10 | 2.20| 1.50 | 1.75 | 6.25 | 3.50 | 4.00 | 2.00 Polystyrene 2000
End Feeding direction ——= Start Carrier tape
) \ \ Covert
B < ) m {+ &) B & gf oo
! ! N A}
- b ! —fh- /
LJLJR g k LJLJK n
',
No Component Components Mo Component
min. 160 mm min. 100 mm
C_overTape
Packaging is referred to the international standard IEC 60286-3; 2013 min. 400 mm
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CAUTIONS AND WARNINGS

The following conditions apply to all goods within the product series of MaglRC of
Wirth Elektronik eiSos GmbH & Co. KG:

General:

» All recommendations according to the general technical specifications ofthe data-sheethave to be complied with.

» The usage and operation ofthe productwithin ambientconditions which probablyalloy or harm the component surface has
to be avoided.

* Electronic components that will be used in safety-critical or high-reliability applications, should be pre-evaluated by the
customer.

» The componentis designed and manufactured to be used within the datasheetspecified values. If the usage and operation
conditions specified in the datasheetare not met,the componentmaybe damaged ordissolved.

» Do not drop orimpactthe components as material ofthe body, pins or termination mayflake apart.

» Wiirth Elektronik products are qualifiedaccording to international standards, which are listed in each productreliability report
Wirth Elektronik does notwarrantany customer qualified product characteristics beyond Wurth Elektroniks’s pecifications, for
its validity and sustainabilityover time.

» The responsibility for the applicability of the customer specific products and use in a particular customer design is always
within the authority of the customer. All technical specifications for standard products also applyto customer specific products.
» Customeracknowledges and agrees thatit is solely responsible for compliance with all legal, regulatory and safety-related
requirements concerning its products, and anyuse of Wirth Elektronik eiSos GmbH & Co.KG componentsin its applications,
notwithstanding anyapplications-related information or supportthat may be provided by Wiirth Elektronik eiSos GmbH & Co.
KG. Customer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences offailures, monitor failures and their consequences lessen the likelihood of failures that
might cause harm and take appropriate remedial actions. Customer will fully indemnify Wiirth Elektronik eiSos and its
representatives against any damages arising out of the use of any Wirth Elektronik eiSos GmbH & Co. KG components in
safety-critical applications.

Product specific:

Follow allinstructions mentioned in the datasheet, especially:

» The solder profile has to complywith the technical reflow or wave soldering specification, otherwise this willvoid the wa rranty.
« All products are supposed to be used before the end of the period of 12 months based on the productdate-code.

* Violation of the technical product specifications such as exceeding the absolute maximum ratings will void the warranty.

« It is also recommended to return the body to the original moisture proofbag and reseal the moisture proofbag again.

» ESD prevention methods need to be followed for manual handling and processing bymachinery.

» Residual washing varnish agentthatis used during the production to clean the application mightchange the characteristics
of the body, pins or termination. The washing varnish agent could have a negative effect on the long term function of the
product.

* Direct mechanical impactto the productshall be prevented as the material ofthe body, pins or termination could flake or in
the worstcase itcould break. As these devices are sensitive to electrostatic discharge customer shallfollow proper IC Handling
Procedures.

DISCLAIMER

This electroniccomponenthas been designed and developed for usage in general electronic equipme ntonly. This productis
not authorized for use in equipmentwhere a higher safety standard and reliabilitystandard is especiallyrequired or where a
failure of the productis reasonablyexpected to cause severe personal injuryor death, unless the partie s have executed an
agreementspecificallygoverning such use.

Moreover Wirth Elektronik eiSos GmbH & Co KG products are neither designed norintended for use in areas such as
military, aerospace, aviation, nuclear control, submarine, transportation (automotive control, train control, ship control),
transportation signal, disaster prevention, medical, public information network etc.. Wirth Elektronik eiSos GmbH & Co KG
mustbe informed aboutthe intent of such usage before the design-in stage. In addition, sufficientreliabilityevaluation
checks for safety mustbe performed on every electronic componentwhichis used in electrical circuits thatrequire high
safety and reliabilityfunctions or performance.

These cautions and warnings complywith the state of the scientific and technical knowledge and are believed to be accurate
and reliable. However, no responsibilityis assumed forinaccuracies orincompleteness.
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IMPORTANT NOTES
The following conditions apply to all goods within the product range of Wirth Elektronik eiSos GmbH & Co. KG:

1. General Customer Responsibility

Some goods within the product range of Wirth Elektronik eiSos GmbH & Co. KG contain statements regarding general
suitability for certain application areas. These statements about suitability are based on our knowledge and experience of
typical requirements concerning the areas, serve as general guidance and cannotbe estimated as binding statements about
the suitability for a customer application. The responsibility for the applicability and use in a particular customer design is
always solely within the authority of the customer. Due to this fact it is up to the customer to evaluate, where appropriate o
investigate and decide whether the device with the specific product characteristics described in the product specification is
valid and suitable for the respective customer application or not. Accordingly, the customer is cautioned to verify that the
datasheetis currentbefore placing orders.

2. Customer Responsibility related to Specific, in particular Safety-Relevant Applications

It has to be clearly pointed out that the possibility of a malfunction of electronic components or failure before the end of the
usual lifetime cannotbe completelyeliminated in the currentstate ofthe art, even if the products are operated within the range
of the specifications. In certain customer applications requiring a very high level of safety and especially in customer
applications in which the malfunction or failure of an electronic component could endanger human life or health it must be
ensured bymostadvanced technologicalaid of suitable designofthe customer application thatno injuryor damage is caused
to third parties in the event of malfunction or failure of an electronic component.

3. Best Care and Attention
Any product-specific notes, warnings and cautions mustbe strictly observed. Any disregard will resultin the loss of warranty.

4. Customer Support for Product Specifications

Some products within the product range may contain substances which are subject to restrictions in certain jurisdictions in
order to serve specific technical requirements. Necessary information is available on request. In this case the field sales
engineerorthe internal sales person in charge should be contacted who will be happy to supportin this matter.

5. Product R&D

Due to constantproductimprovementproduct specifications maychange from time totime. As a standard reporting procedure
of the Product Change Notification (PCN) according to the JEDEC-Standard we inform about minor and major changes. In
case offurther queries regardingthe PCN, the field sales engineer or the internal sales personin charge should be contacted.
The basic responsibilityof the customer as per Section 1 and 2 remains unaffected.

6. Product Life Cycle

Due to technical progress and economical evaluation we also reserve the right to discontinue production and delivery of
products. As a standard reporting procedure ofthe Product Termination Notification (PTN) according to the JEDEC -Standard
we willinform atan earlystage aboutinevitable productdiscontinuance. According to this we cannotguarantee thatall products
within our productrange will always be available. Therefore it needs to be verified with the field sales engineer orthe internal
sales personin charge aboutthe current productavailability expectancy before or when the productfor application design-in
disposal is considered. The approach named above does not applyin the case of individual agreements deviating from the
foregoing for customer-specific products.

7. Property Rights

All the rights for contractual products produced byWiirth Elektronik eiSos GmbH & Co. KG on the basis ofideas, development
contracts as well as models ortemplates thatare subjectto copyright, patentor commercial protection supplied to the customer
will remain with Wiirth Elektronik eiSos GmbH & Co. KG. Wiirth Elektronik eiSos GmbH & Co. KG does notwarrantor represent
that anylicense, eitherexpressed orimplied, is granted under any patentright, copyright, mask work right, or otherintell ectual
property rightrelating to anycombination, application, or process in which Wirth Elektronik eiSos GmbH & Co. KG components
or services are used.

8. General Terms and Conditions
Unless otherwise agreed in individual contracts, all orders are subjectto the current version of the “General Terms and
Conditions of Wiirth Elektronik eiSos Group”, lastversion available at www.we-online.com.
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