EUP3412

EUTECH

1.5A/1.5MHz, Synchronous

MICROELECTRONICS step_Down COnverter With SOft Stal‘t

DESCRIPTION

The EUP3412 is a synchronous current
step-down dc-dc converter, capable of driving 1csd

current with excellent line and load
Operating with an input voltage range between 2.7V ®

and 5.5V, the device is ideal for portable appiaza
powered by a single Li-lon battery cell or by 3icel
NiMH/NICd batteries. The EUP3412 operates at adfixe
switching frequency of 1.5MHz and PWM operation
provides very low output ripple voltage for noise
integrated
efficiency  while
eliminates the need for an external Schottky didde
EUP3412 is available in the 10-pin MSOP and 10-pin

sensitive  applications. The
synchronous switch increases

TDFN package.

internal

FEATURES

mode o

regulation.

High Efficiency up to 96%

1.5A Available Load Current

300p A Typical Quiescent Current

1.5MHz Constant Switching Frequency

2.7V to 5.5V Input Voltage Range

Adjustable Output Voltage as Low as 0.7V
100% Duty Cycle Low Dropout Operation

No Schottky Diode Required

Short Circuit and Thermal Protection
Excellent Line and Load Transient Response
< 1pA Shutdown Current

Soft Start Function

Available in MSOP-10 and TDFN-10 Package
RoHS Compliant and 100% Lead(Pb)-Free
Halogen-Free

APPLICATIONS

® Cellular and Smart Phones
® Portable Media Players/ MP3 Players
® Digital Still and Video Cameras
® Portable Instruments
® WLAN PC Cards
Typical Application Circuit
V, V
2.5V 0 5.5V 2 8 2:2uH 1.8V/1.5A
® VIN SW jm
c, | 3 {vin sw |-~
22uF —T|— 1
EN EUP3412 FB
1 ¢ | mopE PGND
- 4
GND PGND

Figure 1.
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EUP3412

Pin Configurations

)

11%

Package Type Pin Configurations Package Type Pin Configurations
(TOP VIEW) (TOP VIEW)
EN |I.Ir—‘————————‘————, 10 | PGND EN[1] T@ 7 ! Tio] PGND
VIN E i i I| PGND vIN[3 i i 73] Fonp
wE] | [ w wnf3] | (5] sw
MSOP-10 | : TDFN-10 o D]
ono[4] ! L [T ] sw eNo[2] | L 7w
FB [5 | L [ 6 ] mopE FB[ 5] i_____________i "6 | MODE
Note: The exposed pad must be Note: The exposed pad must be
connected GND. connected GND.
Pin Description
Name | MSOP-10 | TDFN-10 DESCRIPTION
EN 1 1 Chip enable pin. Forcing this pin above 1.5V ensilthe part. Forcing thi
pin below 0.3V shuts down the device. Do not leEMefloating.
VIN 2,3 2,3 Supply voltage input.
GND Analog ground.
FB Feedback pin.
MODE 6 6 Pulling the MODE pin high allows the device to hmcked into fixed
frequency operation.
SW 78 78 Switch node connection to inductor. This pin consdo the drains of th
' ’ internal main and synchronous power MOSFET switches
PGND 9,10 9,10 Power ground.

Block Diagram
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Figure2.
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EUP3412

Ordering Information

Order Number Package Type Marking Operating Temper ature Range
XXXXX o o

EUP3412MIR1 MSOP-10 P3412 -40 °C to +85°C
XXXXX 0 o

EUP3412JIR1 TDFN-10 P3412 -40 °C to +85°C

EUP3412 ] [ O [

L

Lead Free Code
1: Lead Free, Halogeed-r

Packing
R: Tape & Reel

Operating temperature range
I: Industry Standard

Package Type

M: MSOP
J: TDFN
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Absolute Maximum Ratings (1)

Input Supply Voltage
EN, FB Voltages

N-Channel Switch Sink

Junction Temperature
Storage Temperature

P-Channel Switch Source Current (DC)

Peak SW Sink and Source Current

Lead Temp (Soldering, 10sec)

-0.3Vto

6V

-0.3V to My

Current (DC)

Recommend Operating Conditions (2)

= Supply Voltage (W)
m  Operating Temperature

Range

1.7A

1.7A

2.6A
125°C
-65°C to +150°C
260°C

2.7V to 5.5V

Note (1): Stress beyond those listed under “AbgoMiaiximum Ratings” may damage the device.
Note (2): The device is not guaranteed to functiotside the recommended operating conditions.

Electrical Characteristics

The @ denote the Spec. apply over the full operatingoeature range, otherwise Spec. ateH25°C.
Vn=3.6V unless otherwise specified.

-40°C to +85°C

EUP3412

Symbol Parameter Conditions Min. EUTI?/S;)A.rlZMax. Unit
Vin  |Input Voltage Range 2.7 5.5 Y
UVLO |Input Undervoltage Lockout 15 2.3 Y
leg Feedback Current 0 nA
Ta=+25°C (Note 3) 0.49 0.5 0.51
Ves  |Regulated Feedback Voltage \Y
-40°C<Tp<+85°C (Note 3) 0.485| 0.5 | 0.515
AVeg |Reference Voltage Line RegulatioWy=2.7V to 5.5V 0.26 0.4 %I\
AVoyur |Output Voltage Line Regulation NE2.7V to 5.5V 0.26 0.4 %/\V
Voaprec |Output Voltage Load Regulation| | ohp=0mA to 1500mA 0.1 %
lo Quiescent Current A=0.45V, | 0ap=0A 300 400 HA
Ishon | Shutdown Current M=0V 0.1 1 HA
Ipk Peak Inductor Current INE3.6V, Vep=0.45V 2.4 A
fosc  |Oscillator Frequency Vep=0.45V 1.2 15 18 | MHz
V=0V 750 kHz
Rerer  |Ros(ony of P-Channel FET sh=200mA 132 210 9]
Rnrer  |Roson) Of N-Channel FET dw=200mA 126 210 9]
llsw |SW Leakage Current ¥=0V, Vsu=0 or 5V, \y=5V -1 1 LA
Ven  |EN Threshold 0.3 1.0 1.5 \Y
len EN Leakage Current 1 MA

Note (3): The EUP3412 is tested in a proprietarst taode that connects FB to the output of the earoplifier.
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EUP3412

Typical Operating Characteristics

Efficiency vs Output Current Efficiency vs Output Current
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. 7\0UT_ -i‘n | A=m | Vour=L.8V WA TR
90 [ Temp=25°C BEnlilizg® 90  Temp=25TC A
[T AT L Zgiti
< [T \ < 80 A 7
S I | ] s =2.7V id
= o Vin=2.7V = AN vl
= 70 i il = 70 Vin=3.6V
8 Vin=3.6V o Vi =5.0V
é 60 \'Y]\I=5.|:|\T é 60 AT A,
3 )(‘ 3
E 50 /\ E 50
= =
40 40
30 30
20 20 7
10 b L 10 L UL
0.01 0.1 1 10 100 1k 10k 001 0.1 1 10 100 1k 10k
OUTPUT CURRENT(mA) OUTPUT CURRENT(mA)
100 Efficiency vs Output Current Reference Voltage vs Temperature
T ] gy 0.515 I
Vour=3.3V == (T
90 |-Temp=25C (s ] \ Vin=3.6}
e 0.510
/
w0 5
s =
= [
= 70 V J 2 0.505
9 A :
é 60 N w o
3 > 0.500
£ 50 5 -
=3
= 40 / 5 0.495
I il
/ :
30
2 0.490
20
10 0.485 _ | 3
0.01 0.1 1 10 100 1k 10k 50 25 0 25 50 75 100
OUTPUT CURRENT(mA) TEMPERATURE(C)
Oscillator Frequency vs Supply Voltage Oscillator Frequency vs Temperature
1.8 1.70 ‘
_ Vin=3.6V
g L 1.65
S y
> ~ 160
E L6 g L5
Bl
& — = |
) / o _ -_—___‘__,_-—————__'_
E 1.5 Z 1.50 p————
e — % _ //
e < 145
E 14 2
3 =14
40
5 13
g 1.35
1.2 . 1.30 ,
2 3 1 5 S0 25 0 25 50 75 100
SUPPLY VOLTAGE(V) TEMPERATURE(C)
DS3412 Verl.4 May 2012 5

EUTECH

MCROELECTRONICS



Typical Operating Characteristics (continued)

RDS(ON) ()
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OUTPUT VOLTAGE(YV)

Rpson) vs Input Voltage
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EUP3412

Typical Operating Characteristics (continued)

Light Load Operation

]
sw | i ol fi o,
SV/DIV
Vour |

AC COUPLED: L

: 1 4
In
200mA/DIV | I

Vin=3.6V  1ps/DIV
Vour=1.8V
ILOA_[):S('mA

Load Step
v

Vour
100mV/DIV
AC COUPLED

In |
S500mA/DIV

20ps/DIV

Vin=3.6V
Vour=1.8V
ILoap=50mA TO 1A

Start-Up from Shutdown

[T]
EN
2V/DIV

Vour
1V/DIV

T

I.
S00mA/DIV -

Vin=3.6V 200ps/DIV
Vour=1.8V

Ioap=1.5ALOAD: 1.2 Q RESISTOR)

Heavy Load Operation

N Talalalalat alalgialglaln
Vour * _
20M VDIV i et A 8 s 1 e i bort g s g ot

AC COUPLED.

In
500mA/DIV \I.N= 36V
Vour=1.8V
ILOAD= I.SA

‘ 1ps/DIV -

Load Step
e
Vour
100mV/DIV
AC COUPLED ™

I
500mA/DIV

20ps/DIV

Vin=3.6V
Vour=1.8V
Ioap=0.5ATO 1.5 A

Start-Up from Shutdown
U i

EN 4
2V/DIV |

Vour

TP

1V/DIV

Viv=3.6V  200ps/DIV
Vour=1.8V
TLoap=2A(LOAD: 0.9Q RESISTOR)
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EUP3412

Application Information

The EUP3412 uses a slope-compensated constan
current mode architecture. Both the main

frequency,

The DC current rating of the inductor should béeast
?qual to the maximum load current plus half thelap
current to prevent core saturation. Thus, a 1800atéd

(P-Channel MOSFET) and synchronous (N-channel inductor should be enough for most applications

MOSFET) switches are internal. During norma

operation, the EUP3412 regulates output voltage by

switching at a constant frequency and then modgati
the power transferred to the load each cycle uBMWyM
comparator. The duty cycle is controlled by three
weighted differential signals: the output of error
amplifier, the main switch sense voltage and the
slope-compensation ramp. It modulates output pdoyer
adjusting the inductor-peak current during thet firalf

of each cycle. An N-channel, synchronous switcimgur
on during the second half of each cycle (off tilwhen
the inductor current starts to reverse or whenRiéV
reaches the end of the oscillator period, the symaius
switch turns off. This keeps excess current fromihg
backward through the inductor, from the output
capacitor to GND, or through the main and synchusno
switch to GND.

Soft-Sart

The EUP3412 has an internal soft-start circuit timaits
the inrush current and output voltage overshootndur
startup. The soft-start is implemented with a digit
circuit increasing the switch current in steps.

Short-Circuit Protection

As soon as the output voltage drops below 50% ef th
nominal output voltage, the converter switching
frequency as well as the current limit is reduce&@%

of the nominal value.

Input Undervoltage L ockout

The undervoltage lockout circuit prevents device
misoperation at low input voltages. It prevents the
converter from turning on the switch or rectifier
MOSFET with undefined conditions.

Inductor Selection
The EUP3412 typically uses a 2.2uH output inductor.

Larger or smaller inductor values can be used to

optimize the performance of the device for specific
operation conditions.

The output inductor is selected to limit the ripplerent

to some predetermined value, typically 20%~40%hef t
full load current at the maximum input voltage. der
value inductors lower ripple currents. Highegy \Vor

Vour also increases the ripple current as shown in

equation. A reasonable starting point for settiipple
current isAl_.=600mA (40% of 1.5A).

| (1.5A+300mA).

The DC-resistance of the inductor directely infloes
the efficiency of the converter. Therefore for bett
efficiency, choose a low DC-resistance inductor.

Cin and COUT Selection

In continuous mode, the source current of the top
MOSFET is a square wave of duty cyclegy/Vn. The
primary function of the input capacitor is to proeia
low impedance loop for the edges of pulsed current
drawn by the EUP3412. A low ESR input capacitoegiz
for the maximum RMS current must be used. The size
required will vary depending on the load, outpultage
and input voltage source impedance characterisfics.
typical value is around 22uF.

The input capacitor RMS current varies with theuinp
voltage and the output voltage. The equation fa th
maximum RMS current in the input capacitor is:

Vv
o

\%
IN

\Y
o

x| 1-—
\%
IN

The output capacitor &gt has a strong effect on loop
stability.

The selection of gyt is driven by the required effective
series resistance (ESR).

ESR is a direct function of the volume of the catoac
that is, physically larger capacitors have lowerRES
Once the ESR requirement fopg has been met, the
RMS current rating generally far exceeds theplege-p)
requirement. The output ripple/oyris determined by:

1
AV, 1 DAl | ESRF———
ouT PAIL

8fCouT

When choosing the input and output ceramic capagito
choose the X5R or X7R dielectric formulations. Tehes
dielectrics have the best temperature and voltage
characteristics of all the ceramics for a giverugaand
size.
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EUP3412

Output Voltage Programming

The output voltage is set by a resistive dividexoading
to the following formula:

V, =0.5V 1+ R2
ouT ' R1

PC Board Layout Checklist

For all switching power supplies, the layout is an
important step in the design especially at highkpea
currents and switching frequencies. If the lay@auhot
carefully done, the regulator might show stability
problems as well as EMI problems.

When laying out the printed circuit board, the daling
guidelines should be used to ensure proper oparafio

the EUP3412.

Choose R1 value 50kfor most applications.

The external resistive divider is connected todhtput, 1.
allowing remote voltage sensing as shown below.
0.7V <V, < 5.5V 2.
R2

3.

FB
EUP3412 R1 4.

GND

Thermal Consider ations

To avoid the EUP3412 from exceeding the maximum
junction temperature, the user will need to doexrtial
analysis. The goal of the thermal analysis is temeine
whether the operating conditions exceed the maximum
junction temperature of the part. The temperatise is
given by:

Tr=(Pp)(034)

Where B:ILOADZ X Rps(onyis the power dissipated by
the regulator ;0;4 is the thermal resistance from the
junction of the die to the ambient temperature.

The junction temperature,,Tis given by:

TJ:TA+TR
Where Ty is the ambient temperature.

T;should be below the maximum junction temperature
of 125°C.

The input capacitor (¢ should connect to VINs
closely as possible. This capacitor provides the AC
current to the internal power MOSFETSs.

The power traces, consisting of the GND trace, the
SW trace and the VIN trace should be kept short,
direct and wide.

The FB pin should connect directly to the feedback
resistors. The resistive divider R1/R2 must be
connected between theygr and ground.

Keep the switching node, SW, away from the
sensitive FB node.
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EUP3412

Packaging Information

A e
Ir___WI E18E1E
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D1 ,
Innk
D I—J[—I
A L
] Wa t DETAIL A
N ___k;‘ hl_f Thermal Pad Option
=4
SYMBOLS MILLIMETERS INCHES
MIN. Normal MAX. MIN. Normal MAX.

A 0.81 - 1.10 0.032 - 0.043
Al 0.00 - 0.15 0.000 - 0.006
D 2.90 3.00 3.10 0.114 0.118 0.122
D1 1.28 1.80 2.30 0.050 0.071 0.091
E 4.70 4.90 5.10 0.185 0.193 0.201
El 2.90 3.00 3.10 0.114 0.118 0.122
E2 1.21 1.66 1.73 0.048 0.065 0.068
0.40 0.60 0.80 0.016 0.024 0.031
0.15 - 0.33 0.006 - 0.013

e 0.50 0.020
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EUP3412

TDFN-10
) — — | ——
Y
TOOJ =
y
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[P IEIT T N pETAILA
— O - —»H« o
A B
- L L [J1]
o [1] [1]
L 0o o0 I =] Ea
|
DETAIL A
Thermal Pad Option
MILLIMETERS INCHES
SYMBOLS
MIN. Normal MAX. MIN. Normal MAX.
A 0.70 0.75 0.80 0.028 0.030 0.031
Al 0.00 - 0.05 0.000 - 0.002
D 2.90 3.00 3.10 0.114 0.118 0.122
D1 2.30 2.60 2.65 0.091 0.102 0.104
E 2.90 3.00 3.10 0.114 0.118 0.122
El 1.50 1.65 1.75 0.059 0.065 0.069
L 0.30 0.40 0.50 0.012 0.016 0.020
0.18 - 0.30 0.007 - 0.012
e 0.50 0.020
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