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High efficiency, 3A, 17V, Synchronous Step-Down Converter

1 General Description

The SR1471B is a synchronous step-down regulator
with an internal power MOSFET. The SR1471B
achieves 3A a of continuous output current over a
wide input supply range with excellent load and
line regulation. Current mode operation provides
fast transient response and eases loop
stabilization. Hiccup protection, the cycle-by-cycle
over current limit and thermal shutdown. Soft-
start function reduces the stress on the input
source at startup.

The SR1471B requires a minimal number of readily

available external components, providing a

compact solution.

5 Application Circuit

2

Note:

Features

Input Voltage Range: 3.5V to 17V
Output Adjustable from 0.8V to 12V
Low Quiescent Current: 100pA

150mQ/70mQ Low-RDS(ON) Internal Power
MOSFETSs.

High efficiency operation including CCM,
DCM and PSM

2.2MHz switching frequency for SR1471B
Internal Soft-Start

Over-Current Protection and Hiccup
Thermal Shutdown

Available in a 6-pin TSOT-23 package

Applications
Communication,
Display
Surveillance
General Purposes

Ordering Information

SR1471B

|— Package Type:
TSOT23-6P

The products are RoHS compliant and compatible with the
current requirements of IPC/JEDEC J-STD-020 Package Information.
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Pin Configuration and Function
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Pin Name Function

1 GND Power Ground.

2 SW Switch Node. SW is the switching node that supplies power to the output.

3 VIN Power Input. VIN supplies the power to the IC. Bypass VIN to GND with
a suitably large capacitor to eliminate noise on the input to the IC.

4 FB Feedback Input. FB senses the output voltage via an external resistive
voltage divider.

5 EN EN=HIGH to enable the SR1471B. For automatic start up, connect EN
to VIN using a 100kQ resistor.

6 BST Bootstrap for High Side Gate Driver. Connect a 10nF capacitor from SW to
BST Pin.
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6 Functional Block Diagram
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7 Absolute Maximum Ratings

. Supply Input Voltage: VIN t0 GND .....coicciiiiiiiiieeccieee ettt esiree e ssre e e stre e s s saae e e ssnraeeeesanreee s -0.3V to 19V
. Switching Voltage: SW t0 GND ...c..euiiiiiiee et e et e -0.3V to (VIN+0.3V)
. BoOt VOItage: BST 10 GND ...oooioiiieicieee ettt et e e et earee e e e (SW-0.3V) to (SW+6V)
. Other PiNS 0 GND ..ooiiiieiiiecieeeite ettt ettt st st e st e e s abe e sabe e e sabeesabaessbeesabaeenses -0.3Vto 6.0V
. Lead Temperature (SOIAering, LOSEC.) ..uuieiieiiiieeieeeeieeecteesteeecteeesteesteeestreeebeeesaseesnsaeebaeesareseseens 260°C
° JUNCHION TEMPEIATUIE e 150°C
L Vo] =Y LR L= 10] T = L L <R -65°C to 150°C
. ESD Susceptibility

HBM (HUM@N BOAY MOTEI) ...eeiiiiiee ettt ettt ettt e e ettt e e et e e e e et e e e eataeeeensaeeeeansaeeaeannreaaaan 2KV

MM (MACHINE IMOTEI) c.vveiiieiiieie ettt ettt et et eetre e e eebb e e eeaabe e e senbbeeesebbeeesesbeeeesasbeeeesnnrenas 200V
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8 Recommended Operating Conditions

° SUPPIY INPUL VOIAEZE VIN coceviieieiieie ettt ettt e e e ae e e e te e e s e abee e e e atee e e enraeeeennnenas 3.5Vto 17V
®  JUNCLION TEMPEratUre RANEE......couicuieieitieieeie ettt ettt ettt eereeevesteeraeebeeteeneereensennas -40°C to 125°C
o Ambient TEMPErature RANGE .....ccvcuieieeiieeieie ettt ete et ettt et esaeebe e aesbesteebeebeesaebeeseennenns -40°C to 85°C
Note:

1. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the
device. These are stress ratings only, and functional operation of the device at these or any other
conditions beyond those indicated under Recommended Operating Conditions is not implied. Exposure
to absolute—maximum-rated conditions for extended periods may affect device reliability.

2. The device is not guaranteed to function outside its recommended operating conditions.

9 Electrical Characteristics

Vin=12V, Ta=25°C, unless otherwise specified.
Parameter Symbol Test Condition Min | Typ | Max | Unit
Input Supply Voltage Vin 3.5 12 17 \Y
Ven =0V
Shutdown Current IsHDN 0.1 1 HA
measured into VIN pin. No load
. Ven =1Vand Ves=1V
Quiescent Current la 100 HA
measured into VIN pin. No load
VuvLoH Vin Rising 3.2 \Y
Under-Voltage Lockout Threshold
VuvioL Vin falling 3 \
ViH 1.5 Y,
EN Voltage
Vi 1.2 Y
HS Switch-On Resistance Ros(onjHs 150 mohm
LS Switch-On Resistance Rps(on)Ls 70 mohm
Current Limit lumir SR1471B 3.5 4.2 A
Oscillator Frequency fsw SR1471B 2200 kHz
Maximum Duty Cycle Dmax 92 %
Minimum On Time Ton_MIN 50 nS
Feedback Voltage Ve 0.8 \Y
Soft-Start Period Tss 1 ms
VIN Over-Voltage Vovp 18 Vv
Thermal Shutdown 150 [
Thermal Hysteresis 20 C
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10 Typical Performance Characteristics
VIN = 12V, VOUT = 3.3V, L = 6.8uH, TA = +25°C, unless otherwise specified.

Efficiency Efficiency Efficiency
Vin =5V, lour= 0.001A to 3A Vin = 12V, lour= 0.001A to 3A Vin = 17V, lour= 0.001A to 3A
100% 100% 100%
TSN LT
Tl T L N NSy
it N A WPz
80% Y * }_' 80% e
g
bl i /
60% 60% 60%
3 f £ “ g
= = =
5 40% m 8 40 5 a0% /]
2 /\ —VOUT=3.3v e —\OUT=3.3V S —VOUT=3.3V
& 7 —VouT-1.8v £ —vouT=18v & / —VOUT=1.8V
—VOUT=1,2V } —vouT=1.2v —\VOUT=1.2V
20% 20% 20%
A v v
4 4/ /:A‘
0% 0% 0%
0.0001 0.001 0.01 0.1 1 10 0.0001 0.001 0.01 01 1 10 0.0001 0.001 0.01 01 10
Loading (A) Loading (A) Loading (A)

Enabled Supply Current vs. Input  Disable Supply Current vs. Input

Voltage Voltage
Vin=3.5Vto 17V, lour= 0A Vin =3.5Vto 17V, lour= 0A
220 500
450
200 e
// 400
3 180 /, T 350
- = 300
g e e
£ 160 = £ 250
5 L~ 5
o O
- — 200
3 =4
a 140 o
£ £ 150
130 100
50
s e —
100 0 L=
30 50 70 90 110 130 150 170 30 50 7.0 90 110 13.0 150 17.0

Input Voltage(V) Input Voltage(V)
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Typical Performance Characteristics (continued)

VIN = 12V, VOUT = 3.3V, L = 6.8uH, TA = +25°C, unless otherwise specified.

Load Regulation Load Regulation Load Regulation
Vin=5Vto 17V, Vour= 1.2V Vin=5Vto 17V, Vour= 1.8V Vin=5Vto 17V, Vour= 3.3V
lour=0.001A to 3A lour=0.001A to 3A lour=0.001A to 3A

122 1.78 328
1.2 176 =t ] 3.26
TRl ~N St ||
S e =2 ==y % 174 —H i Z 2 ﬁ_
Y ® 1
£ N s N ¢ \
2 116 T 5 312
g —VIN=5V E —IN=5Y ‘g‘ —\N=5V
g —VIN=12V 3 —VIN=12V Q —VIN=12V
114 —vinz17v | | 1 | —wvin=irv || . —VIN=17V A
112 168 W 218
0.0001 0.001 0.01 0.1 1 0.0001 0.001 0.01 0.1 1 0.0001 0.001 001 01 1
Load Current (A) Load Current (A) Load Current (A)
Line Regulation Line Regulation Line Regulation
Vin =3.5Vto 17V, Vour= 1.2V Vin=3.5Vto 17V, Vour= 1.8V Vin=3.5Vto 17V, Vour= 3.3V
lout=10mA lout=10mA lout=10mA
1183 1.745 3.26
1.744
1.182 Vi 3.258
— / 1743 A _
s = = = W
?,0 1181 /[ % . - ln'n 3256 ’J_,J"JJ
£ A 2 1741 -‘/w % r
‘é_ 18 /ﬂ. ?1 /Lﬂr""’f 3 >y
g /--"/ 3 174 3 MJ""-—M-""’“
1179 -"-1_ . 3.252
1178 1.738 325
35 5 6.5 8 95 11 125 14 15.5 17 35 5 6.5 8 95 1 125 14 155 17 35 5 6.5 8 95 11 12.5 14 155 17
Input Voltage(V) Input Voltage(V) Input Voltage(V)
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Typical Performance Characteristics (continued)

VIN = 12V, VOUT = 3.3V, L = 6.8uH, TA = +25°C, unless otherwise specified.

Startup through Input Voltage Shutdown through Input Voltage Startup through Input Voltage

lour = 0.001A lour = 0.001A lout = 3A
VIN D / VIN D VIN /’ﬁ
SVidiv 5Vidiv 5Vidiv
M g _
F \ j
vour | vout Vvout JU
2Vidiv 2Vidiv 2Vidiv
20Vidiv 20v/div 20Vidiv
IIN i A N N N _
1A/div 1A/div 2Adiv
8ms/div 100ms/div 8ms/div
Shutdown through Input Voltage Startup through Enable Shutdown through Enable
lout = 3A lout = 0.00_1A lour = 0.001A
5w¢vilc ® 5VX-IEi: m; ! SVX-JEic L _
% |
Vout ® '\ /\ Vout s Vour -
2vidiv 2vidiv 2vidiv
20V/div : 10vidiv 10V/div
™ M ™ ——_ ™
2A/div e/ e ey 0. 1AJdV 0.1A/div
800us/div 400us/div 40ms/div
Startup through Enable Shutdown through Enable Input/Output Ripple
lour=3A loutr=3A lout=3A
[ ——] sunmms NP NN
VEN | VEN ® ) i i
SVidiv SVidiv
» \_ somnas NN NN
zmg z\’zzz" R . N SO
—-—_ i i N N i N i i A il i
Vsw Vsw TR vew
10V/div 10V/div q0Vidiv | P e e e e e e e
AV SN SN SSA
- _F N mmmmmt\l "
2A/div 2A/div 2Adiv
400us/div 20us/div 2us/div
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Typical Performance Characteristics (continued)

VIN = 12V, VOUT = 3.3V, L = 6.8uH, TA = +25°C, unless otherwise specified.

Transient Response Transient Response Short Circuit Entry
lout=1Ato 2A lout=1Ato 2A lour = 0A

¥ N |Ee—
vour ey Py

2vidiv !

Vsw E Vsw D
10Vidiv 10vidiv
VIN
b 1ovrdiv ©
VouT/IAC » VouT/ac M W ll w
200mvidiv | ' i 4

Vsw [—

10Vidiv L)
hiicmiminiomainiam O WO,
i B e |
lout lout m /m
1A/div 1A/div ‘ | ! !
N |
2A/div y J
40us /div 40us /div 1.6ms/div

Short Circuit Recovery

lout = OA
- —
2:1’::: [ — % S i
1nw:i‘c e i
Vew | !M W—
10Vidiv
o
N
2Aidiv " d
1.6ms/div
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11 Operation

The SR1471B is a high frequency, synchronous, rectified,

step-down, switch-mode converter with internal
power MOSFETSs. It offers a very compact solution to
achieve a 3A peak output current over a wide input
supply range, with excellent load and line regulation.
The SR1471B operates in a fixed frequency, peak-
current—control mode to regulate the output voltage.
An internal clock initiates the PWM cycle to turn on
the integrated high-side power MOSFET. This
MOSFET remains on until its current reaches the
value set by the COMP voltage. When the power
switch is off, it remains off until the next clock cycle
starts. If the current in the power MOSFET does not
reach the COMP set current value within 90% of one
PWM period, the power MOSFET is forced to turn off.

Internal Regulator

The 5V internal regulator powers most of the
internal circuits. This regulator takes Vv and
operates in the full Viyrange. When V\y exceeds 5.0V,
the regulator output is in full regulation. When Vy
falls below 5.0V, the output decreases.

Error Amplifier

The error amplifier compares the FB voltage against
the internal 0.8V reference (REF) and outputs a
current proportional to the difference between the
two. This output current charges or discharges the
internal compensation network to form the COMP
voltage, which is used to control the power MOSFET
current. The optimized internal compensation
network minimizes the external component counts
and simplifies the control-loop design.

Enable

EN is a digital control pin that turns the regulator on
and off: Drive EN HIGH to turn on the regulator, drive
it LOW to turn it off.

The EN pin is clamped internally using a 5.5V series-
Zener-diode as shown in Figure 1.

EN
v EN LOGIC

GND

Figure 1 : 5.5V Zener Diode

Connecting the EN input pin through a pullup
resistor to the V\y voltage limits the EN input current
to less than 100pA. For example, with 12V

connected to Vin, Reyuur= (12V-5.5V) + 100pA
=65kQ). Connecting the EN pin directly to a voltage
source without any pullup resistor requires limiting
the amplitude of the voltage source to < 6V to
prevent damage to the Zener diode.

Under-Voltage Lockout (UVLO)
Under-voltage lockout (UVLO) protects the chip from

operating at an insufficient supply voltage. The SR1471B

UVLO comparator monitors the output voltage of
the internal regulator, VCC. The UVLO rising
threshold is about 3.2V while its falling threshold is
consistently 3V.

Internal Soft-Start

Soft-start prevents the converter output voltage
from overshooting during startup. When the chip
starts, the internal circuit generates a softstart
voltage (SS) that ramps up from 0V to 1.2V: When SS
falls below the internal reference (REF), SS overrides
REF so that the error amplifier uses SS as the
reference; when SS exceeds REF, the error amplifier
resumes using REF as its reference. The SS time is
internally set to 1ms.

Over-Current-Protection and Hiccup

The SR1471B has a cycle-by-cycle over-current limit for

when the inductor current peak value exceeds the
set current-limit threshold. First, when the output
voltage drops until FB falls below the Under-Voltage
(UV) threshold (typically 0.15V) to trigger a UV event,

the SR1471B enters hiccup mode to periodically restart

the part. This protection mode is especially useful
when the output is dead-shorted to ground. This
greatly reduces the average short-circuit current to
alleviate thermal issues and to protect the regulator.
The SR1471B exits hiccup mode once the over current
condition is removed.

Thermal Shutdown

Thermal shutdown prevents the chip from operating
at exceedingly high temperatures. When the silicon
die temperature exceeds 150°C, it shuts down the
whole chip. When the temperature falls below its
lower threshold (typically 130°C) the chip is enabled
again.

Driver and Bootstrap Charging

An external bootstrap capacitor powers the power
MOSFET driver. This driver has its own UVLO
protection, with a rising threshold of 2.2V. VIN
regulates the bootstrap capacitor voltage internally
through D1, M1, R4, C4, L1 and C2 (Figure 2). If (VIN-
VSW) exceeds 4.5V, U2 will regulate M1 to maintain
a 5V BST voltage across C4.
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VIN

-
<
<

c3

— L1
U2 SW Vout
:l: c2

Figure 2 : Internal Bootstrap Charging Start-Up and
Shutdown Circuit

If both VIN and EN exceed their respective
thresholds, the chip starts. The reference block
starts first, generating a stable reference voltage and
currents, and then the internal regulator is enabled.
The regulator provides a stable supply for the
remaining circuits.Three events can shut down the
chip: EN low, VIN low, and thermal shutdown. The
shutdown procedure starts by initially blocking the
signaling path to avoid any fault triggering. The
COMP voltage and the internal supply rail are then
pulled down. The driver is not subject to this
shutdown command.
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12 Application Information

Setting the Output Voltage

The external resistor divider sets the output voltage.
The feedback resistor R1 also sets the feedback-loop
bandwidth through the internal compensation
capacitor (see the Typical Application circuit).

Choose R1 around 10kQ, and R2 by:
R1

Your _ 4
0.8V

Use a T-type network for when Vour is low.

R2 =

R3 R1
FB Vout

Figure 3: T-Type Network

Table 1 lists the recommended T-type resistors
value for common output voltages.

Table 1—Resistor Selection for Common Output
Voltages
Vout R1 R2 RT Lout | Cout
(V) | (kQ) | (kQ) | (kQ) | (uH) | (uF)
1.2 | 205 | 41.2 | 120 2.2 44
1.8 | 40.2 | 324 | 75 3.3 44
3.3 | 40.2 13 | 40.2 | 6.8 44

Selecting the Inductor

Use a 1pH-to-10pH inductor with a DC current
rating of at least 25% percent higher than the
maximum load current for most applications. For
highest efficiency, select an inductor with a DC
resistance less than 15mQ. For most designs, derive
the inductance value from the following equation.

L. = Vour X (Vin — Vour)
! VIN X AIL x fosc

Where Al is the inductor ripple current. Choose an
inductor current approximately 30% of the
maximum load current. The maximum inductor
peak current is:

I.max)y = ILoap + >

Under light-load conditions (below 100mA), use a
larger inductance for improved efficiency.

Selecting the Input Capacitor
The input current to the step-down converter is
discontinuous, and therefore requires a capacitor to

both supply the AC current to the step-down
converter and maintain the DC input voltage. Use
low ESR capacitors for the best performance, such
as ceramic capacitors with X5R or X7R dielectrics of
their low ESR and small temperature coefficients. A
22uF capacitor is sufficient for most applications.
The input capacitor (C1) requires an adequate
ripple current rating because it absorbs the input
switching. Estimate the RMS current in the input
capacitor with:

Vour Vour
Ic1 = ILoap X x(1- )
! Vin Vin

The worst-case condition occurs at Vin = 2Vour,

where : I
I — LOAD
C1 2

For simplification, choose an input capacitor with an
RMS current rating greater than half the maximum
load current.

The input capacitor can be electrolytic, tantalum, or
ceramic. Place a small, high-quality, ceramic
capacitor (0.1uF) as close to the IC as possible when
using electrolytic or tantalum capacitors. When
using ceramic capacitors, make sure that they have
enough capacitance to provide sufficient charge to
prevent excessive input voltage ripple. Estimate the
input voltage ripple caused by the capacitance with:

I.oap _ Vour

_ VOUT)
fgxCy Vin

AViy =
IN Vi

x (1

Selecting the Output Capacitor

The output capacitor (C2) maintains the DC output
voltage. Use ceramic, tantalum, or low ESR
electrolytic capacitors. Use low ESR capacitors to
limit the output voltage ripple. Estimate the output
voltage ripple with:

V A/
our_ - ouT

AVoyr = —2L
out fs X Ly Vin

) X (Rgsr + )

8 x f; X C,

Where L; is the inductor value and RESR is the
equivalent series resistance (ESR) of the output
capacitor.

The characteristics of the output capacitor also
affect the stability of the regulation system. The
SR1471B can be optimized for a wide range of
capacitance and ESR values.
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13 Layout Guidelines

For the best performance of the SR1471B, the basic principles listed should be strictly followed and
Figure 5 as reference.
. Place C1 as close as possible to the BST and SW pins respectively

. Place C5 and C6 as close as possible to the VIN pins respectively
. Place L1 as close as possible to the SW pins

. PCB layout of SW pins should be far away from sensitive analog areas such as FB

. For good regulation, the power traces should be wide and short especially for the high current
output loop

Figure 5: Sample Layout
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14 Package Information
TSOT-23-6L (16R) (FC) PACKAGE OUTLINE DIMENSIONS
D
b ™~ 0.250 REF.
[GAUGE PLANE
L Y
T e |
e
TOP VIEW SIDE VIEW
<
> _\I <
|
SIDE VIEW
Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max

A | e 1.100 0.043
Al 0.000 0.100 0.000 0.004
A2 0.700 1.000 0.028 0.039
D 2.850 2.950 0.112 0.116
E 2.650 2.950 0.104 0.116
E1 1.550 1.650 0.061 0.065
b 0.300 0.500 0.012 0.020
C 0.080 0.200 0.003 0.008
e 0.950(BSC) 0.037(BSC)
Il 0.300 0.600 0.012 0.024
) 0° 8° 0° 8°
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