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DATASHEET

6A Rated uPOLBuckRegulator with Inegrated Inductc

andDigital Power System Managem

Features

UPOWl packagewith output inductorincluded
Small size3.3mm x 3.3mnx 1.5mm
Continuous 6A load capability

Plug and play: no external compensation required
Programmableperation using thé’C serial bus
Wide inputvoltage range: 4§16V

Adjustable output voltage0.6;2.64V,

+0.5% initial accuracy

Enabled input, programmable undeoltage
lock-out (UVLO) circuit

Opendrain powergood indicator

Built-in protection features

Operating temperature fror40°C to +125°C
Leadfree and halogefiree

Compliant withEUDirectivesSREACH andoH®
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Applications

Storage applications

Telecom and networking applications
Industrial applications

Server applications

Distributed pointof-load power architectures
Computing peripheral voltage regulation
General DEC conversion

=A =4 = =8 =8 -8 9

Description

The FS306 is an easyo-use, fully integratecand
highly efficiet micro-point-of-load (LPOlt) voltage
regulator. The onchip pulsewidth modulation
(PWM) controller and integrated MOSFES; plus
incorporated inductorand capacitors result in an
extremely compactand accurate regulator. The
low-profile packageis sutable for automated
assembly usingtandard surfacenount equipment.

Developed by arossfunctional engineering teanthe
designexemplifesbest practiceand uses cladsading
technologies From early in the integrated circuit
design phase, designers worked with application and
packaging engineers to select compatible
technologies andimplement them in ways that
reduce compromiseThe ability toprogram aspects
ofi KS C {opemtionu@idgthe InterIntegrated
Circuit (#C) protocol is unique in this class of product.
Developing and optimizingll of these elements
together hasyielded the smallest, most efficient
and fully featurel 6 ALPOW currently available.

The builtin protection features include prhiased
start-up, softstart protection, ovetvoltage protection,
thermally compensated oveurrent protection with
hiccup male, thermal shudown with auterecovery.
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S&TDK

Pin configuration

FS1406POL

1 s HFH: 31 [ 15 | 1]
[Zj r16T r17$ 11% 12ﬁ:ﬁ17 16
3 R
4 o 4
s 9 5]
67 ) 5 7 a

Figure 1 Pin layout (top view)

Pin functions

Figure 2 Pin layout(bottom view)

EIIL?mber Name | Description

1 SDA | I’C Data Serial Input/Output linet dzf f dzLJ G2 o0dza @2 (fludied tie kolSKd.

5 PG Power Good ste_ltusOpen drain of an i.nternal MQSFET. ] i
Pull up to ¥c¢ pin 10 or an external bias voltageigure J¢g A UK | ndpdp]i m NI J

3 En Enable._Switches the FS1406 on and off. ®arused with two external resistors @t an external
UVLOFigure 6.

4 SCL |I’C Clock linePulluptobus®f G 3S g A (G K I unusedptetorsndNB & A & G 2 NX

5 Vos Voursense pinConnect directly to the regulator output ¢\y.

6 ADDR | Address.Connect to AGnd through a resistor to program FS1406 address {page

7 Voutr | Regulator output voltagePlace output capacitors between this pin and PGnd &pin
Power ground.Serves as a separate ground for the MOSFETs. Connect to the power ground pla

8,16 PGnd the application.

9 AGnd | Signal groundServes as the ground for the internal reference and control circuitry.

10 Vee Supply voltageMay be an input bias for an externatdvoltage or the output of the internal LDO
regulator.

11 Vin Input voltage.Input for the internal LDO regulator.

15’13’14 PWn Power input voltage Input for the MOSFETS.

15 Vsw Test point for nternal Vsw. Connect to an isolated pad on the PCB.
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STDK FS1406POL

Block diagram

VIN
AGnd %
Low Drop-Out
fau (t00)
Internal Reference Vour PV, Regulator v
(Digital-to-Analog ¢ ¢ ce |
Converter (DAC)) ||
Pulse Generator i
Vos [ for Pulse Width P_WM= - J L1PY,,
Soft | | Modulation (PWM) signal HDrv o =&
SDA I2C + Start gisgnal Gate: Drive i
SCL Memory Logic and /l L
OTP fault V. HDrv Deadtime ! YNy
Addl thermal rc ‘ Control \&c |,_ o
ress hut-d ¥ LDrv 4 =K
ADDR [F— Detector il fault
adjustment/margining c | /‘ g
L ontro [1PGn
En and Fault —l—
PG Logic
: power-on reset
Figure 3 FS1406 uPQL
Typical applications
4.5-16V Vour 25c16V V,
. ouTt
D PV|N ://OUT D Iﬁ_i— I:)\/IN VOUI D
is Vi os = Vos
= L] | V|N
— SDA 1 N Joa
JE— SCL T ] g]_ _
— ADDR — ADDR
—1 PG PGnd ] —_ PG PGnd ]
T ——En AGnd -4 I — | AGnd 4
Figure 4 Single supply applications circuit Figure 5 Dual supply applications circuit
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STDK FS140PO

Absolute maximum ratings

Warning: Stresses beyond those shown may cause permanent damathe ©S1406.

Note: Functional operation of the FS1406 is not implied under these or any other conditions beyond those stated in
the FS1406 specification.

Reference Range
P\n, My, En to PGnd -0.3V to 18V (Noté, page9)
Vecto PGnd -0.3V to 6V (Not@, paged)
Vosto AGnd -0.3V to \¢c(Note 2, page9)
PG to AGnd -0.3V to \¢c(Note 2, page9)
PGnd to AGnd -0.3V to +0.3V
ESD Classification 2kV (HBMIESD22114)
Moisture Sensitivity Level MSL JJEDEGSTBR020D)
Thermal Information Range
Junctionto-Ambient Thermaw S & A & Gak Yy OS =  [22.6°C/W
Junction to PCB ThermalS & A & Gekey OS ° 2.36°C/W
Storage Temperature Range -55°C to 150°C
Junction Temperature Range -40°C to 150°C
Note: ™ ja: FS1406 evaluation board and JEDEC specifications J28D 51

" 3¢ pottom): JEDEC specificatidRSD 58
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Orderinformation

Package details

FS1406POL

The FS1406 useskat h [ umnox®.@ mm package delivered in taped-reel format(Figure 33, with either
250 or 4000 devices on a reel.

Standard @rt numbers

Output voltages of 0.6V to 2.84are available.

Part numbers
Vour 250 devices on areel | 4000 devices on a reel
0.60 FS1408600AS FS14060600-AL
0.70 FS1408700AS FS1408700-AL
0.75 FS1408750AS FS1408750AL
0.80 FS1408800AS FS14060800-AL
0.90 FS1408900AS FS1406)900-AL
1.00 FS1406L000AS FS1406L000-AL
1.05 FS1406L050AS FS1406L050-AL
1.10 FS1406L100AS FS1406L100-AL
1.20 FS1406L200AS FS1406L200-AL
1.80 FS1406L800AS FS1406L800-AL
2.50 FS140&2500AS FS14062500-AL
2.64 FS140&2640AS FS14062640AL
3 2z
Vg, code g 3
FS$1406-xxxx-yz FS$S1406 - E - B
|\|— Quantity of devices on reel : J Do
Reserved for base address ' ||
V,,; code - output voltage in mV xxxx =V (Volts) x 1000 .| s=250 pieces
L = 4000 pieces
Example
For an output voltage of 1.8V, A
Vour code is 1.8 x 1000 = 1800
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Recommendedperating conditions

FS14061POM

Definition Symbol Min Max Units
Input Voltage Range with ExternaldNote 3 Note 5 PMn 2.5 16

Input Voltage Range with Internal LDbte 4 Note 5 PMn, Mn 4.5 16 v
Supply Voltage RangBlote 2) Vce 4.5 5.5

OutputVoltage Range Vo 0.6 2.64

Continuous Output Current Range lo 0 6 A
Operating Junction Temperature T -40 125 °C

Electrical characteristics

ELECTRICAL CHARACTERISTICS

Unless otherwise stated, these specifications apply over: 4.5V g PUn< 16V,0°C < T < 125°C
Typical values are specified at ¥ 25°C

Parameter ‘Symbol Conditions ‘ Min| Typ‘ Max| Unit
Supply Current
Vin Supply Current (Standby) [N (STANDBY) Enable low 1
Vin Supply Current (Static) Iin (sTATIC) No switching, En = 2V 2 mA
Vin Supply Current (Dynamic) lin (DY) :‘Ag?\?:'/;\' = 12V, Yur= 1.8V, 19 |25
Soft-Start
SoftStart Rate | SSare(defaul) [ (Note 7 | Jos5 ] |Vvims
Output Voltage
Vout(default) 1.8 \%
Output Voltage Range . Vout MOby + 5
V (resolution) VouTiKl. Y, Y 10 mV

Ty= 25°CP\Wn= 12V Vout= 1.8V +0.5

(Note 6) e

25°C <Kk 125°C, Rv= 12V,
Accuracy 0.6V)KVour< 1.0V (Note 6) 12 *12| %

25°C <Kk 125°C, Rv= 12V, 1 +1

1.0V>KVountQ.64V (Note 6)
On-Time Timer Control
OnTime Ton Pvin= 12V, Yur= 1.8V, lw=2MHz |70 |80 |90
Minimum OnTime Tonmin) (Note 7 50 ns
Minimum OftTime ToFFMIN) PWn= 1.8V, Yur= 1.8V, bw=2MHz 220 |256
Internal Low DropOut (LDO) Regulator
LDORegulatorOutput Voltage Vee 22:// ;V{:N_<156 \S/VQ;OiOZrSQ A jg 52 |55 vV
Line Regulation Vin 5.5V Vin = 16V, 20mA 50 mv
Load Regulation Vb 0¢20mA 100
Short Circuit Current IsHoRT (Note 7 70 mA
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FS14061POM

ELECTRICAL CHARACTERISTICS

Unless otherwise stated, these specifications apply over: 4.5V g PUn< 16V,0°C < T < 125°C
Typical values are specified at ¥ 25°C

Parameter |Symbo| |Conditions ‘ Min| Typ‘ Max| Unit
Thermal ShuttDown
Thermal ShuDown TSD (dfault) 145 o
- C
Hysteresis 25
UnderVoltage LockOut
VccStart Threshold Vee UVL@TarT) VccRising Trip Level 3.7|4.0 |4.2
VccStop Threshold Vee UVL@GTop) VccFalling Trip Level 3.6 3.8 |3.95
Ennich) Ramping Up 1.1(1.2 |1.3 v
Enable Threshold Encow) Ramping Down 091 |1.06
Input Impedance Ren 500({10001500 1 K
Current Limit
Current Limit Threshold loc(default) T;= 25°CPW= 12V, Yur= 1.8V 7.2|7.8 |85 A
Hiccup Blanking Time TeLK(HICCUP) 20 ms
OverVoltage Protection
?#:g:;g;ewo'tage Protection |, _(default) OVP DetectNote 7), Vour= 1.8V | 115|120 [125 | Vo6
Output Overvoltage Protection Delg TovepeL 5 us
Power GoodPG)
Power Good Upper Threshold Veguprpeddefault) | VoutRisingo 1.8V 85 |90 |95 Vo
Power Good Hysteresis VPG(LOWER) VoutFallingfrom 1.8V 5
Power Good Sink Current lpc PG =0.5V, En = 2V 9 mA
ELECTRICAL CHARACTERISTICS
Unless otherwise stated, these specificationspp over: 4.5V < PN=Mn< 16/, 0°C < T < 125°C
Typicalvalues are specified ataFE 25°C
Parameter ‘ Symbol Conditions Fastmode Fastmode Plus
I°C parameters (et 7o el Min Max Min Max unit
parameters)
I’Cbus voltage VBus 1.8 5.5 1.8 5.5
LOWilevel input voltage Vi L0.5 0.3\kus £0.5 0.3\kus
HIGHIevel input voltage ViH 0.7\kus 0.7\bus
Hysteresis Vhys 0.05\bus 0.05\bus
(opendrain or open Vv
LOWilevel output voltage 1 | Vo1 |collector) at 3mA sink 0 0.4 0 0.4
current; \bp> 2 V,
(opendrain oropen
LOWilevel output voltage 2 | Vorz |collector) at 2mA sink 0 0.2\kus 0 0.2\kus
current; \bp>dK H 3
VoL=0.4V, 3 - 3 -
LOWIlevel output current loL VoL=0.6V 6 i 6 i mA
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ATDK FS140PO

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, these specificationsgp over: 4.5V < P=\Mn< 16/, 0°C < T < 125°C
Typicalvalues are specified ataF 25°C
Parameter | Symbol Conditions Fastmode Fastmode Plus

Unit
I°C parameters (N1t et el Min Max Min Max

parameters)

Output fall time Tor |From \umint0 ViLmax 20 x (Mugb.5V) 250 20 (\\/d;UiS'S 125
Pulse width ofpikes that ns
must be suppressed by the| Tsp 0 50 0 50
input filter
Input current each I/O pin Iy b10 10 b10 10 | >!
Capacitance for each I/O pi| G - 10 - 10 pF
SCL clock frequency FscL 0 400 0 1000 | kHz
Hold _tl_me (repeated) STAR TupsTa After this tlme, the first 06 i 0.26 )
condition clock pulse is generateq
LOW period of the SCL clo¢ Tiow 1.3 - 0.5 -
HIGH period of the SCL clo| ThicH 0.6 - 0.26 - > 3
Setup time for a repeated
START condition Tsuista 0.6 i 0.26 i
Data hold time Tho;paT| I’Gbus devices 0 - 0 -
Data setup time Tsu;pat 100 - 50 -
Rlse time of SDA and SCL T, 20 300 i 120
signals ns
Fall time of SDA and SCL | 20 x (/5.5 V)| 300 |20 x (¥/5.5V) 120
signals
Setup.tlme for STOP Teustol 06 i 0.26 )
condition > 5
Bus free time between a T 13 i 05 )
STOP and START conditiof " ' :
ﬁ:ne;pacmve load for each bu G i 400 i 550 | pF
Data valid time Tvp;paT - 0.9 - 0.45 > 4
Data valid acknowledge tim| Tvp;ack - 0.9 - 0.45
Noise margin at the LOW
Iev:al g WnL | For each connected 0.1\bp - 0.1\bp -
Noi atthe HIGH device,including \%
Ie(\)/lasle margin at the Van | hysteresis 0.2\bp - 0.2\bo -
SDA timeout Tro 200 200 >3
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ATDK FS140PO

Notes

PGnd pin and AGnd pin are connected together

Must not exceed 6V

Vinis connected to ¥cto bypass the internal Low Dreput (LDO) regulator
Vinis connected to PN (for singlerail applications with PN=Vin=4.5\/5.5V)
Maximum switch node voltage should not exceed 22V

Hot and old temperature performancés assted by correlation using
statistical quality contrgbut not tested in productionperformance at 2°Cis
tested andguaranteed in production environment

7 Guaranteed by design but not tested in production

UL WN P
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Temperature daracteristics

Output Voltage Vin Supply Current (Dynamic)
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On Time Switching Frequency
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Efficiency characteristics

Typicalefficiency and power loss at RV= 12V

PMn= 12V, Internal LDO usedA 0ABA, room temperature, no air flow, all losses included

FS14061POM
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STDK FS1406POL

Typical efficiency and power loss at R¥ 5V
P\Wn = Mn= ec= 5V, b= OABA, room temperature, no air flow, all losses included
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Typical load regulation
P\n= 12V, internal LDO used,4 0A6A, room temperature, no air flow

Load Current (mA)

0 1000 2000 3000 4000 5000 6000
0,100 —8—VOUT=0.6V
—e—VOUT=0.8V
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X
H VOUT=1.8V
° s
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S —8—VOUT=2.5V
&
-
B -0.900
o
—
-1.100
-1.300
-1.500

PN = Mn=\ec= 5V, b= 0A6A, room temperature, no air flow, all losses included

Load Current (mA)
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Applicationsinformation

Overview

The FS1406 @n easyto-use, fully integrated and
highly efficient DC/DC regulatoispects of its
operation, includingoutput voltage and system
optimization parameters, can be programmed
using the iC protocol It uses a proprietary
modulator to deliver fast transient responsed he
modulator has internal stability compensationso
that it can be usedn a wide range of applications
with varioustypes of output capacitors without
loop stability issues

Bias voltage

TheFS1406 has an integratédw Drop-Out (LDO)
regulator, providing the DC bias voltage for the
internal circuitry. The typical LD@gulatoroutput
voltage is 5.%. For internally biased singteil
operation, the Vi pin should be connected tthe
PMn pin (Figure §. If an external bias voltage is
used,the Viy pin should be connected tthe Vcc
pin to bypass the internal LD®gulator(Figure 7.

The supply voltage (internal or external) rises with
Vin and does not need to be enabled using the En
pin. Consequently2C communication can begin as

soon as:

T Vec UVLO start threshold exceeded
1 Memory contents are loaded

1 Initialization is complete
1

Address offset is read

Note: Until initialization is complete a small

Thel’Cbus may be pulled up either tocyor to a
system I°C bus voltage. The FS1406 offers two
ranges for the?Cbus voltagedefined bythe user
register bitBus_voltage_sel

Register Bits Name/Description
Ox1A [1] Bus_voltage_sel
0:1.8;2.5V, 1: 3.85V
PV
1
PVIN VIN T
REN1§ —
En F$1406

REN2§

Figure 6 Single supply configuratiarinternal LDO
regulator, adjustablePMy UVLO

En
FS1406 —_ (optional)

fSFE{1F3S OdzNaBofifrondtiieo dn x ! 0 =

device into the output This may significarly
pre-bias the output voltagein applications
with long Mw/Vccrise times To prevent this
a small load capablef sinking 3.4pA should
be connected in such applications

Figure 7 Using an external bias voltage
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I°’Cbaseaddressand offsets

The FS1406 has a wuser register called
Base addres$7:0] stored in memory thatsetsits

basel?’Caddress The default base address is 0x08.

An offset of @3 is thendefined by connectinghe
ADDRpin to the AGnd pin either directly or
through a resistorAn address detector read$e
resistince of the connectiomt startup and uss it
to set the offset, which isdded to the basd’C
address to set the addresg which te I°C master
devicewill communicate with the=S1406

To selecbffsets of 0 to 3connect the pins as follows

T 0 ¢ Om(shortADDRo AGnd
T +1 ¢ mMmnim
T +2 ¢ HAlMm
T +3 ¢ >3011 m

Soft-start andtarget output voltage

TheFS1406has an internal digital softtart circuit
to control output voltage ris¢ime andlimit current
surge at start-up. When Vcc exceedsits start
threshold (Vcc UVL@rTaryy the FS1406exits reset
mode; thisinitiates loading ofthe contents ofthe
non-volatile memoryinto the working registersind
calculates theaddress offseasdescribed above

Once initialization is completend the Erable En
pin has beenasserted (Figure 8§, the internal
reference sofistarts to the target output voltage
at the ratedefined bythe user register biES_rate

Register Bits Name/Description
0x14 [3] SS_rate
0:0.5mV/us (default),
1:1 mV/us

During initial startup, the FS1406 operates with a
minimum of highdrive (HDrv) pulses until the
output voltage increases (seé&witching frequency
and minimum values for atime, offtime on page
18). Ontime is increased until 3t reaches the
target value defined by the user register biout_
high_byteand user registe¥out_low_bytg7:0].

En

Initialization done
PG

; Target output voltage
Internal vV

ouT

1 gx P
7 0.9%Y, ),

ss L
SS-Time

Figure 8 Theoretical operational waveforms
during soft-start

Register Bits Name/Description
0x12 [0] Vout_high_byte
0x13 [7:0] Vout_low_byte

Vouris setin incrementsof 5mV for target voltages
up to 1.8V, andLlOmV increments for target output
voltages from 1.8V to B4V. Use the following
equation to calculatethe Vour code to enter into
Vout_high_byteandVout_low_bytg7:0]:

weéd

TS TT U
i Qi € 00 Q¢ ¢

All voltages and resolutions are Vfolts

wEéd

For example:
To set Vburl M+ 8, Hésotbtjon of 5mV):

™ TEITU
P TS TV
Tt v

120 is 078 in hexadecimal, therefore:
SetVout_high_byteto 0
SetVout_low_byteto 78 or (01.11000)

weéEd

pPCT
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To set Yur=2.5V (>1.8V, resolution ofL0mV):

e T1@8ip
TS TT U
T8t p

170 isOAAIn hexadecimal, therefore:
SetVout_high_byteto 0
SetVout_low_byteto AAor (101010D),

Overcurrent protection (OCP) and owveoltage
protection (OVP) is enabled during saftart to
protect the FS1406 from short circuits and excess
voltagesrespectively

c®

WED pXT

For maximum system accuracy, the recommended
way to set the output voltage is byrggranming
the user registers with the appropriate codEor
optimum performance when using this approach,
the change in output voltage should not exceed
+20% of the preset default output voltage.

However,another option is to combin@n FS1406
pre-programmed to 0.6V with a feedback resistor
divider (Figure 9. Thisgives system designetthe
flexibility to design all the power raiis the system
across the output voltage rangeom 0.6V t02.5V
using a single part, @dhe expense of a worstase
error of no more tharan additional1%

VOUT PV|N

I H

RTOP§

os FS1406

RBOTI'OM §

Figure 9 Setting the output voltage with an
external resistor divider

The equation below describes the appropriate
resistor divider selection to set the output voltage
using a FS1406 programmed to 0.6V.
v ’

- P TW pPBIT X

Y
It is recommended that system designers place a
capacitorof 4.7pF to 47pkn parallel with Rog for
which avalue of 40.2KK is recommended. The
recommended value for g8rromdepends on the
output voltage, as shown in the following tablé
Rsotrrov™ 10Q Kit is recommended to use a lower

Rror such as 4.0R K with the compensatin
capacitor in the 47pF to 4PpF range.

Vout(V) Rror/ Rsotton Vout(V) Rrop/ ReotTo
0.65 0.08725 1.55 1.658
0.7 0.1745 1.6 1.745
0.72 0.2094 1.65 1.833
0.75 0.26175 1.7 1.92
0.78 0.3141 1.75 2.008
0.8 0.349 1.8 2.095
0.85 0.4363 1.85 2.182
0.88 0.489 1.9 2.27
0.9 0.524 1.95 2.357
0.95 0.611 2 2.445
1 0.698 2.05 2.532
1.05 0.785 2.1 2.619
1.1 0.873 2.15 2.706
1.15 0.96 2.2 2.794
1.2 1.047 2.25 2.881
1.25 1.135 2.3 2.968
1.3 1.222 2.35 3.056
1.35 1.309 2.4 3.143
1.4 1.397 2.45 3.222
1.45 1.484 2.5 3.318
1.5 1.571

Foroutput voltagesover 1.8V, the output current
and input voltage range are restricted by
minimum ofttime (the shortest time for which the
FS1406 can be switched offFS140&500 and
FS14062640 are recommended for 2.5V and 2.64V
applications respectively.
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Pre-biased start-up

The FS1406 can start up into a jofearged output
smoothly, without causing oscillations and
disturbances of the output voltage. When it starts
up in this way, the Control and Synchronous
MOSFETSs affercedoff until the internalSoftSart
(SS)signal exceeds the sensed output voltage at
the Vospin. Only then is the first gate signal of the
Control MOSFET generatefbllowed by comple
mentaryturn on of the Synchronous MOSFEHTe
Power Good(PG)function is not active until this
point.

Shutdown mechanisms
The FS1406 has two shdibwn mechanisms:

1 Hard shutdown or decay according to load
Initiated by deasserting the En pin.
Bothdrivers switch off and the digitdb-
analog converter (DAC) and sefart are
pulled down instantaneously.

1 SoftSop or controlled ramp down
Initiated by setting user register bit
SoftStopEnableto 1 and user register bit
SoftDisableto 1. TheSSsignal falls to 0 at the
same rate as it rises during staup; the drivers
are disabled only when it reaches 0. The output
voltage then follows th&Ssignal down to O.

The SoftDisablebit must not be toggled while
the part is enabled and switching. Instead, for
applications requiring softop, this bit must
be set to 1 and, with the En pin asserted, the
SoftStopEnablebit must be toggled to soft
start or softstop the device.

By default, both theSoftDisablebit and the
SoftStopEnablebit are 0, which means that
soft-stop operation is disabled by default.

Switching frequency and minimum
values for ontime, off-time and P\W

The switching frequency of the FS1406 depends on
the output voltage. For an output voltage of 1.8V,
the switching frequency is nominally 2MHz.

When the output voltage is set by programming
the user registers, the appropriate switching
frequency is also programmed at the factory.
Whenthe output voltage is set usingn external
resistor divider, the switching frequency
automatically agusts to theappropriate value:

., @
O ¢uv@Oa -
Therefore, with either method, system designers
need not concern themselves wittselecting the
switching frequencyand have one fewer design
task to manage.

When input voltage is high relative to target
output voltage, the Control MOSFET is switched on
for shorter periods. The shortest period for which
it can reliably be switched on is defined by
minimum ontime (Tonnin). During starup, when
the output voltage is very small, the FS1406
operates with mininum ontime.

When input voltage is low relative to target output
voltage, the Control MOSFET is switched on for
longer periods. The shortest period for which it can
be switched off is defined by minimum diie
(Torrmiy).  The  Synchronous MOSFET stays on
during this period and its current is detected for
overcurrent protection. This dictates the
minimum input voltage that can still allow the
device to regulate its output at the target voltage.

Figure 10 shows the minimum input voltage
required for some typical output voltages. This
curve assumes typical efficiency numbers; since it

Register Bits Name/Description is affected by efficiency, system designers should
0x14 [2] SoftStopEnable validate the values in their own alppations.

0x1C [3] SoftDisable
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Rail #2
94 -
6
1
7 PV, Vi T
=6 1
s s REN1§ —
£,
! En
3] FS1406
24
14 REN2§
0.‘75 1.;30 l.‘25 1.50 l.‘?S 2.(‘)0 2.‘25 2.‘50
Vout (V)
Note:  Vin=\tc=5V for PM< 4.2V .
Figure 10 Minimum input voltage requirements Figure 11 En pin used to monitoother rails

Enable(En pin

TheEnable En pin has several functions

)l

for sequencing purposes

PV,=V,=En =12V

It is usedo switchthe FS140®n and off It

has a precise threshold, which is internally
monitored bythe UVLO circuitlf it is left
FE2F0Ay3aT |y Aplls§aoyn f
to prevent theFS140eingswitchedon
unintentionally.

It can be used to implemerprecise input
voltage UVLOIhe input of theEnpin is

derived from theP\{y voltage by asetof ov
resistive divides, Reniand Rnz(Figure 6.

Users can program the UVLO threshold voltage

by selecting different ratiasThisis a useful OV e e at Togic Tow
featurethat stops theFS1408egulatingwhen
P\ islower than the desired voltage.

It can be directly connected to Rivithout
external resistivalividersfor some space
constrained designsThis is a useful feature for
standalone starup, when no lgic signal is
available to enable th&S1406

It can be used to monitor other rails for a
specific power sequencing schenfégure 1.

90% of V,,

PG

Figure 12 Start-up: PMy, Vinand En pindied together,
PGpin pulled up to an external supply
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PV, =V, =12V

cc

Ve UVLO v

Initialization done

ov En>1.2V
| ! VOUT
o | " /90% of V,

PG stays at logic low

Figure 13 Start-up: En pinassertedafter Py and Vi,
PGpin pulled up to an external suppl

For \burto start up as defined by the seétart rate
requires correct sequencing:

T PMymust start up before dcand/or Enable.

1 PMymust ramp down only after dhas
ramped down below its UVLO threshold
and/or Enable has been eesserted.

Over-current protection (OCP)

Overcurrent protection (OCP) isprovided by
sensing the current through the pRony Of the
Synchronous MOSFEWhen this current exceeds

the OCP threshold, a fault condition is generated.

This methodorovides several benefits:

9 Provides accurate oveurrent protection
without reducing converter efficiency
(the current sensing is lossless)

T Reduces cost by eliminating a curresgnse
resistor

1 Reaucesany layoutrelated noise issues.

The OCP threshold @efined bythe user register
bits OGSet

Register Bits Name/Description

0x15 [2:0] OCSet

2:8A(default), 1:6A, 0: 4A

The threshold isnternaly compensagd so that it
remairs almost constantat different ambient
temperatures

Whenthe current exceeds the OGRreshold the
PGand SSsignas are pulledlow. The $nchronous
MOSFETemains onuntil the current falls to 0,
then the FS1406enters hiccup moddFigure 13
Both the Control MOSFE®&Nd the Synchronous
MOSFETemain off forthe hiccupblanking time.
After this time, the FS140@ries to restart. If an
over-current fault is still detected, the preceding
actions are repeated. The FS1406 remains in
hiccup mode until the overcurrent fault is
remedied

———————————————— current limit

. hiccup

i blanking ﬁmea\/\/\
—————Pp

P |

inductor current

HDrv|7

LDrv

i

=

|
|
i
PG 1
|
|

Figure 14 lllustration of OCP in hiccup mode
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Over-voltage protection (OVP)

Overvoltage protection (OVP) is provided by
sensingthe voltage atthe Vos pin. When Vos
exceeds theoutput OVP threshold for longer than
the output OWP delay (typicdly p > aa fault
condition is generated

The OVPthreshold isdefined by the user register
bits OV_Threshold

Register Bits Name/Description

0x17 [1:0] OV_Threshold
0:105% ofVout
1:110% olour
2:115% ofVour

3:120% oMour (default)

The Control MOSFEIE switched off immediately
and the PG pinis pulled low.The Syntironous
MOSFETs switched on to discharge the output
capacitor.

The Control MOSFET remains latched off until reset
by cycling either €Cor En.The voltage at th&OS

pin falling below the output OVP threshold (with
5% hysteresis) does not switch on the Control
MOSFET buit does switch off the Synchronous
MOSFET to prevent builgh of negative current.

Figure 15shows atiming diagram for overoltage
protection.

OVP delay = 5us

Figure 15 lllustration of latched OVP

Overtemperature protection (OTP)

Temperature sensing is provided inside the
FS1406. Th&©TPthreshold isdefined by theuser
register bis OT_Threshold

Register Bits Name/Description

0x19 [1:0] OT_Threshold
0:75°C

1: 85°C
2:125°C

3: 145°Qdefault)

When the threshold is exceeded, thermal shut
down switches off both MOSFETs and resets the
internal softstart, but theinternal LDO regulator is
still in operation.

Automatic restart is initiated when the sensed
temperature drops within the operating range.
There is a 20°C hysteresis in tB&Pthreshold.

Power Good(PG)

Power GoodPG)behavior isdefined by the user
register bitsPGControandPG_Threshold

Register |Bits Name/Description

0x18 [1:0] |[PG_Threshold
0:80%o0f Vout

1: 85%of Vout

2: 90%of Vout (default)

3: 95%of Vout

0x14 [0] PG_Control
1:Threshold based (default)

0: DAC based
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PG_Threshold bit

The user register bPG_Thresholdlefinesthe PG
threshold as a percentage ob). Hysteresis of 5%
is applied to this, giving a lower threshold.

When \4srises above the upper threshold, thRG
signalis pulled high. When 3¢ drops below the
lower threshotl, the PGsignal is pulled low.

PGControl bit set to 1 (default)
Figure 16hows PG behavior in this situation.

The behavior isthe sameat startup and during
normal operation The PG signal asserted when

1 EnandVccare both above their thresholds

1 No faulthas occurred
(includingover-current, over-voltageand
overtemperature)

1 Vouris within thetarget range
(determined by continuously monitoring
whether \bsis above thé?Gthreshold)

90% V,,,

85% VO{ 90% V,,,;

PG

Figure 16 PG signalwhen PGControl bit=1

PGControl bit setto 0
Figure 1&hows PG behavior in this situation.

In normal operation, he PGsignalbehawes in the
sameway as when the?GControbit is 1

At startup, however, the PGsignal is assertedfter
soft-start iswithin 2% of target output voltagenot
whenVosexceeds the uppePGthreshold.

For prebiased starup, the PGsignalis not active
until the first gate signal of th€ntrol MOSFETs
generated.

FS1406also integrates an additional MOS in

parallel to the MOSinternally connected to the
PG pin(Figure 3. This mMOSallowsthe PGsignal
to stay atlogic low evenif Vccis low and the PG
pin is pulled up to arexternal voltagenot Vcc
(Figure 12andFigure 13.

1198% of target output voltage

:: )

Figure 17 PG signalvhen PGControl bit=0
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Design example

Let us now consider a simple design example, using
the F3406for the following design parameters:

T PMn=MWv=12V

ﬂ VOUT: 1.8V

1 Fsw=2MHz

1T Gur=2 E HH>C

f G H E HH>C
1 Ripple Voltage = + 1% ®tW
T N surmaxE B%* Vour

(for 50% load transient)

Input capacitor
The input capacitor selected for this design must:

1 Handle the peak and root mean square (RMS)
input currents required by the E806

1 Have low equivalent series resistance and
inductance (ESR and ESLeduce input
voltage ripple

MLCCs (muHiayer ceramic capacitors) are ideal.
Typically, in 0805 case size, they can handle 2A
RMS current with less than 5°C temperature rise.

For a buck converter operating at duty cycle D and
output current b, the RMS Jae of the input
current is:

'O  0¢0p O

In this applicationd=6Aand0 —— T@® v

ThereforelrusI H MmN !
16V ceramic capacitors for the input capacitors
(C3216X5R1C226M160AB from TDK).

If the F8406is not located close to the 12V power
supply, a bulk capacitor (8 o n >CU0 Y I &
addition to the ceramic capacitors.

For W, which is the input to the LDO, it is
NBEO2YYSYRSR (2 dzaS |
the pin. The W pin should be conected to P\

M>C OF LI OAG2N) SN Of 248

Output voltage and output capacitor

The F3$406 is supplied preprogrammed and
factory-trimmed in a closed loop to the target
voltage specified forhe part number. As a result,
no external resistor divider is required and resistor
tolerances are eliminated from the error budget.

The design requires minimal output capacitance to
meet the target output voltage ripple and target
maximum output voltage ddation under load
transient conditions.

For the F$406 the minimum number of output
capacitors required to achieve target petakpeak
Vourtripple is:

r Fi434= I
ML i T

di 8 Yo

where:

T Nwmin= minimum number of output capacitors
1 D=duty cycle
C= equivalent capacitance of each output
capacitor
Fsw= switching frequency
ESR= equivalent series resistance of each
output capacitor
1 ESI= equivalent series inductance of each
output capador
17 Yo
= target peako-peak \surripple
This design uses C2012X5R0J226K125AB from TDK;
GKAAd Aa F HH>C a[/ll Z

= =4

MH>C
NEB &

derating, it has an equivalent capacitan2et
@ 91jdA @t Syid aSNARSa
equivalent series inductance is 0.44nH (ESL).

0 SPuttiag thdse pardmeters into the equation gives:

NM|N= 1.27

G2

0KNRdAK | HPTm NBaAAAG2NY ¢23SGKSNE GKS HodtTm NBaia
YR mM>C OF LI OAG2 NI FAEGSNI y2A4S 2y t =+
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To meet the maximum voltage deviatign .2«
under aYOload transient, the minimunrequired
number of output capacitors is:

8 yE
Yo 0o 6
where:
f Y'O=load step
1 Yo = target maximum voltage deviation
1 "O = switching frequency
1 C= equivalent capacitance of each output

capacitor

Again, usingC= 12 Cx2 AdG OFly 068
minimum number of otput capacitors required is
0.4

In our design intended for spa@®nstrained
applications, therefore, we use two
C2012X5R0J226K125AB capacitors.

It should be noted here that the calculation for the
minimum rumber of output capacitors under a
load transient makes some assumptions:

a) No ESR or ESL
b) Converter can saturate its duty cycle instantly
c) No latency

d) Step load (infinite slew rate)

Assumptions (a), (b) and (c) are liberal, whereas (d)

is conservative. Therefe, in a real application,
additional capacitance may be required to meet
transient requirements and should be carefully
considered by the system designer.

The typical application waveformis Figure 26and
Figure 27show the steady state dérripple as well
as the voltge deviation in response to @% load

transient. These wa¥erms show that the

selectionofwoH H>C OI LI OAG2NAE YS

criteria.

It should be noted that even in the absence of a
target \bur ripple or target maximum voltage
RSOAFGA2Y dzy RSNJ f 2 R
capacitor is still required inrder to ensure stable
operation without excessive jitter.

') G2 &AE
design. If more capacitance is required, it is
recommended to use a capacitavith relatively
KAIK 9{w 6HhoYmuo

é}\lgeé y Thgaféoli/e%iscugs%r%pplies to designs that

use FS1406800 devices witiVouttied to Vos
and nofeedback divider. If@FS1408600 is
used to generate 1.8V, with a resistive
voltage dividetbetweenVoutandVos the
feedforward capacitor in parallel witthe top
resistor will allow greater flexibility in choice
of output capacitance.

Figure 18shows the minimum required output
capacitance as a function of the outpubltage.
For an output voltage of 1V, the minimum
capacitor requirement is dictated by the load
transient specifications (<3% \4uy). For output
voltages above 1V, the output voltage ripple
specification dominates (<1%6).

Vcccapacitor selection

F3406uses an orpackage Yccapacitor to ensure
effective  highfrequency bypassing. However,
especially for applications that use an externat V
supply, it is recommended that system designers
LIX I OS | HPH>CKNCNOK -
application board as cée as possible to thecy

pin.
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w
L

Minimum required number of 22uF output capacitors
~
.

-
L

—v— to meet +/-1% steady state ripple specification
to meet +/-3% AC transient specification

0.75 1.00 125

150

175

2.00 2.25 2.50

[V, (1.8V)

Vout (V)
Figure 18 Minimum output capacitance
IN

PV, (12V) [(F——+ ; pv, SDA sC Vour
I I 2.7Q Vos

- - VIN

=
CV ae ? Vcc
“L  49.9k0

PGnd

PG

|~ ——En  ADDR AGnd
C. | 1 X68uF/25V (optional) R
+ 2 X 22uF/0805/X5R/16V ADDR

C... | 2.2uF/0603/X5R/10V (optional)
Cour| 2 X 22uF/0805/X5R/6.3V

\Y

Figure 19 Application circuit for a single suppl\P\w=12V, Vou=1.8V, 6A

-
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Typical operating waveforms

Applications  Utility  Help

24 Jul 2019
1:55:10 PM

SR: 62.5MSk 16 ns/pt 24 Jul 2019
RL1.25Mpts ¥ 49 9% 1:55:59 PM

Figure 21 Startup with 6 A load (Ch1:RY Ch2: ¥y Ch3: PGood, Ch4y/Ch5: Enable)
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Figure 22 Shutdown with Enable dassertion at 6A load (Ch1l:RYCh2: ¥us;, Ch3: PGood, Ch4y/Ch5: Enable)

Figure 23 Soft turn off at no load (Ch1:RY Ch2: \us Ch3: PGood, Ch4y/Ch5: Enable)
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