171010550

Mag*C Power Module
VDMM 1 Variable Step Down MicroModule

2.5Vi 55V [/ 1.2A / 0.8Vi 5.5V Output

DESCRIPTION

The VDMM 171010550 MagI*C MicroModule provides a
fully integrated DC-DC power supply including the
switching  regulator with  integrated MOSFETS,
compensation, and shielded inductor in one package.

The 171010550 offers high efficiency and delivers up to
1.2A 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 PWM or PFM/PWM mode allows for
the choice between high efficiency and low output voltage
ripple at light load.

Itis available in an LGA-6EP package (2.5 x 2.5 x 1.2mm).

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

TYPICAL APPLICATIONS

1 General point of load power supply for low power
systems

Replacement of linear regulators

DSP and FPGA power supply auxiliary voltages
Portable instruments

Battery powered equipment
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FEATURES

Peak efficiency up to 96%

Output current up to 1.2A

Input voltage range: 2.5V to 5.5V

Output voltage range: 0.8V to 5.5V

25 pA typical quiescent current

Integrated shielded inductor

Low output voltage ripple: £6mV typ.

Output voltage accuracy over temperature: 2% max.
Fixed switching frequency: 4 MHz

Constant On-Time control

Synchronous operation

Selectable forced PWM or PFM/PWM mode
Undervoltage lockout protection (UVLO)
Embedded soft-start

Thermal shutdown

Short-circuit protection

Cycle-by-cycle current limit

RoHS and REACh compliant

Operating ambient temperature up to 85°C
Operating junction temp. range: -40 to 125°C
Complies with EN55032 class B radiated emissions
standard
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MARKING DESCRIPTION

MARKING | DESCRIPTION

‘WE Pin 1 Indicator + Logo
010550 Order Code

XXYYZ Year + Week + Lot Number

PIN DESCRIPTION

SYMBOL | NUMBER TYPE DESCRIPTION
kB 1 Input Feedback pin. This pin must be connected to the external resistor divider
P (between VOUT and GND) to adjust the output voltage.
Forced PWM or PFM/PWM mode selection pin. Setting this pin high, the
MODE 5 Input forced PWM mode is selected for any load current. Setting this pin low,
P PFM/PWM is selected, with the transition automatically between the two
operations according to the load. This pin must not be left floating.
EN 3 Input Enable pin. Setting this pin high enables the device, while setting this pin low
P shuts down the device. This pin must not be left floating.
VIN 4 Power Input voltage. Place the input capacitor as close as possible.
PGND 5 Power Power Ground. It must be connected to the ground plane and the Thermal
Pad.
VOUT 6 Power Output voltage. Place output capacitors as clos.,e a_s possible. For best
thermal performance use copper plane(s) at this pin.
PGND Ep Exposed Pad Exposed Pad. This pin is mternally electrically connectgd to PGNP. .It |s.
recommended to connect it to the ground plane for device heat dissipation.
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ORDERING INFORMATION
ORDER CODE SPECIFICATIONS PACKAGE PACKAGING UNIT
171010550 1.2A / 0.8-5.5Vout version LGA-6EP 70 Reel (1000
178010550 1.2A / 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) 7942 9450
www.we-online.com/powermodules

Technical support: powermodules@we-online.com
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ABSOLUTE MAXIMUM RATINGS

Caution:

Exceeding the listed absolute maximum ratings may affect the device negatively and may cause permanent damage.

SYMBOL PARAMETER LIMITS UNIT
MIN @ MAX @)
VIN Input voltage -0.3 6 \%
VOUT Output voltage -0.3 Vin+0.3 \%
FB Feedback pin -0.3 Vin+0.3 \%
EN Enable pin -0.15 Vin+0.3 \Y,
MODE Mode pin -0.3 Vin+0.3 \%
Tstorage Assembled, non-operating storage temperature -65 150 °C
VEesDp ESD voltage (HBM), all pins -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°C to 85°C. Typical values represent
statistically the utmost probable values at the following conditions: Vin = 5V, Vout = 1.8V, Cin = 4.7uF ceramic, Cout =10uF
ceramic, unless otherwise noted.

SYMBOL PARAMETER MIN® | TYP®@ | MAX® UNIT
ViN Input voltage 2.5 - 55 \%
Vour Output voltage (depending on the external resistor divider) 0.8 - 5.5 \%
Ta Ambient temperature range -40 - 85® °C
Tiop Junction temperature range -40 - 125 °C
lout Nominal output current 1.2 A
THERMAL SPECIFICATIONS
SYMBOL PARAMETER TYP @ UNIT
DA Junction-to-ambient thermal resistance 110 KW
P ic Junction-to-case (exposed pad) thermal resistance 82 KW
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 ambient temperature range of -40°C to 85°C. Typical values represents
statistically the utmost probable values at the following conditions: Vin = 5V, Vout = 1.8V, Cin = 4.7puF ceramic, Cout =10uF
ceramic, unless otherwise noted.

SYMBOL |  PARAMETER | TEST CONDITIONS | MIN® [ TYP@ | MAX® | UNIT
Output current
locp ‘ Overcurrent protection ‘ Ta=25°C ‘ 15 ‘ 2.3 ‘ 3.0 ‘ A
Output accuracy
Reference voltage Ta=25°C 0.784 0.8 0.816 \%
Vi p . "
e Reference voltage 40ACA®D 8T5AC 0784 | 08 | 0816 v
over temperature
F ki i
s eedback input bias i 0 50 nA
current
Line regulation Vin = VouT+1V to 5.5V, MODE = low - 0.04 0.2 %IV
Load regulation 500mA < lLoap < 1A - -0.9 - %IA
Vin = 3.6V, Vour = 1.8V, lout = 100mA
Vour MODE = high, 20MHz BW, - 6 - mV
Output voltage ripple Ta=25°CH
P 9eTIPPI® VN =36V, Vour = 1.8V, lour = 100mA
MODE = low, 20MHz BW, - 65 - mV
Ta = 25°C®
Switching frequency
fsw Switching frequency ‘ 3.6 ‘ 4 ‘ 4.4 ‘ MHz
Enable and undervoltage lockout
Vin undervoltage VN increasing 2 2.25 2.4 Y
v threshold Vin decreasing - 2 - \Y
uvLO
Vin unde.rvoltage Ta = 25°C i 175 i mv
hysteresis
. Enable loglc high voltage i 085 i Vv
Enable threshold trip Ta=25°C
VENABLE . -
point Enable logic low voltage 075 Vv
Ta=25°C '
| Enable pin input Enable = high, Ta = 25°C - 0.1 - HA
EVELE | current Enable = low, Ta = 25°C - 0.1 - A
MODE selection
. Mode Iooglc high voltage i 085 i v
MODE threshold trip Ta=25°C
VmobE . -
point Mode logic low voltage i 0.75 i v
Ta=25°C ’
| MODE pin input MODE = high, Ta = 25°C - 0.1 - HA
MopE current MODE = low, Ta = 25°C - 0.1 - A
Soft-Start
tss Soft-start time Ta = 25°C (rising edge to 95% of Vour) ‘ ‘ 128 ‘ ‘ us
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ELECTRICAL SPECIFICATIONS

MIN and MAX limits are valid for the recommended ambient temperature range of -40°C to 85°C. Typical values represents
statistically the utmost probable values at the following conditions: Vin = 5V, Vour = 1.8V, Civ = 4.7puF ceramic, Cout =10uF
ceramic, unless otherwise noted.

SYMBOL PARAMETER TEST CONDITIONS | MIN @ \ TYP @ \ MAX @) | UNIT
Efficiency
Vin = 3.6V, Vour = 1.8V,
- - 0,
lout = 50mA MODE = low 87 &
Vin =5V, Vour = 3.3V,
- - 0,
lout = 50mA MODE = low 90 &
- Vin = 3.6V, Vour = 1.8V,
- - 0,
q Efficiency lout = 200mA, MODE = high 88 %
Vin = 5V, Vour = 3.3V, . i 9 i %
lout = 200mA, MODE = high
Vin = 3.6V, Vourt = 3.3V, i 96 i %
lout = 200mA, MODE = low
Input quiescent/shutdown current
Isp Shutdown quiescent VenagLe = low, Ta = 25°C, ViN = 5V - 0.1 - HA
current
Isp Shutdown quiescent VenseLe = low, Ta = 25°C, Vin = 2.5V - 0.09 - HA
current
MODE = high, EN = high,
switching with no load, - 21 - A
Vin = 2.5V, Ta=25°C
MODE = low, EN = high,
switching with no load, - 0.03 - HA
| No load input current Vin = 2.5V, Ta = 25°C
& P MODE = high, EN = high,
no switching, - 11 - HA
ViNn =5V, Ta=25°C
MODE = low, EN = high,
no switching, - 0.03 - HA
ViNn =5V, Ta=25°C
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RoHS, REAChHh
ROHS Directive 2011/65/EU of the European Parliament and the Council of June
directive 8th, 2011 on the restriction of the use of certain hazardous substances in

COMPLIANT | electrical and electronic equipment.
h

TN D
URTH ELEK

Directive 1907/2006/EU of the European Parliament and the Council of
June 1st, 2007 regarding the Registration, Evaluation, Authorization and
Restriction of Chemicals (REACH).

REAChHh
directive

PACKAGE SPECIFICATIONS

ITEM PARAMETER TYP®@ UNIT
Mold Compound EME-A382, UL94V-0 - -
Weight - 0.0204 g

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 ambient temperature and represent statistically the utmost probable values assuming
a Gaussian distribution.

(3) Depending on heat sink design, number of PCB layers, copper thickness and air flow.

(4) Measured on the 178010550 evaluation board, a 40 x 40 mm two layer board, with 35um (1 ounce) copper.

(5) The industry standard for comparison of the output voltage ripple between switching regulators or modules requires a
10uF ceramic (sometimes additional 1uF ceramic in parallel) at the point of load where the voltage measurement is done
using an oscilloscope with its probe and probe jack designed for low voltage/high frequency (low impedance)
measurement. The oscilloscopes bandwidth is limited at 20MHz.
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TYPICAL PERFORMANCE CURVES

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

RADIATED EMISSIONS EN55032 (CISPR-32) CLASS B COMPLIANT
Measured with module on an Evaluation Board 178010550 in a Fully Anechoic Room (FAR) at 3m antenna distance.

TEST SETUP

Input wire length:
A Radiated Emission: 160cm (80cm Horizontal + 80cm Vertical)

Output wire length (Radiated Emission):
A Short wire (without input filter) : Load directly on evaluation board
A Long wire (with input filter) : 1m

SHORT WIRE (without input filter)

70 —
Radiated Emissions 171010550 (3m Antenna Distance)
Vin = 5V, Vour = 3.3V, lLoap = 1.2A without input filter
Horizontal Vertical
60 —
i EN55032 Class A limit

50 e
=35 O O O EN55032 Class B limit
:F
S 40 — —
2] \\\
c
S —
2] I ——
R
£
]
=l 30
j&)
©
=
& o

LT
N 1 Y, ot
20 \ u
10 :
0
30 100 1000
Frequency [MHz]
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LONG WIRE (with input filter)

70 —
Radiated Emissions 171010550 (3m Antenna Distance)
Vin =5V, Vour = 3.3V, lLoap = 1.2A with input filter
Cr = 10pF (885012208069), CMC = 2 x 250uH (744224)
Horizontal Vertical
60 —
EN55032 Class A limit

50 e ——
= s EN55032 Class B limit
=
g ——
= 40 —1
7] —
c
S [ ——
7] —
B2
£
(1T}
oS 30
L
S
he]
g rH

Aot
20 ‘I\\Q\ l ) ' ‘m (N L |r| ﬂnﬂ.ﬂ A
Sl
10 : W v
0
30 100 1000

Frequency [MHZz]

The diagram above refers only to forced PWM mode. Nevertheless similar results would be obtained in PFM/PWM mode
because at this load current (1.2A) there is no difference between the two modes.

When using long wires at the output, common mode current occur and contribute to the radiated interference. To reduce this
aspect a common mode choke at the input wires is placed. It also avoids radiation from the input wires. In a practical point of
load application, the common mode choke is not necessary as the module is placed directly at the load. In case the application
cannot avoid long wires at input or output, the common mode choke is a practical solution to meet the meet the EMI standard
limit.
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EFFICIENCY
171010550 V,\ =5V, Forced PWM Mode, Ta = 25/C
100
95
/
—
-——-T- === S —— —T\
= :’_———‘ ............. T - -\
= i T <o _ Vout = 3.3V
> Rl TS y
% Sl Vout = 2.5V
% Vout = 1.8V
= = =Vout= 1.5V
----- Vout= 1.2V
04 0.6 0.8 1 1.2
Output Current [A]
171010550 V,y =5V, PFM / PWM Mode, Ta = 25/C
100
95
90
P’r *-\
85 — e ———
—m—m—mmmmL - T TS e, —_—- \
'\E' / - - - = P it - - --‘~~‘
o, 80 rd - “-_~ -~~~ Vout = 3.3V
> / S-o -~ -~ .
£ 75 S - Vout = 2.5V
2 _
E 70 Vout = 1.8V
= = =Vout= 1.5V
65
- =-=Vout=1.2V
60
55
50
0 0.2 0.4 0.6 0.8 1 1.2
Output Current [A]
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EFFICIENCY
171010550 V,y = 3.6V, Forced PWM Mode, Ta = 25/C
100
95 — —
\
\
O — T —
—\ \
&5 //4——::::-----~\ —
=) /7 S - - -~ - -~ o
g 80 r7 S }* Vout = 3.3V
g 75 1 e Vout = 2.5V
(&) —
E 720 | Vout = 1.8V
" - = =Vout= 1.5V
65
- = =Vout= 1.2V
60
55
50
0 0.2 0.4 0.6 0.8 1 1.2
Output Current [A]
171010550 V,y = 3.6V, PFM / PWM Mode, Ta = 25/C
100
( —_—
920 [/ -\\
f' — T —
\ \
85 ,‘ - = |—— T = - -—— \ -\‘
1 = |- —— == ._~~~ ~~‘~~-\
S 80 BN P }‘ Vout = 3.3V
> S~ -<
§ 75 T~ Vout = 2.5V
% 70 Vout = 1.8V
= = =Vout= 1.5V
65
{ - = =Vout= 1.2V
60
|
55
50
0 0.2 0.4 0.6 0.8 1 1.2
Output Current [A]
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EFFICIENCY
171010550 V,y = 3.3V, Forced PWM Mode, Ta = 25/C
100
95
\\
e \
- T == =~ - \
’\;| / // T ~< - \ \
o, 80 7 S 4L - T— T——
> l/// ~~o_| T— Vout = 2.5V
e 75 ! S ~<
Q0 /i S~ o Vout = 1.8V
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E 70 A Vout = 1.5V
65 - = =Vout= 1.2V
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60
55
50
0 0.2 0.4 0.6 0.8 1 1.2
Output Current [A]
171010550 V,y = 3.3V, PFM / PWM Mode, Ta = 25/C
100
95
90 \\
|~ -\
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'\g‘ T =~ - \ \
o, 80 S - - o o—
> ~S~o_ | T— 7 Vout = 2.5V
2 75 ~~a
% S~ao. Vout = 1.8V
= 70 Vout = 1.5V
65 - = =Vout=1.2V
60
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Output Current [A]
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EFFICIENCY
171010550 V,y =5V, Forced PWM Mode, Ta = 854C
100
95
90
—
oy —
S 80 f__ ..... e Vout = 3.3V
- _ - ____ - - - - \
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Output Current [A]

171010550 Viy =5V, PFM / PWM Mode, T5 = 85/C

100
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90
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) | —
S8 Voo _f-==== ——— L —— Vout = 3.3V
- , ----- - o - \
g 75 fpo===—{==y—-—" e S - Vout = 2.5V
9 - - - - -
E% 70 ~~“§ Vout = 1.8V
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- = =Vout= 1.2V
60
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Output Current [A]
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EFFICIENCY
171010550 V,\ = 3.6V, Forced PWM Mode, T4 = 85/C
100
95
\'\
920 74, ———
/ \\
85 —
/ / — —
— - - -, - \ \
= ’////""“--~_ == ‘~..\\ Vout = 3.3V
> p - - - - - - - \
e 75 /s =~ =~ Vout = 2.5V
) / /// - o S - -
6 '/ ~ - - -~ _
E 70 17 - - Vout = 1.8V
//” S = =-=Vout=15V
65 "
" - =-=Vout=1.2V
60
]
55
(]
50
0 0.2 0.4 0.6 0.8 1 1.2
Output Current [A]
171010550 V,\ = 3.6V, PFM / PWM Mode, Ta = 85/C
100
95
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90 AL —————
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. - o o e = - - — - \ \
o r - - -
2 80 L! _____ e T Vout = 3.3V
- T~ - -~ - \
§ 75 i S L Vout = 2.5V
E% 70 S~ - Vout = 1.8V
) - = =\Vout= 1.5V
65
- = =Vout= 1.2V
60
55
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0 0.2 0.4 0.6 0.8 1 1.2
Output Current [A]
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EFFICIENCY
171010550 V,\ = 3.3V, Forced PWM Mode, T4 = 85/C
95
\\
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—
T ~~— T ~——
S S~
> << Vout = 2.5V
o S~ -
2 ~ \\ Vout = 1.8V
= =~ Vout = 1.5V
- = =Vout= 1.2V
04 0.6 0.8 1 1.2
Output Current [A]
171010550 V,\ = 3.3V, PFM / PWM Mode, Ta = 85/C
100
95
90 ———
\
O\O 80 - - - —— e —
2. r — - - - o~ o——
2 S~o Vout = 2.5V
c 75 -~ -
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Output Current [A]
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171010550 Vy =5V, Forced PWM Mode, Ta = 25/C
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Output Current [A]
171010550 V,y =5V, PFM / PWM Mode, Ta = 25/C
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171010550 V,n = 3.6V, Forced PWM Mode, T = 25/C
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171010550 V,y = 3.6V, PFM / PWM Mode, Ta = 254C
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POWER DISSIPATION
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171010550 V,n = 3.3V, Forced PWM Mode, T = 25/C
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171010550 Vy = 3.3V, PFM / PWM Mode, Ta = 25/C
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POWER DISSIPATION

171010550 Vy =5V, Forced PWM Mode, Ta = 85/C
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POWER DISSIPATION

171010550 V,n = 3.6V, Forced PWM Mode, Ta = 85/C
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POWER DISSIPATION

171010550 V,n = 3.3V, Forced PWM Mode, T, = 85/C
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OUTPUT POWER DERATING

171010550 Current Thermal Derating
V|N = 36V, VOUT: 18V, dJA: 110 K/IW
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Note: Both thermal derating graphs were measured on the 178010550 evaluation board (40mm x 40mm, two layers, 35um

copper thickness). Please see Ta limits in Operating Conditions on page 4.
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LOAD REGULATION

171010550 Load Regulation Viy=3.6V, Voyr= 1.8V, Ta = 25/C
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LINE REGULATION

171010550 Line Regulation Vour = 1.8V, loyt = 1.2A, To = 25/C
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BLOCK DIAGRAM

Vin AlVIN 7o Vi Tlﬁ \
o & 16T j Y outTh o - o’ ouT
PWM Controller

Driver Resr
uvLo Protections Crr

Compensation network

Cn FB 11 | Cour

VREF Rres
0.8V

2 1 MODE
L}

GND

CIRCUIT DESCRIPTION

The MagI3C MicroModule 171010550 is a synchronous step down regulator with integrated MOSFETSs, control circuitry and
power inductor. The control scheme is based on a Constant On-Time (COT) regulation loop. An additional mode for light load
operation can be engaged based on the condition applied to the MODE pin.

The Vour of the regulator is divided by the feedback resistor network Rret and Rres and fed into the FB pin. The internal
comparator compares this signal with the internal 0.8V reference. If the feedback voltage is below the reference, the high side
MOSFET is turned on for a fixed on-time.

The constant on-time control scheme does not require compensation circuitry which makes the overall design very simple.
Nevertheless, it requires a certain minimum ripple at the feedback pin. The MagIl*C Power Module 171010550 generates this
ripple internally and is supported by the Cer capacitor which bypasses AC ripple directly to the feedback pin from the output.
With this architecture very small output ripple values under 10mV (similar to current or voltage mode devices) can be achieved.
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DESIGN FLOW

The next four simple steps will show how to select the external components to design the 171010550 application.

Essential Steps

1. Set output voltage
2. Select input capacitor
3. Select output capacitor
4. Select the feed-forward capacitor
4 / MODULE \ 6
Vin O VIN ellay * * O Vour
3 EN Resr Crr
4,
Cin == 1 L =c
IN —— 2 MODE FB —T1— Lour
2 3.
\_PGND PGND J Rree
EP 5
GND O 2+ ¢ O GND
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Step 1 Setting the output voltage (Vour)
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 (Vrs). The
output voltage adjustment range is from 0.8V to 5.5V. The output voltage can be calculated according to the following formula:

6 6 3—2
2 P @)

One resistor must be chosen and then the other resistor can be calculated. For example, if Rrer= 100k q t hen the |
value of the lower resistor in the feedback network is indicated in the table below for common output voltages.

Vourt 1.2v 1.5V 1.8V 2.5V 3.3V 36V 4.2V
Rrees (E96) | 200k| 115k| 80. 6(47.5|32.4|28.7|,23.7

(" MODULE o1 6 Vour
Rrer
1
FB
a)
Z
K Q j § Ress
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Step 2 Select input capacitor (Cin)

The energy at the input of the MicroModule is stored in the input capacitor. An input capacitor (4.7uF) is required externally to
provide cycle-by-cycle switching current and to support load transients. The external input capacitor must be placed directly
at the VIN pin. For this MagI*C MicroModule it is recommended to use a MLCC (multi-layer ceramic capacitor) of 4.7uF.
Attention must be paid to the voltage, frequency and temperature deratings of the 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
must be paid to the voltage, frequency and temperature deratings of the selected capacitor.

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

1

Vout r iy AE S Red AmT 2

w h e r @is the inductor current ripple and can be calculated with the following equation:

o = VourAV Woud
T W@ O )

Example
In the section OUTPUT VOLTAGE RIPPLE on page 35 a ripple measurement is shown under the following conditions:

Vin = 3.6V

Vour = 1.8V

L =470nH

fsw = 4MHz

Cout = 10pF (external, Wirth Elektronik, part number 885012107014)

Assuming a reduction of the capacitance of about 10% due to the bias voltage, a remaining capacitance of around 9uF can
be considered. Another assumption can be done for the ESR, whichcanbec onsi dered | ower than 5mq.
Using equations (2) and (3), the expected ripple is Voutrippe O 2 mV, whi ch matches the results o
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Step 4 Select the feed-forward capacitor (Cgr)

The 171010550 Magl3C Micromodule allows for the selection of a feed forward capacitor, Crr, providing a trade-off between
response time and efficiency while also affecting the transition current threshold between the PFM and PWM modes. A
lower value of Crr will increase the efficiency of the module at light load while slowing down the response time. Increasing
the Crr value will speed up the response time while decreasing efficiency. Increasing the value of Crr results in higher
values of current needed to leave PFM mode.

22pF has been evaluated experimentally as a value with suitable efficiency and transient characteristics for most
applications.

The pictures below show the transient behavior of the 171010550 in response to a load transition from OA to 1.2A using the
recommended Crr = 22pF, as well as other values of Crr.

A higher value of Cer helps to reduce the over and undershoot just after the load transitions at the expense of settling time.
Conversely, a lower Crr value will increase the overshoot and shorten the settling time.

Load Transient V,y =5V, Vout = 3.3V, from OA to 1A, Forced PWM Mode, Ta = 25/C
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— 04 . 3.28 === lout
c
o
gl e e ey e, Ly T
o T 4
o 1 QS 22pF
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Load Transient\= 5V, Vur= 3.3V, from 1A to 0A, Forced PWM Modes P5C
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This behavior is valid only for this test under the specified conditions and must be verified in the real application.

The Crr value only affects the efficiency during light load conditions when the PFM/PWM mode is chosen.

in the section APFM/ PWM modeo /BWM nmdegseselegtéd,
(MODE pin tied to GND) the device does not continuously switch, instead delivering energy to the load in bursts. The
frequency between bursts is influenced by various parameters, including the Crr value. The LIGHT LOAD OPERATION
section provides a more in-depth explanation of the additional parameters which affect behavior in this region.

As explained

Switch Node Voltage [V]

Vin = 3.6V, Vour = 1.8V, loyr = 50MA, Cir = 22pF PFM Mode

9us Y 110kHz
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Vi = 3.6V, Voyr = 1.8V, loyr = 50mA, Cpr = 220pF PFM Mode

6.5us Y 150kHz
—

Switch Node Voltage [V]

0 4 8 12 16 20 24
Time [ps]

Increasing Crr will cause the module to burst more often (shown in the two images above) resulting in a decrease in light
load efficiency as depicted in the diagram below. In addition, increasing the Crr value will result in an increase in the current
threshold required to exit PFM mode, also shown below as a difference of almost 100mA.

VIN =5.5V , VOUT = 3.3V Graph, TA =25°C

92

% Alj
88 Vi
86 //
; /Y
4
v
yawi -

/ / ——220pF
YA
72 /
v S
68 /
66 /
/ T T

focl
N

fes]
o

Efficiency [%]
~ ~
(2] o

~
N

While the recommended Crr value of 22pF will work for most applications, the user can adjust the performance of the module
based on their application by trading between light load efficiency and transient response. This customization tailors the
behavior of the module to the applicationds needs.
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MODES OF OPERATION

The MODE pin of the 171010550 can be pulled either high or low to alter the light load performance of the module based on
the application requirements.

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

at the default 4 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
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Oy vV VYV VYV VYV VY VvV VYV VYV

Inductor Current [A]

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 Vour as well as the fixed switching frequency of 4MHz, as indicated by the following equation:

e BEOO
& QEQL 0 @

When the input voltage decreases (such as with a discharging battery) the duty cycle will increase to deliver the same amount
of power to 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 frequency as the duty cycle continues to increase.

If the input voltage decreases further and the difference between the input voltage and output voltage is not significantly large,
such that 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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PFM/PWM mode

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

171010550 Vi =5V Vour = 1.8V, PFM vs Forced PWM Mode, Ta = 25/C
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During PFM mode the module delivers energy in short bursts to the load (see the figure below). Within each burst the device
switches at the default switching frequency and 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 supplied exclusively by the output capacitor during this time and the current consumption of the device drops dramatically
until the feedback system triggers the next cycle. This behavior results in higher efficiency than traditional PWM operation can
deliver.
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Please consider that the dead times shown above are examples and measured values are heavily dependent on several
parameters including the output capacitor, routing techniques, distance between the output capacitor and load, and the feed-

forward capacitor.

The device transitions from PFM to PWM mode automatically when the dead time approaches zero, resuming constant
switching behavior at the default switching frequency of 4MHz.
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