EUP3427

EUTECH 4A, Synchronous Step-Down Converter

MICROELECTRONICS

DESCRIPTION FEATURES

The EUP3427 is a 1 MHz fixed frequency synchronous, ®
current-mode, step-down dc-dc converter capable ofg
providing up to 4A output current. The EUP3427
operates from an input range of 2.7V to 5.5V and
provides a regulated output voltage from 0.6V ta 5V @
The internal synchronous power switch improves @
efficiency and eliminates the need for an external
Schottky diode. The EUP3427 can be externally met f
either forced PWM continuous mode or pulse skipping ®
mode. Forced PWM operation provides very low output @
ripple voltage for noise sensitive applications lehi
pulse skipping operation improves light load effiay
by reducing switching loss.

The EUP3427 features short circuit and thermal ®
protection circuits to improve system reliability.
Internally soft-start avoids input inrush currentridg
startup. The EUP3427 is available in SOP-8 package
with the exposed pad and TDFN-10 package.

2.7V to 5.5V Input Voltage Range

High Efficiency up to 96%

4A Available Load Current

57/35m2 Integrated PFET/NFET Switches

1MHz Switching Frequency

100% Duty Cycle Low Dropout Operation

Short Circuit and Thermal Protection

Integrated UVLO and Power Good

Excellent Line and Load Transient Response
Available in SOP-8 (EP) and TDFN-10 Packages

RoHS Compliant and 100% Lead(Pb)-Free
Halogen-Free

APPLICATIONS

High Performance DSPs, FPGAs, ASICs and
Microprocessors

® Base Station, Telecom, and Networking
Equipment Power Supplies
® ePC and NetPCs
Typical Application Circuit
L
ViNO PVIN LX Z{YZYJI\-I * O Vour
CIN EUP3427 330KQ RFB1
22uF EN 1 Cour
FB T 22uFx2
= RFBZ
l SKIP PG |—
= PGND AGND

I

Figurel. SOP-8(EP) Typical Application Circuit
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EUP3427

Typical Application Circuit (continued)

VinO I
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Pin Configurations
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EUP3427 330KQ = Rrs1
EN 1 Cour

FB T 22uFx2
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SVIN PG L

SKIP GND

Figure2. TDFN-10 Typical Application Circuit
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Package Pin Configurations Package Pin Configurations
Type Type
(TOP VIEW) (TOP VIEW)
® | e e e '
LX ==--"" 7 |8 ]PGND NC|i 1} {10 ]| PVIN
|
: | wx |21 {9 1| PVIN
SKIP | REELL o -
SOP-8 (EP) : Thermal Pad : TDFN-10 LX 3 Thermal Pad 8 SVIN
EN | I {6 |FB T S SR
! { PG {4 1.7.}| SKIP
|
= II L~ | [5] AN EN|{5: i6i|FB
Pin Description
PIN SOP-8 (EP)| TDFN-10 DESCRIPTION
LX 1 23 Switch node connected to inductor. This pin is emted to the drains of th
' internal main and synchronous power MOSFET switches
Operation Mode Select Input. Logic high selectsspukipping mode, an
SKIP 2 7 logic low or floating chooses forced PWM mode. Aternal pA current pull
it down to ground.
Chip enable pin. Forcing this pin above 1.5V enalite part. Forcing this pi
EN 3 5 below 0.3V or floating it shuts down the device.fternal 600K Resistor
pulls it down to ground.
Power good output signal. Logic high when regulatotput is within +109%
PG 4 4 of target output voltage. A pull-up resistor of @ito 100K is recommende
for most applications.
AGND 5 - Analog ground.
FB 6 6 Feedback pin. Connect it to an externastesdivider to set output voltage.
PVIN 7 9,10 Power supply input.
PGND 8 - Power ground.
SVIN - 8 Analog input supply which is connected™dgIN through a low pass RC filte}.
NC - 1 No connect.
Ths;r&wal - - Ground.( Thermal pad must be connected to thergl of PCB.)
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Ordering Information

Order Number

Package Type

Mar

king

Operating Temper ature Range

EUP3427WIR1

SOP-8 (EP)

U ooxxx
P3427

1A

-40 °C to +85°C

EUP3427JIR1

TDFN-10

XXXXX
P3427

1A

-40 °C to +85°C

EUP3427] O O O

[

Packing

Lead Free Code
1: Lead Free, HalogereFr®: Lead

R: Tape & Reel

Operating temperature range
I: Industry Standard

Package Type

Block Diagram

W:SOP (EP)

J:-TDFN

Current Sense PV
AMP IN r
+ PVIN
Soft-start ‘—:|
Reference -
[ L
* —{>—<>—| o o
1 Vrs (' m
FB[ ] - EA
\'/ Control
i ) Logic [ Jx
Il > b
] '_
i Ver_|
+
PGoopD | OV
T r
Comp [V Current TN hd { ]PGND
Detect =
| r
[ ]rG
5| Bandgap Slope PGOOD L
EN[ Reference Compensation e Counter — ﬁ
SVin SVIN
skip[] Select
AGND AGND

Figure3. Block Diagram
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EUP3427

Absolute Maximum Ratings (1)

Input Supply Voltage(SVIN,PVIN) -0.3Vto 6V
EN, FB -0.3Vto 6V
PG 0V to 6V
LX, SKIP -0.3V to \pyn+0.3V
Junction Temperature 150°C
Package Thermal Resistance
SOP-8 (EP};a 60°C/W
TDFN-108;a 69°C/W
Storage Temperature -65°C to 150°C
Lead Temp (Soldering, 10sec) 260°C
Minimum ESD Rating +2kV
Recommended Operating Conditions (2)
Supply Voltage 2.7V to 5.5V

Operating Temperature Range

-40°C to 85°C

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

Electrical Characteristics
PVIN=VEN=5V, Tpo=+25°C,unless otherwise specified. Thmdicates specifications which apply over the full

operatimg range -40°C to +85°C.
Symbol Parameter Conditions - EUP3427 Unit
Min. | Typ. | Max.

VN Input Voltage Range -40°€T ,<+85°C 2.7 5.5 \Y
UVLO |Input Undervoltage Lockout Rising, -40%T ,<+85°C 2.25 2.45 2.65 \%
UVLO_Hys |UVLO Hysteresis 200 mV
leg Feedback Current f¥=0.6V -50 0 +50 nA

Vs Regulated Feedback \Voltage Ta=+25"C 0.594) 0.600 | 0.606 \Y;
-40°C<Tp<+85°C 0.588 | 0.600 | 0.612
AVoyur |Output Voltage Line Regulation NE3V to 5V 0.15 %I\
Vioapreg |Output Voltage Load Regulation | | ohp=0A to 4A 0.1 %I/A
VpgH Power Good High Threshold With Respect Tg V +7 +10 +13 %
VeeL Power Good Low Threshold With Respect TigV -13 -10 -7 %
Teg Power Good Delay Time 16 Cyc
Vipc Power Good Low Voltage sihkk=1mA 0.1 0.3 V
lpc Power Good Leakage Current High Impedanges=8V 1 MA
Ven EN Threshold -40°€Tp<+85°C 0.3 0.8 15 V
Ren EN Pull Down Resistor 600 X
V skip SKIP Threshold -40°€Tp<+85°C 0.3 1.0 1.5 \Y
Iskip SKIP Pull Down Current 2 5 8 A
lo Quiescent Current \ggfgi_?i;yssgfé‘%v orov, 0.5 0.6 mA
Ision | Shutdown Current M=0V 3 A
fose Oscillator Frequency x;:;gig)v’ -40°GTp<+85°C 0.8 3;0 1.2 Z:ZZ
Dumax Maximum Duty Cycle 100 %
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Electrical Characteristics (continued)
PVIN=VEN=5V, Tp=+25°C,unless otherwise specified. Thmdicates specifications which apply over the full
operatimg range -40°C to +85°C.

EUP3427

Symbol Parameter Conditions - EUP3427 Unit
Min. | Typ. | Max.

Toniny  |Minimum On Time 100 ns
lpEAK Hside PCH Switch Peak Current| gg#0.55V 6 A
INEG Lside NCH Negative Current Limiji sxp =0V, FPWM Mode -1 A
Rix LX Pull Down Resistor 1.25 K
Rereer  |Ros(on) Of P-Channel FET k=0.5A 57 70 §9)
Rneet Ros(ony 0f N-Channel FET k=0.5A 35 50 ()
Tsp Thermal Shutdown 160 °C
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EUP3427
Typical Operating Characteristics

Unless otherwise specifiediNG22uF, Cout=22xF, L=2.24H, V|\=5V, Vour=1.2V, Ta=25°C.

Efficiency vs Output Current Efficiency vs Output Current
00 > 100 7T
00 L= o 0 \\:m=5.(1>\2‘\_
L TVour=1.2V o~
LT~ (/ To=25C | | L™ ™N
S 80T ISKIB MODE = 80 /< S/
5 D 5 A1 Y
g 7 / FPWM MODE s "y b
i A i
B 60 H 6ol A ‘ ‘ ‘
= / g / FPWM MODE
= B
=50 =50 /
¥ VIN=5.0V 7 /
40 Vour=3.3V 1 40 7/
Ta=25C /]
30 30
20 i _ 20 /
0.01 0.1 3 0.01 0.1 1
OUTPUT CURRENT(A) OUTPUT CURRENT(A)
s Rpsony vs Temperature s Rpson vs Input Voltage
5 L E .
70 ViN=5.0V 70 [N Ta=25C
. MAIN SWITCH | _~ N
65 65 \\
60 60 MAIN SWITCH
-~ — T——
g __ _ g __ —— |
g 55 v E 55
g 50 / é 50
8 // g
M5 L - %45
40 ) 40 SYNCHRONOUS
/_,- —_ SWITCH
3 /,/ SYNCHRONOUS 35
30 |t SWITCH 30
25 25
-40 0 40 .80 120 25 3.0 3.5 4.0 4.5 50 55
TEMPERATURE (°C) INPUT VOLTAGE(YV)
Output Voltage vs Load Current 123 Output Voltage vs Input Voltage
1.22 - : ‘
V‘m=s.u‘\‘ Troan=0A
=5 Ta=25C
o Ta=25C 122
23 3
B 120 —~——— B2
= — =
<]
)
E‘. 1.19 S L20 ______,___:—/
- =
) =
] ]
1.19
B 118 &
3 5
117 1.18
1.16 1.17 : uy
0 05 1.0 L5 20 25 3.0 35 40 2.5 3.0 3.5 4.0 4.5 50 55
LOAD CURRENT(A) INPUT VOLTAGE(V)
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EUP3427

Typical Operating Characteristics (continued)

Oscillator Frequency vs Temperature
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Reference Voltage vs Temperature
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=
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TEMPERATURE(C)
SKIP Mode Operation
- U
LX -
L \k MM AR anrm s
Vour(AC)
10mV/DIV
Io
1A/DIV
: P,
ViN=5.0V 1us/DIV
Vour=1.2V
ILoan=0A

Oscillator Frequency vs Input Voltage
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=
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-
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SUPPLY VOLTAGE(V)
Reference Voltage vs Input Voltage
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& 0.610
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= 0.603
O - -
; 0.600 e
o
é 0.595
% 0.590
0.585
0.580
25 3.0 3.5 40 43 50 55
INPUT VOLTAGE(Y)
FPWM Mode Operation
' U
LX . 3 - L] -~ . b -~ -~ LY
SV/DIV
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10mV/DIV |
Io

LA/DIV
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1us/DIV
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EUP3427

Typical Operating Characteristics (continued)

SKIP Mode Operation
6
LX | My [l = L] -

SV/DIV A A Waw\‘vj A M |

Vour(AC)

10mV/DIV o ", <A
In
IADIV . A\ AN T R .
1
Vin= 5.0V 1ps/DIV
Vour=1.2V
ILoap=150mA

FPWM Mode Operation
v I
LR A WAYANL W W W WA WA N
1A/DIV | : |

Vour(AC)
10mV/DIV -

1>

Vin=5.0V
Vour=1.2V
ILoap=4A

Load Step

Vour(AC)
200mV/DIV

I
2A/DIV |

Vin=5.0V
Vour=1.2V
TLoan=0.5A to 3.5A

40us/DIV

FPWM Mode Operation

[T}
LX - " = - r- ™~ He -, Y
SV/DIV |
e i el pamedl ety i rayetie  \isaintnl  pbiopeee e
Vour(AC)
OmV/DIV PR UL (DR VI P
Io

e W o N W W 8 W N N
g

Vin=5.0V
Vour=1.2V
ILoap=150mA

1ps/DIV

Load Step(FPWM Mode)

u

P ey ——
N
/

Vour(AC) Vv
200mV/DILV

I

1A/DIV T
[

ViN=5.0V 40ps/DIV

Vour=1.2V
Irosp=0A to 2A

Load Step

u

S e, Sp——

Vour(AC) '
200mV/DIV

IL M
2A/DIV

ViN=5.0V 40pus/DIV
Vour =12V

ILosp=2A to 4A
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EUP3427

Typical Operating Characteristics (continued)
Shut Down

Start Up
| U U
EN ’ EN - T
SV/DIV _ SV/DIV |
s e ‘ Vour
Vour 1V/DIV
1V/DIV . :
In I
1A/DIV | 1A/DIV
DI, !
Vin=5.0V 2000sDIV IN=5.0V 40ps/DIV
Vour=1.2V Vovr=1.2V
TLoap=4A Losp=2A
Short Circuit (SKIP Mode) Short Circuit
‘ o G
! V <
rM
|
IL ’; AR I _ A
2A/DIV - i 1 1A/DIV ]
I}
Vout ; Vour @
1V/DIV | 1V/DIV
Vin=S.0V  20psDIV Vin=5.0V “20ps/DIV
Vour=1.2V Vour=1.2V
ILosp=0A to Short Iroap=4 A to Short
Short Circuit Recovery (FPWM Mode) Short Circuit Recovery
U _ : G
I | I mememm
2A/DIV 2A/DIV
[
i
Vour | Vour |
1V/DIV A 1V/DIV | i
V=50V 1ms/DIV ' ViN=5.0V 1ms/DIV
Vour=1.2V
ILosp=Short to 4A

Vour=1.2V
ILoap=Short to 0A

9
il
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EUP3427

\%
-ty 1-_OuT
The EUP3427 uses a slope-compensated constant L ML) OuT Vv
frequency, current mode architecture. Both the main IN

(P-Channel MOSFET) and synchronous (N-channelThe DC current rating of the inductor should béeast
MOSFET) switches are internal. During normal equal to the maximum load current plus half theldp
operation, the EUP3427 regulates output voltage bycyrrent to prevent core saturation.

switching at a constant frequency and then modflati  The DC-resistance of the inductor directly influesche
the power transferred to the load each cycle UBMV  efficiency of the converter. Therefore for better

comparator. The duty cycle is controlled by three gfficiency, choose a low DC-resistance inductor.
weighted differential signals: the output of error

amplifier, the main switch sense voltage and the Cinand Cour Selection

slope-compensation ramp. It modulates output pdyer |n continuous mode, the source current of the top

adjusting the inductor peak-current during thet firalf MOSFET is a square wave of duty cyclg)y/Vin. The

of each cycle. An N-channel, synchronous switcimgur primary function of the input capacitor is to prdeia

on during the second half of each cycle. When the|ow impedance loop for the edges of pulsed current

inductor current starts to reverse in pulse skigpimode drawn by the EUP3427. A low ESR input capacitoediz

operation or when the PWM reaches the end of thefor the maximum RMS current must be used. The size

oscillator period in forced PWM mode operation, the required will vary depending on the load, outpultame

synchronous switch turns off. and input voltage source impedance characterisfics.
typical value is around 22uF.

Soft-Start The input capacitor RMS current varies with theuinp

The EUP3427 has an internal soft-start circuitimaitl voltage and the output voltage. The equation fa th

the inrush current and output voltage overshooindur maximum RMS current in the input capacitor is:

startup. The soft-start time is about 800uS.

Application Information 1
Al

Short-Circuit Protection _ VOUT VOUT
'rms = lout ™ S v
As soon as the output voltage drops below 50% ef th ViN ViN
nominal output voltage, the switching frequency #mel
current limit are reduced. The output capacitor &gt has a strong effect on loop
Output Overvoltage Protection stability.

The selection of gyt is driven by the required effective
The output voltage is monitored by a comparator series resistance (ESR).
through FB pin. It guar'ds against transient ovessho  EgR s a direct function of the volume of the céioar
>10% by turning the main switch off . that is, physically larger capacitors have lowerRES
Once the ESR requirement fop& has been met, the
RMS current rating generally far exceeds theplege-p)

The undervoltage lockout circuit prevents device requirement. The output ripplé/ouris determined by:
misoperation at low input voltages. It prevents the

converter from turning on the main and synchronous AV OAl | ESR+
switches under undervoltage state. ouT L
8iCour

Thermal Protection and L ockout

Input Undervoltage L ockout

The internal thermal protection and lockout circuit \émigec?ﬁgs)gg;h; 'Q?LFJ; 3?6?6(();;Eu1:[0$r6}1r3|2tli%r?sap%g;
prevents device in the event that the maximum janct . . '
. dielectrics have the best temperature and voltage

tempetaure is exceeded. If the device temperatire i - i .
higher than 160°C (typical), it will be shut dovanly if characteristics of all the ceramics for a giverugaand

the power is reprovided or the EN pin is reacticed size.
the device rework. Output Voltage Programming
Inductor Selection The output voltage is set by a resistive dividezoading

The EUP3427 typically uses a 2.2uH output inductor. to the following formula, where &8, value is kept
The output inductor is selected to limit the ripplerent ~ 330KQ:

to some predetermined value, typically 20%~40%hef t 0.6

full load current at the maximum input voltage. dear RFB2 = RFBY V—06

value inductors lower ripple currents. Highefy \or ouT -+

\/ influence the ripple current as shown in equation. . . .
ouT PP g The external resistive divider is connected todhtput,

allowing remote voltage sensing as shown below.
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EUP3427

0.6V <Vpur < 5V

PC Board Layout Checklist

For all switching power supplies, the layout is an
important step in the design especially at highkpea

Reg1 currents and switching frequencies. If the laycaunot
carefully done, the regulator might show stability
FB problems as well as EMI problems.
When laying out the printed circuit board, the daling
guidelines should be used to ensure proper oparafio
S 2 Rraz the EUP3427.
GND 1. The input capacitor & should connect to PVIBs
closely as possible. This capacitor provides the AC
= current to the internal power MOSFETS.
2. The power traces, consisting of the GND trace, the
Tablel. Recommended Components with LX trace and the VIN trace should be kept short,
PVIN=AVIN =5V direct and wide.
v C C 3 R R 3. The FB pin should connect directly to the feedback
ouT IN OuUT FB1 FB2 H ot F
resistors. The resistive dividerrg/Rrg; must be
V) (uF) (uF) (uH) (k) (kQ) connected between theygr and ground.
3.3 22 22%2 | 2.2 330 /3 4. Keep the switching node, LX, away from the
25 22 22%) 22 330 104 sensitive FB node.
1.8 22 22*¥2 | 2.2 330 165
15 22 22*2 | 2.2 330 220
1.2 22 22%2 | 2.2 330 330
1 22 22%2 | 2.2 330 495

Thermal Consider ations

To avoid the EUP3427 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 I-B=IL0AD2 X Rpson)is the power dissipated by
the regulator ;6;4 is the thermal resistance from the
junction of the die to the ambient temperature.

The junction temperaturey,Tis given by:

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

T;should be below the maximum junction temperature
of 150°C.
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Packaging Information
SOP-8 (EP)

raoarE =

Fl

O

s T e o
bl

P
st

T
SYMBOLS MILLIMETERS INCHES
MIN. MAX. MIN. MAX.

A 1.35 1.75 0.053 0.069
Al 0.10 0.25 0.004 0.010
D 4.90 0.193
El 3.90 0.153
D1 2.97 0.117
E2 2.18 0.086
E 5.80 6.20 0.228 0.244
L 0.40 1.27 0.016 0.050
b 0.31 0.51 0.012 0.020
e 1.27 0.050
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TDFN-10
— ) — — -
Y
e
- = |
1
!
! IO ETTTIET N peETAILA

_J
Bl
.
Bl

DETAIL A
Thermal Pad Option

SYMBOLS MILLIMETERS INCHES
MIN. MAX. MIN. MAX.
A 0.70 0.80 0.028 0.031
Al 0.00 0.05 0.000 0.002
D1 2.50 0.098
D 2.90 3.10 0.114 0.122
El 1.70 0.067
E 2.90 3.10 0.114 0.122
L 0.30 0.50 0.012 0.020
b 0.18 0.30 0.007 0.012
e 0.50 0.020
D1 2.40 0.094
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