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Description
The SC1402 is pin compatible with the MAX1632 with
improved load regulation performance.  The SC1402 is
a multiple-output power supply controller designed to
power logic supply components in battery operated sys-
tems.  The SC1402 utilizes synchronous rectified buck
topologies to generate two voltages, (3.3V and 5V fixed
or adjustable) with up to 95% efficiency.  It also provides
two linear regulators for system housekeeping functions.
The 12V linear regulator output is generated from a
coupled inductor of the 5V switching regulator.

Control functions include: power up sequencing, soft
start, power-good signaling, automatic bootstrapping for
high side MOSFETs, and frequency synchronization.  An
internal precision 2.5V reference ensures ±2% output
voltage.  The internal oscillator can be adjusted to
200kHz, 300kHz or synchronized to an external clock.
The MOSFET drivers provide 1A peak drive current for
fast MOSFET switching.

The SC1402 includes a PSAVE enable input to select a
pulse skipping mode for high efficiency or a fixed  fre-
quency mode for low noise operation.

! 6V to 30V Input range
! 3.3V and 5V dual synchronous rectified outputs
! Fixed frequency or PSAVE mode for maximum
      efficiency over wide load current range
! 5V/50mA linear regulator
! 12V/120mA linear regulator
! Precision 2.5V reference output
! Programmable power-up sequence
! Power-good output (RESET)
! Output over-current protection
! Output over-voltage protection
! Output under-voltage shutdown
! 4µA typical shutdown current
! 7mW typical quiescent power

! Notebook and subnotebook computers
! PDAs and Mobile communications
! Desktop DC-DC converters
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Electrical Characteristics

Absolute Maximum Ratings

sretemaraP mumixaM stinU

DNGot5TSB,3TSB,+V 63+ot3.0- V

DNGotDNGP 3.0± V

5TSBot5ESAHPdna,3TSBot3ESAHP 3.0+ot6- V

DNGotLV 6ot3.0- V

DNGotTESER,5NO_EMIT,EVASP,QES,CNYS,FER )V3.0+LV(ot3.0- V

DNGotNDHS,3NO/NUR )V3.0++V(ot3.0- V

DNGotDDV V03+ot3.0- V

DNGottuO21 )V3.0+DDV(ot3.0- V

DNGottrohSFER,LV suounitnoC .ces

DNGottrohStuO21 suounitnoC .ces

tnerruCFER 5+ Am

tnerruCLV 05+ Am

tnerruCtuO21 002+ Am

tnerruCtnuhSDDV 51+ Am

TS erutarepmeTegarotS 051+ot56- C°

TL erutarepmetgniredlosdaeL sdnoces01,003+ C°

(Unless otherwise noted: V+ = 15V, both PWMs on, SYNC = VL, VL  load = 0mA, REF load = 0mA, PSAVE = 0V, TA =-40 to +85°C.
Typical values are at TA = +25°C).

sretemaraP snoitidnoC NIM PYT XAM stinU

SRELLORTNOCSPMSNIAM

egnaRegatloVtupnI 0.6 0.03 V

edoMelbatsujdAniegatloVtuptuOV3 3LSC,V0=3LSC-3HSC,V03otV6=+V
3BFotdeit

54.2 5.2 55.2 V

edoMdexiFniegatloVtuptuOV3 <3LSC-3HSC<Vm0.V03otV6=+V
V0=3BF,Vm08

71.3 3.3 34.3 V

edoMelbatsujdAniegatloVtuptuOV5 5BFotdeit5LSC,V03otV6=+V 54.2 5.2 55.2 V

edoMdexiFniegatloVtuptuOV5 <5LSC-5HSC<Vm0,V03otV6=+V
V0=5BF,Vm08

28.4 0.5 81.5 V

egnaRtsujdAegatloVtuptuO SPMSrehtiE FER 5.5 V

egatloVdlohserhTedoM-elbatsujdA rotarapmocedoMlauD 5.0 3.1 V
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Electrical Characteristics (Cont.)
(Unless otherwise noted: V+ = 15V, both PWMs on, SYNC = VL, VL  load = 0mA, REF load = 0mA, PSAVE = 0V, TA =-40 to +85°C.
Typical values are at TA = +25°C).

sretemaraP snoitidnoC NIM PYT XAM stinU

).tnoC(SRELLORTNOCSPMSNIAM

noitalugeRdaoL Vm08<LSC-LSC<V0,SPMSrehtiE 8.0- %

noitalugeReniL V03<+V<V6,SPMSrehtiE 30.0 V/%

dlohserhTtimiL-tnerruC 5LSC-5HSCro3LSC-3HSC
V9.11<TUO21VroLV=EVASP

08
05-

001
001-

021
051-

Vm

dlohserhTedoMEVASP detsetton,V0=EVASP 01 52 04 Vm

emiTpmaRtratS-tfoS )2( htiwtimiltnerruclluf%59otelbanemorF
fottcepser CSO

215 sklc

ycneuqerFrotallicsO LV=CNYS
V0=CNYS

072
071

003
002

033
532

zHk

rotcaFytuDmumixaM zHk003,LV=CNYS
zHk002,V0=CNYS

09
29

49
69

%

htdiWesluPhgiHtupnICNYS )2( 003

htdiWesluPwoLtupnICNYS )2( 003 sn

emiTllaF/esiTCNYS )2( 002

egnaRycneuqerFtupnICNYS 042 053 zHk

tnerruCegakaeLtupnIesneS-tnerruC =5LSC=3HSC=3LSC,V0=LV=+V
V5.5=5HSC

10.0 01 Aµ

RELLORTNOCKCABYLF

dlohserhTtnuhSDDV %1=siseretsyh,egdegnisiR 81 02 V

tnerruCkniStnuhSDDV V02=DDV 5 01 03 Am

tnerruCegakaeLDDV edomybdnatS,V5=DDV 03 Aµ

NOITALUGERRAENILV21

egatloVtuptuOTUO21 Am021<daoL<Am0 55.11 1.21 05.21 V

timiLtnerruCTUO21 V31=DDV,V11otdecrofTUO21 051 Am

dlohserhTnoitalugeRTUO21 egdegnillaF 9.11 V

tnerruCDDVtnecseiuQ daolTUO21on,edomnur,V81=DDV 05 001 Aµ

ECNEREFERDNAROTALUGERLANRETNI

egatloVtuptuOLV DAOLI<Am0,V03<+V<V6,+V=NDHS
V0=NO/EMIT=3NO/NUR,Am05<

6.4 2.5 V

dlohserhTtuokcoLtluaFegatlovrednU V9.0=siseretsyh,egdegnillaF 5.3 7.3 0.4 V
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Electrical Characteristics (Cont.)
(Unless otherwise noted: V+ = 15V, both PWMs on, SYNC = VL, VL  load = 0mA, REF load = 0mA, PSAVE = 0V, TA =-40 to +85°C.
Typical values are at TA = +25°C).

sretemaraP snoitidnoC NIM PYT XAM stinU

).tnoC(ECNEREFERDNAROTALUGERLANRETNI

dlohserhTrevohctiwS putratstarevohctiwS 5.4 V

egatloVtuptuOFER edomybdnatS,daollanretxeoN 54.2 5.2 55.2 V

noitalugeRdaoLFER Aµ05<DAOL<Aµ0 5.21 Vm

Am5<DAOL<Am0 05

tnerruCkniSFER 01 Aµ

egatloVtuokcoLtluaFFER egdegnillaF 8.1 2.2 V

tnerruCylppuSgnitarepO+V noSPMSV5,5LSCotrevodehctiwSLV 01 05

tnerruCylppuSybdnatS+V sedulcni,ffoSPMS,V03otV6=+V
NDHSotnitnerruc

081 Aµ

tnerruCylppuSnwodtuhS+V V0=NDHS,V03otV6=+V 4 02

noitpmusnoCrewoPtnecseiuQ =3LSC,V0=5BF=3BF,delbaneSPMS
V5.5=5HSC=5LSC,V5.3=3HSC

5.7 Wm

NOITCETEDTLUAF

dlohserhTpirTegatlovrevO egatlovtuptuodedaolnuottcepserhtiW 5.3 7 01 %

yaleDnoitagaporPtluaF-egatlovrevO pirtegatlovrevoevoba%2nevirdLSC
dlohserht

5.1 sµ

dlohserhTegatlovrednUtuptuO egatlovtuptuodedaolnuottcepserhtiW 06 07 08 %

emiTtuokcoLegatlovrednUtuptuO ottcepserhtiw,delbaneSPMShcaemorF
f CSO

0005 4416 0007 sklc

dlohserhTnwodtuhSlamrehT C°01+=siseretsyhlacipyT 051 C°

TESER

dlohserhTpirTTESER ,egatlovtuptuodedaolnuottcepserhtiW
%1=siseretsyhlacipyt;egdegnillaf

01- 7- 4- %

yaleDnoitagaporPTESER woleb%2nevirdLSC,egdegnillaF
dlohserhtpirtTESER

5.1 sµ

emiTyaleDTESER csofottcepserhgiW 000.72 000,23 000,73 sklc

STUPTUODNASTUPNI

egatloVwoLtupnIcigoL =QES(5NO/EMIT,EVASP,3NO/NUR
CNYS,NDHS,)FER

6.0 V

egatloVhgiHtupnIcigoL =QES(5NO/EMIT,EVASP,3NO/NUR
CNYS,NDHS,)FER

4.2 V

tnerruCegakaeLtupnI =QES(5NO/EMIT,EVASP,3NO/NUR
V3.3roV0=QES,CNYS,NDHS,)FER

1± Aµ
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Electrical Characteristics (Cont.)
(Unless otherwise noted: V+ = 15V, both PWMs on, SYNC = VL, VL  load = 0mA, REF load = 0mA, PSAVE = 0V, TA =-40 to +85°C.
Typical values are at TA = +25°C).

sretemaraP snoitidnoC NIM PYT XAM stinU

).tnoC(STUPTUODNASTUPNI

egatloVwoLtuptuOcigoL Am4=KNISI,TESER 4.0 V

tnerruChgiHtuptuOcigoL V5.3=TESER 1 Am

leveLpirTtupnI5NO/EMIT LVro0=QES 4.2 6.2 V

tnerruCecruoS5NO/EMIT LVroV0=QES,V0=5NO/EMIT 2 3 4 Aµ

ecnatsiseR-nO5NO/EMIT ,V0=3NO/NUR,5NO/EMIT
LVroV0=QES

001 mho

tnerruCecruoS/kniSrevirDetaG V2otdecrof,5HD,5LD,3HD,3LD 1 A

ecnatsiseR-nOrevirDetaG wolrohgiH 5.1 7 mho

Notes:
1. This device is ESD sensitive. Use of standard ESD handling precautions is required.
2. Guaranteed by design.
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Pin Configuration Ordering Information

Pin Descriptions

Top View

SSOP-28

ECIVED EGAKCAP T(.PMET A)

SSI2041CS 82-POSS C°58+-04-

Notes:
1. Only available in tape and reel packaging. A reel contains
1000 devices.

#niP emaNniP noitcnuFniP

1 3HSC otderreferVm001sileveltimiltnerruC.SPMSV3.3ehtroftupnIesneStnerruC
.3LSC

2 3LSC .SPMSV3.3roftupnIesneStnerruC

3 3BF elbatsujdarofredividrotsiseraot3BFtcennoC;SPMSV3.3ehtroftupnIkcabdeeF
dexifV3.3ehtstceles3BF.)V5.2.xorppa(FERotdetalugersi3BFdnaedomtuptuo

.DNGotdeitnehwgnittesegatlovtuptuo

4 TUO21 TUO21ssapyB.DDVmorfsemocylppustupnI.tuptuOrotalugeRraeniLAm021,V21
.roticapacmuminimFµ1htiwDNGot

5 DDV V81aotstcennocoslA.rotalugeRraeniLTUO21ehtroftupnIegatloVylppuS
.pmalcrotalugertnuhsegatlovrevo

6 CNYS eit;noitarepozHk003rofLVoteiT.tceleSycneuqerFdnanoitazinorhcnySrotallicsO
.zHk053dnazHk042neewtebCNYSotyllanretxenevirD.zHk002rofDNGot

7 5NO/EMIT tupnI.tupnIlortnoCFFO/NOSPMSV5dnaniProticapaCgnimiTesopruPlauD
deriuqersiK1forotsiser .tupnilortnocFFO/NOgnisunehw

8 DNG .tniopecnereferkcabdeefdnadnuorGgolanAesionwoL
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Pin Descriptions (Cont.)

Note:
1. All logic level inputs and outputs are open collector TTL compatible.

#niP emaNniP noitcnuFniP

9 FER .roticapacmuminimFµ1htiwDNGotssapyB.tuptuoegatlovecnerefeRV5.2

01 EVASP rewoprofDNGottcennoC.hgihnehwedomEVASPselbasidtahttupnilortnoccigoL
.edomevas

11 TESER 000,23retfahgihseoG.LVotDNGmorfsgniwsTESER.tuptuodemitwolevitcA
.langisdoogrewopasapurewopgniwollofyaledelcyckcolc

21 5BF
tuptuoelbatsujdarofredividrotsiseraot5BFtcennoC.SPMSV5roftupnikcabdeeF

tuptuodexifV5ehtstceles5BF.)V5.2.xorppa(FERotsetaluger5BFdnaedom
.DNGotdeitnehwgnittesegatlov

31 5LSC .SPMSV5roftupniesnestnerruC

41 5HSC .SPMSV5roftupniesnestnerruC

51 QES .ecneuqespurewopSPMSstcelestahtstupnI

61 5HD .TEFSOMlennahC-Nedishgih,V5ehtroftuptuoevirdetaG

71 5ESAHP .noitcennocrotcudniedongnihctiwS

81 5TSB Fµ1.0atcennoC.evirdetagedis-hgihSPMS,V5rofnoitcennocroticapactsooB
.roticapac

91 5LD .TEFSOMlennahC-Nedis-wolSPMS,V5ehtroftuptuoevirdetaG

02 DNGP .dnuorgrewoP

12 LV .tuptuorotalugerraenillanretnI,V5

22 +V .tupniegatlovyrettaB

32 NDHS .wolevitca,tupnilortnocnwodtuhS

42 3LD .TEFSOMlennahC-Nedis-wolSPMS,V3.3ehtroftuptuoevirdetaG

52 3TSB .roticapacFµ1.0atcennoC.evirdetagedishgihrofnoitcennocroticapactsooB

62 3ESAHP .noitcennocrotcudniedongnihctiwS

72 3HD .TEFSOMlennahC-Nedis-hgih,V3.3ehtroftuptuoevirdetaG

82 3NO/NUR .SPMSV3.3fotupnilortnocFFO/NO
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Block Diagram
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PIN Descriptions

Functional Block Diagram

PWM Controller Diagram (Fig. 1)
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Detailed Description

The SC1402 is a multiple-output,  high efficiency, versatile power
supply controller designed to power  battery operated systems.
Four high current gate drive outputs are supplied to control all
MOSFETs in two synchronous rectified buck converters.  These
buck converters can be programmed to operate at either fixed
or adjustable output voltages.  The power save feature of the
SC1402 achieves high efficiency over a wide range of load cur-
rent.  The control and fault monitoring circuitry associated with
each PWM controller includes digital softstart, turn-on sequenc-
ing, voltage error amplifier with slope compensation, pulse width
modulator, power save, over-current and over-voltage and un-
der voltage fault protection. Two linear regulators and a preci-
sion reference voltage are also provided by the SC1402.

PWM Control Block

The two PWM control blocks for the 3V and 5V power supply
outputs are identical.  The SC1402 employs peak current mode
control with slope compensation to provide fast output response
to load and line transients.  The PWM control block consists
of an analog PWM modulator followed by PWM logic control.
The analog modulator combines the output current, slope com-
pensation signal and error voltage to generate a PWM pulse
train.  The PWM logic uses the pulse train from the modulator
and other control signals to generate the output states for the
high and low side gate driver outputs.  A block diagram of the
PWM control block is shown on page 8.

An error amplifier generates the difference signal between the
reference voltage and the feedback voltage to generate the er-
ror voltage for the peak current mode comparator.  A nominal
gain of 8 is used in the error amplifier to increase the system
loop gain and to reduce the load regulation error typically seen
in low loop-gain, current-mode controllers.  The increased gain
in the voltage loop is compensated by pole-zero-pole response
of the voltage error amplifier.  The current feedback signal is
summed with the slope compensation signal and compared to
the error voltage at the PWM comparator.

When the power supply is operating in continuous conduction
mode, the high-side MOSFET is turned on at the beginning of
each switching cycle.   The high-side MOSFET is turned off
when the desired duty cycle is reached.  Active shoot-thruough
protection delays the turn-on of the low-side MOSFET until the
phase node drops below 2.5V.  The low-side MOSFET remains
on until the beginning of the next switching cycle.  Again, ac-
tive shoot-through protection ensures that the gate to the low-
side MOSFET has dropped low before the high side MOSFET
is turned on.

When PSAVE is enabled (low) and the output current drops
below 25% of its peak level, the PWM logic will automatically
enter PSAVE mode to improve efficiency.  When the controller
enters power save, it increases the regulation point by 0.8%,

typically issuing one more high side pulse as the converter
enters PSAVE.  The PWM control then disables switching
cycles until the FB falls below the reference.  At light loads the
effective switching frequency will drop dramatically and effi-
ciency will increase because of the reduced gate charge cur-
rent required to switch the power stage.  Boosting the regula-
tion point when entering PSAVE gives the output improved
dynamic regulation because the output voltage is not allowed
to droop below the nominal regulation point.  Load current steps,
that cause the converter to come out of PSAVE, will not cause
as large a negative dip in the output voltage.

Gate Drive/Control

The gate driver on the SC1402 are designed to switch large
MOSFETs up to 350kHz.  The high side gate driver is required
to drive the gates of the high side MOSFET above the V+
input.  The supply for the gate driver is generated by charging
a bootstrap capacitor from the VL supply when the low-side
driver is on.  Monitoring circuit ensures that the bootstrap ca-
pacitor is charged when coming out of shutdown or fault condi-
tions where the bootstrap capacitor may be depleted.

In continuous conduction mode, the low-side driver output that
controls the synchronous rectifier in the power stage is on
when the high-side driver is off.  Under light load conditions the
inductor ripple current will approach the point where it reverses
polarity.  This is detected by the low side driver control and the
synchronous rectifier is turned off before the current reverses,
preventing energy drain from the output.  The low-side driver
operation is also affected by various fault conditions as de-
scribed in the Fault Protection section.

Internal Bias Supply

The VL linear regulator provides a 5V output that is used to
power the gate drivers, 2.5V reference, and internal control
sections of the SC1402.  The regulator is capable of supplying
up to 50mA (including MOSFET gate charge current). The VL
pin should be bypassed to GND with 4.7uF to supply the peak
current requirements of the gate driver outputs.

This regulator receives its input power from the V+ battery
input.  Efficiency is improved by providing a boot-strapping mode
for the VL bias.  When  the 5V SMPS output voltage reaches
5V, internal circuitry detects this condition and turns on a PMOS
pass device between CSL5 and VL.  The internal VL regulator
is then disabled and the VL bias is provided by the high effi-
ciency switch mode power supply.

The REF output is accurate to +/- 2% over temperature.  It is
capable of delivering 5mA max and should be bypassed with
1uF minimum capacitor.  Loading the REF output will reduce
the REF voltage slightly.
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Current Sense (CSH,CSL)

The output current of the power supply is sensed as the volt-
age drop across an external resistor between the CSH and
CSL pins.  Over-current is detected when the current sense
voltage exceeds +/-100mV.  The negative current limit (i.e. -
100mV) is required for operation with PSAVE mode disabled,
and also to limit the output current when charging the bulk
supply capacitor of the 12V regulator.  A positive over-current
will turn off the high-side driver, a negative over-current will turn
off the low-side driver, each on a cycle by cycle basis.  The
current sense is also used for peak current feed back in the
main PWM loop and for determining the current level for enter-
ing power save mode and the turn off time for the synchronous
rectifier.

Oscillator

The SC1402 oscillator frequency is trimmed to +/- 10%.  When
the SYNC pin is set high the oscillator runs at 300kHz; when
SYNC is set low the frequency is 200kHz.  The oscillator can
also be synchronized to the falling edge of a clock on the SYNC
pin with a frequency between 240kHz and 350kHz. In general,
200kHz operation is used for highest efficiency, and the 300kHz
for minimum output ripple and/or smaller inductor and output
capacitor sizes.

Fault Protection

In addition to cycle-by-cycle current limit, the SC1402 moni-
tors over-temperature, and output over-voltage and under-volt-
age conditions.  The over-temperature detect will shut the part
down if the die temperature exceeds 150°C with 10°C of hys-
teresis.

If either SMPS output is greater than 7% above its nominal
value, both SMPS are latched off and synchronous rectifiers
are latched on.  To prevent the output from ringing below, ground
a 1A Schottky diode should be placed across each output,
anode at GND.

Two different levels of undervoltage are detected. If the output
falls 5% below its nominal output, the RESET output is pulled
low.  If the output falls 30% below its nominal output following a
start-up delay, both SMPS are latched off.

Both of the latched fault modes will remain in effect until SHDN
or RUN/ON3 is toggled or the V+ input is brought below 1V.

Shutdown and Operating Modes

Holding the SHDN pin low disables the SC1402, reducing the
V+ input current to <10uA.  When SHDN goes high, the part
enters a standby mode where the VL regulator and VREF are
enabled.  Turning on either SMPS will put the SC1402 in run
mode.

Output Voltage Selection

If FB is connected to ground, internal resistors setup 3.3V and
5V output voltages.  If external resistors are used, the internal
feedback is disabled and the output is regulated based on 2.5V
at the FB pin.

12OUT Supply

The 12OUT linear regulator is capable of supplying 120mA.
The input voltage to the 12OUT regulator is generated by a
secondary winding on the 5V SMPS inductor.

A heavy load on the 12OUT regulator when the 5V SMPS is in
PSAVE will cause the VDD input to drop, browning out the
regulator.  If the output drops 0.8% from its nominal value, the
5V SMPS is forced out of PSAVE mode and into continuous
conduction mode for 8 cycles.  This recharges the bulk input
capacitor on VDD.  The 12OUT linear regulator has a current
limit to prevent damage under short circuit conditions.

Over-voltage protection is provided on the VDD input.  If the
VDD input is above 19V, an over-voltage is detected and a
10mA current shunt load is applied to VDD.  The over-voltage
threshold has 0.5V of hysteresis.

Power up Controls and Soft Start

The user has control of the SC1402 startup sequence by set-
ting the SEQ, RUN/ON3 and TIME/ON5 pins as described in
the following table.

Each SMPS contains its own counter and DAC to gradually
increase the current limit at startup to prevent input surge cur-
rents.  The current limit is increased from 0, 20%, 40%, 60%,
80%, to 100% linearly over the course of 512 switching cycles.

A RESET output is also generated at startup.  The
RESET pin is held low for 32K switching cycles.  Another timer
is used to enable the undervoltage protection.  The undervoltage
protection circuitry is enabled after 6144 switching cycles at
which time the SMPS should be in regulation.

When SEQ is set to REF, the RESET only monitors  the 3.3V
SMPS in regulation. The 5V SMPS is ignored.

NDHS /NUR
3NO

/EMIT
5NO

EDOM NOITPIRCSED

woL X X -tuhS
nwod

saibmuminiM
tnerruc

hgiH woL woL ybdnatS LVdnaFERV
rotaluger

elbane

hgiH hgiH hgiH nuR
edoM

SPMShtoB
gninnuR
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QES 3NO/NUR 5NO/EMIT TESER NOITPIRCSED

FER WOL WOL .SPMSV3.3swolloF sSPMShtoB.edomlortnoctratstnadnepednI
.ffo

FER WOL HGIH .woL .FFOSPMSV3.3,NOSPMSV5

FER HGIH WOL .SPMSV3.3swolloF .FFOSPMSV5,NOSPMSV3.3

FER HGIH HGIH .SPMSV3.3swolloF .nosSPMShtoB

DNG WOL PACGNIMIT .woL .ffosSPMShtoB

DNG HGIH PACGNIMIT nierastuptuohtobretfahgiH
.noitaluger

V3,3NO/NURfoegdegnisirnostratsV5
.FER>5NO/EMITnehwstrats

LV WOL PACGNIMIT .woL .ffosSPMShtoB

LV HGIH PACGNIMIT nierastuptuohtobretfahgiH
.noitaluger

V5,3NO/NURfoegdegnisirnostratsV3.3
.FER>5NO/EMITnehwstrats

SC1402 Startup Sequence Chart

Introduction

The SC1402 is a versatile dual switching regulator adjustable
from 2.5V to 5.5V with fixed 5V and 3.3V modes. In addition,
there are two on-chip 12V & 5V linear regulators capable of
supplying 120mA & 50mA of output current, respectively.  The
SC1402 is designed for notebook applications but has
applications anywhere high efficiency, small size and low cost
are required.

The Semtech SC1402 EVAL board consists of a 3.3V, 3A
switcher, a 5.0V, 3A switcher, an onboard 12V linear regulator.
A 15V flyback supply developed off the 5V SMPS inductor
delivers the input voltage to the onboard 12V linear regulator.

Design Guidelines

The schematic for the EVAL board is shown on page 18. The
EVAL board is configured as follows:

Switching Regulator 1 Vout1 = 3.3V, 3A
Switching Regulator 2 Vout2 = 5.0V, 3A
Linear Regulator 1 Vout3 = 12V, 120mA

Linear Regulator 2 Vout4 = 5V, 50mA

Designing the Output Filter

Before calculating the output filter inductance and output
capacitor, an acceptable amount of output ripple current is to
be determined. The ESR of the output capacitor multiplied by
the ripple current sets the maximum allowable ripple voltage.

Application Information So once the ripple voltage specification is selected, the
capacitor ESR is chosen usually based on capacitor cost and
size constraints.  This then sets the maximum output ripple
current through the capacitor and inductor.

For the EVAL board 3.3V switcher, we selected a maximum
ripple voltage of 50mV.  Choosing two 330uF, 6.3V tantalum
capacitors C21 & C22, each having an ESR of 100mW, their
combined ESR equaling 50mW, sets the maximum ripple
current as follows:

Be sure that the two output capacitors can handle this ripple
current. Ripple current specifications are found in the capacitor
data sheet for high quality capacitors intended for use in
switching power supplies.

The inductance can now be found:

These inductance and duty cycle equations exclude any
resistive drops due to winding resistance and MOSFET on
resistance.

Where:

For f = 300KHz, t = 1/f
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From this calculation we choose L1 to be 10uH.

For a 200kHz operating frequency, L1 calculates to be 14.5uH.

Choosing Inductor & FET Current Rating

The current carrying capability of the inductor and MOSFETs
should be sized to handle the maximum current of the supply
set by the current sense resistor, Rsense = R9. Here we use
the minimum current threshold value:

Where Ipeak equals:

Ipeak = 3.5 Amps

Here we chose a sense resistor of 20mΩ.  Now we can
determine FET and inductor current carrying capability by using
the maximum current limit threshold:

From this value choose an inductor with Isat > 6 Amps, and for
the FET choose a continuous conduction current rating greater
than 6 Amps.

The same calculation process can be made for the 5V supply
for its Inductor L2 and Rsense resistor, R8.

The results are:

L2 = 13.4 uH at 300KHz, 20uH at 200KHz, For our EVAL board
we choose the transformer with a 11uH primary at the expense
of slightly higher ripple current.
R8 = 0.02 Ω
Co = C18 = 330uF/10V

Calculating Output Capacitance and ESR for Stability.

Now that the basic output filter has been designed, it is time to
check if the output filter will allow stable operation.  Since the
control loop is internal to the SC1402, the output filter capacitor
and its associated equivilant series resistance (ESR), will effect
stability.  It is important to choose a capacitor with its ESR for
stable SMPS operation.  A seven step procedure for choosing

the output capacitor and ESR ensuring a stable control loop is
shown below for the 3.3V supply.  The same procedure should
also be implemented for the 5V supply.

System Paramaters:
Fs = 300000Hz Vout = 3.3V Vinmin = 6V
Vref = 2.5V Rs = 0.020 Ω

Where Fs is the switching frequency.
Vout is the output voltage.
Vinmin is the minimum input voltage.
Vref is the SC1402 reference voltage.
Rs is the sense resistor, (R9 on the EVAL board).

Step 1: Determine the Crossover Frequency

Step 2: Determine the Maximum & Minimum ESR
Capacitance

Step 3: Determine the Minimum Output Capacitance

Step 4: Determine the Actual Output Capacitance

Step 5: Determine the Actual ESR Value

Application Information (Cont.)
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Step 6: From Above Calculations Choose:

Step 7: Check the Ripple Current

If Co can handle the ripple current you�re done.  Otherwise
increase the output capacitance to handle the ripple current at
maximum Vin and recheck the ESR using the equation for
determining the actual output capacitance.

If you are using tantalum or electrolytic capacitors you should
increase the capacitance to the level of approaching the
calculated ESR.

If you are using poly capacitors a small resistor in series with
the capacitor to bring the ESR to the desired level may be
necessary for stability due to their low ESR values.

If your ESR value varies significantly from the calculated value
and you don�t want to add more capacitance or add a series
resistor in the capacitor path as described above.  We
recommend that you bench test the supply over temperature
to verify transient response and operation of the SMPS.

Input Capacitor Selection

Input capacitor is selected based upon the input ripple current
demand of the converter.  First determine the input ripple current
expected and then choose a capacitor to meet that demand.

The input RMS ripple current can be calculated as follows:

The worse case input RMS ripple current occurs at 50% duty
cycle (D = 0.5 or Vin = 2 Vout) and therefore under this condition
the IRMS ripple current can be approximated by:

Therefore, for a maximum load current of 3.0A , the input
capacitors should be able to safely handle 1.5A of ripple current.
For the EVAL board there are two such regulators that operate
simultaneously.  Each capable of 1.5A of ripple current, although
it is impossible for both regulators to be at 50% duty cycle at
the same time since they have different output voltages. For
the EVAL board, we chose four 10uF, 30V OS-CON capacitors,
two for each supply. Each capacitor has a ripple current
capability of 1.38A at 100KHz, 45°C.  Following the capacitor-

derating chart for temperature and frequency operation at
300KHz, two of these capacitors in parallel will suffice, as
calculated below:

The RMS ripple current is under a worse-case condition at full
load, 3A each when both SMPSs are on.

When the 5V output is at maximum ripple of 1.5A (D = 50%),
the 3.3V output adds 1.41A of ripple current.

The maximum ripple current is then calculated by:

Conversely:
When the 3V output is at maximum ripple 1.5A (D = 50%), the
5V output adds 1.29A of ripple current.

The worse case ripple current is then calculated by:

Clearly, the combined input capacitor bank must be chosen to
handle 2A of ripple current under worse-case conditions.

MOSFET Switches

After selecting the voltage and current requirements of each
MOSFET device for the upper and lower switches, the next
step is to determine their power handling capability.  For the
EVAL board the IRF7413 met the voltage and current
requirements.  These are 30V, 9A FET�s. Based on 85°C ambient
temperature, 150°C junction temperature and thermal
resistance, their power handling is calculated as follows:

Power Limit for Upper & Lower FET:

TJ = 150°C;   TA = 85°C;  θja = 50°C/W

Each FET must not exceed 1.3W of power dissipation.  The
conduction losses for the upper & lower FET can be determined.
For the calculations below, a nominal input voltage of 12V, for
Vout = 3.3V, Iout = 3A and f = 300KHz. The Rdson value for the
upper & lower FET is 11mΩ. We will calculate the conduction
losses and switching losses for each FET.  From the
calculations below we are well within the 1.3W dissipation limit
as calculated above.

Application Information (Cont.)
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Conduction Losses Upper FET:

Conduction Losses Lower FET:

Switching Losses Upper FET:

Note: switching losses exist on the upper FET only because
the clamp diode across the lower FET will turn on prior to the
lower FET turning on.
Where Ig is the gate driver current. This is equal to 1A for the
SC1402.

Crss is the reverse transfer capacitance of the FET; in this
case it equals 240pF for the IRF7413.

So the total FET losses equate to:

PFETS = 0.027+0.072+0.031 = 0.130W

Application Information (Cont.)
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Note that as Vin increases the power dissipation from switching
losses will also increase.  This is especially important if the
input to the supply is from an AC adapter.  Therefore, it is
necessary to check the calculations with your maximum input
voltage specification. In addition, the distribution of power in
the upper and lower FET will change as input voltage increases.

Other losses to consider are gate charge losses, inductor
switching and copper losses, and losses in the input and output
capacitors.  All these items will decrease efficiency and need
to be carefully analyzed to obtain the highest efficiency
possible, especially if running off battery power.

Basic Application Circuit

The basic dual-output 3.3V / 5V synchronous buck converter
is shown on page 16. This circuit shows the minimum
requirements for successful operation.  For varying current
levels, Table 3 provides a useful selection of components for
varying supply requirements and is based on the calculations
described previously.  Input voltage ranges for all designs in
the table are 6.5V to 28V. Frequency used in calculations is
300KHz.

Table 3
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PCB Layout
As with any high frequency switching regulator it is advisable to practice a careful layout strategy. This includes
keeping loop area as small as possible.  Properly decoupling lines that pull large amounts of current in short
periods of time.  To keep loop area small always use a ground plane and if possible split the plane in two areas,
signal GND and power GND then tie the two together at one point.  Be sure that high current paths have low
inductance by making track widths wide where possible.

Evaluation Board Schematic
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Typical Characteristics
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