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Description Features

Applications

Typical Application Circuit

Two synchronized converters for low noise
Power up sequencing to prevent latch-ups
Out of phase operation for low input ripple
Over current protection
Wide input range, 4.5 to 30V
Programmable frequency up to 700KHz
Two synchronous bucks for high efficiency at high
current
One dedicated programmable positive linear
regulator and one dedicated programmable nega-
tive linear regulator
–40 to 105 degree C operating temperature
Output voltage as low as 0.5V
Small package TSSOP-28

SC2453 is a high performance multi-output converter
controller that can be configured for a variety of applica-
tions.  The SC2453 utilizes synchronous rectified buck
topologies where efficiency is most important.  It also
provides dedicated programmable positive and negative
linear regulators using external transistors in conjunction
with coupled windings to generate positive and negative
voltages. Power up sequencing prevents converter latch-
ups.

The two buck converters are out of phase, reducing in-
put ripple, allowing for fewer input capacitors. All con-
verters are synchronized to prevent beat frequencies.
High frequency operation will reduce ripple and minimize
noise.  It also reduces the size of output inductors and
capacitors. Other features include soft start, power-good
signaling, bootstrapping for high side MOSFETs, and fre-
quency synchronization. DSL applications with multiple input voltage re-

quirements
Mixed-Signal applications requiring positive and
negative voltages
Cable modem power management
Base station power management
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POWER MANAGEMENT PRELIMINARY
Absolute Maximum Ratings

Electrical Characteristics

retemaraP snoitidnoCtseT niM pyT xaM tinU

ylppuSrewoP

tnerruCtnecseiuQ V0=NDHS/SS Aµ

tnerruCgnitarepO daoloN 7 21 Am

CCVA V5.5>NIV 5.4 5 5.5 V

CCVP V5.5>NIV 5.4 5 5.5 V

tuokcoLegatlovrednU

dlohserhTtratS 213.4 4.4 884.4 V

siseretsyHOLVU 1.0 V

rotarapmoCMWP

tuptuOotyaleD 07 Sn

retemaraP mumixaM stinU

DNGPot2TSB,1TSB 53 V

DNGPotNIV 03 V

DNGPotCCVA,CCVP 7 V

DNGAotDNGP 3.0± V

2TSBot2HP,1TSBot1HP 3.0ot6- V

2HPotH2DG,1HPotH1DG 7 V

DNGPotL2DG,L1DG 7 V

DNGAot2MILI,1MILI 7 V

DNGAotSS,KOP,CNYS,CSO 7 V

DNGPot4DB,3DB,IDB 7 V

DNGAot2OE,1OE,4BF,3BF,2BF,1BF 7 V

tnerruCkniSroecruoSL2GD,H2DG,L1DG,H1DG 1 A

egnaRerutarepmeTegarotS 051+ot06- C°

erutarepmeTnoitcnuJ 521+ot04- C°

.ceS01)gniredloS(erutarepmeTdaeL 062 C°

Unless specified: TA = 25°C, VCC = 12V, fs = 600KHz, SYNC/SHDN = 5V

Exceeding the specifications below may result in permanent damage to the device, or device malfunction. Operation outside of the parameters specified
in the Electrical Characteristics section is not implied.
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POWER MANAGEMENT PRELIMINARY
Electrical Characteristics (Cont.)

retemaraP snoitidnoCtseT niM pyT xaM tinU

rotalugeRraeniLevitisoP

egatloVkcabdeeF 94.0 5.0 15.0 V

tnerruCegakaeLtupnIkcabdeeF Aµ

ecnatcudnocsnarTreifilpmA V 4BF I,V5.0= 40B )knis(Am5ot5.0= 2- Vm

tnerruCkniSevirD 5 Am

rotalugeRraeniLevitageN

egatloVkcabdeeF 52- 0 52 Vm

tnerruCegakaeLtupnIkcabdeeF Aµ

ecnatcudnocdnarTreifilpmA V 3BF I,V0= 3BF )ecruos(Am5ot5.0= 5.1- Vm

tnerruCecruoSrevirD 5 Am

reifilpmArorrE

egatloVkcabdeeF 94.0 5.0 15.0 V

tnerruCsaiBtupnI 002 An

egatloVtesffOtupnI 5 Vm

niaGpooLnepO 09 Bd

htdiwdnaBniaGytinU 3 zHM

tnerruCkniStuptuO 2 Am

tnerruCecruoStuptuO 2 Am

etaRwelS 1 Sµ/V

rotallicsO

egnaRycneuqerF 001 007 zHK

ycneuqerF RT DBT= 045 006 066 zHK

egatloVkaePTC 0.3 V

egatloVyellaVTC 1.0 V

htdiWesluPhgiHtupnICNYS 001 Sn

emiTllaF/esiRCNYS 05 Sn

egnaRycneuqerFCNYS CSOF CSOF
%01±

zHk

dlohserhTwoL/hgiHCNYS 5.1 V
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POWER MANAGEMENT PRELIMINARY
Electrical Characteristics (Cont.)
Unless specified: TA = 25°C, VCC = 12V, fs = 600KHz

retemaraP snoitidnoCtseT niM pyT niM stinU

elcyCytuD

elcyCytuDmumixaM2&1MWP zHk001=sf 69 %

elcyCytuDmumixaM2&1MWP zHk007=sf 77 %

elcyCytuDmuminiM2&1MWP 5 %

timiLtnerruC

egatloVteSMILI2&1HC 2 V

nwoDtuhS/tratStfoS

tnerruCegrahC 5 Aµ

tnerruCegrahcsiD 2 Am

egatloVdlohserhTelbasiD 5.0 V

nwoDtuhSotwoLelbasiD 05 sµ

tuptuO

)H(ecnatsiseR-nOevirDetaG 2 Ω

)L(ecnatsiseR-nOevirDetaG 2 Ω

emiTesiR C TUO Fp0001= 02 Sn

emiTllaF C TUO Fp0001= 02 Sn

dooGrewoP

leveLpirThgiH2BF&1BF 55.0 V

siseretsyH 1 %

leveLpirTwoL2BF&1BF 54.0 V

siseretsyH 1 %

leveLwoLtuptuOKORWP V

egakaeLhgiHtuptuOKORWP Aµ
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Pin Configuration Ordering Information

rebmuNtraP egakcaP T(egnaR.pmeT J)

RTSTI3542CS 82-POSST C°58+otC°04-

(28 Pin TSSOP)

Note:
Only available in tape and reel packaging.  A reel
contains 2500 devices.

Top View

Marking Information

nnnn  =  Part Number (Example: 1406)
yyww  =  Date Code (Example: 0012)
xxxxx  =  Semtech Lot No. (Example: P94A01)

TOP
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Pin Descriptions

#niP emaNniP noitcnuFniP

1 1MILI .timilehtstsujdarotsiserlanretxenA.1TUPTUOehtroftesdlohserhttimiltnerruC

2 1BF .1TUPTUOroftupnikcabdeeF

3 1OE .1TUPTUOfonoitasnepmocroftuptuoreifilpmarorrE

4 4DB .revirdesabrotalugerraenilevitisoP

5 4BF .4TUPTUOroftupnikcabdeeF

6 NDHS/SS .trapnwodtuhsotwoldloH.niptratstfoS

7 CNYS .nipnoitazinorhcnysrotallicsO

8 KOP .tuptuodoogrewopniardnepO

9 CSO .ycneuqerfrotallicsoehtgnimmargorprofDNGAotrotsiseratcennoC

01 3BF .3TUPTUOroftupnikcabdeeF

11 3DB .revirdesabrotalugerraenilevitageN

21 2OE .2TUPTUOfonoitasnepmocroftuptuoreifilpmarorrE

31 2BF .2TUPTUOroftupnikcabdeeF

41 2MILI .timilehtstsujdarotsiserlanretxenA.2TUPTUOroftesdlohserhttimiltnerruC

51 DNGA .dnuorglangisgolanA

61 CCVA .yrtiucricgolanarofegatlovylppuS

71 2TSB lanretxenatcennoC.evirdetagedishgih2TUPTUOehtrofnoitcennocroticapactsooB
.tiucriCnoitacilppAlacipyTehtninwohssaedoidadnaroticapac

81 H2DG .H1DGhtiwesahpfotuoseerged081sitI.2TUPTUOroftuptuoevirdetaG

91 2HP .noitcennocrotcudnilanretxe2TUPTUOrofedongnihctiwS

02 L2DG .TEFSOMlennahC-Nediswol,2TUPTUOroftuptuoevirdetaG

12 DNGP .dnuorgrewoP

22 CCVP .srevirdtuptuorofegatlovylppuS

32 L1DG .TEFSOMlennahC-Nediswol,1TUPTUOroftuptuoevirdetaG

42 1HP .noitcennocrotcudnilanretxe1TUPTUOrofedongnihctiwS

52 H1DG .TEFSOMlennahC-Nedishgih,1TUPTUOroftuptuoevirdetaG

62 1TSB lanretxenatcennoC.evirdetagedishgih1TUPTUOehtrofnoitcennocroticapactsooB
.tiucriCnoitacilppAlacipyTehtninwohssaedoidadnaroticapac

72 NIV .egatlovylppustupnI

82 IDB .rotalugerCCVP/CCVArofevirdesaB
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Block Diagram
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Applications Information
The SC2453 is designed to control and drive two N-Chan-
nel MOSFET synchronous rectified buck and two LDOs,
one positive and the other negative. The two bucks are
synchronized and out of phase operation for low input
ripple and noise. The switching frequency is program-
mable to optimize design. The SC2453 switching regula-
tor section features lossless current sensing while it pro-
vides a programmable cycle by cycle over current limit.
The SC2453 linear sections are low dropout regulators.
The voltage for the linear controllers LDO1 and LDO2 are
programmable.

SUPPLIES

Supplies VIN, PVCC and AVCC from the input source are
used to power the SC2353. An external PNP transistor
as a linear regulator supplies AVCC and PVCC. The VIN
supply provides the bias for the Internal Reference and
UVLO circuitry. The AVCC supply provides the bias for the
oscillator, the switchers, the LDO controllers, and the
Power Good circuitry. PVCC is used to drive the low side
MOSFET gate.

START UP SEQUENCE

A 5uA current source pulls up on the SS pin. When the
SS pin reaches 0.5V, the first converter will start. The
reference input of the error amplifier is ramped up with
the soft-start signal. When the SS pin reaches 2V the SS
pin is pulled down to approximately 0.7V and the second
converter will begin to soft-start in an identical fashion
to the first converter. When the SS pin reaches 2V for
the second time, the SS pin is pulled to approximately
0.7V again and the LDOs are started. The reference of
the positive LDO is ramped with the SS pin while
the negative LDO should be soft-started externally by
ramping the positive supply of the feedback resistors.
The SS pin will then be pulled up to supply, i.e. AVCC. The
SS time is controlled by the value of the SS cap. If the
SS pin is pulled below 0.5V, the SC2453 is disabled.

The power-okay circuitry monitors the FB inputs of the
converter error amplifiers. If the voltage on these inputs
goes above 0.55V or below 0.45V then the POK pin is
pulled low. The power-okay circuitry monitors the FB in-
puts of the converter error amplifiers. If the voltage on
these inputs goes above 0.55V or below 0.45V then the
POK pin is pulled low. The POK pin is held low until the
end of the start-up sequence.

OSCILLATOR

The switching frequency of the SC2453 is set by an ex-
ternal resistor using the following formula:

fs4.8p10
1Rfreq ••

=

OVER CURRENT

SC2453 monitors any voltage drop in the lower MOSFETs
Rdson voltage due to an over current condition. This
method of current sensing minimizes any unnecessary
losses due to external sense resistance.

The SC2453 utilizes an internal current source and an
external resistor connected from the ILIM pins to the
AGND pin  to program a current limit level. This limit is
programmable by choosing the resistor relative to the
level required.  The value of the resistor can be selected
by the following formula:

)Rdson*IIim/(2000limRi =

An internal comparator with a reference from the level
set by the external resistor monitors the voltage drop
across the lower MOSFET. Once the Vdson of the MOSFET
exceeds this level, the low side gate is turned on and the
upper MOSFET is turned off.

GATE DRIVERS

The low side gate driver is supplied from PVCC and pro-
vides a peak source/sink current of 1A. The high side
gate drive is also capable of sourcing and sinking peak
currents of 1A. The high side MOSFET gate drive can be
provided by an external 12V supply that is connected
from BST to GND. The actual gate to source voltage of
the upper MOSFET will approximately equal 7V (12V-VCC).
If the external 12V supply is not available, a classical
bootstrap technique can be implemented from the PVCC
supply. A bootstrap capacitor is connected from BST to
Phase while PVCC is connected through a diode (Schottky
or other fast low VF diode) to the BST. This will provide a
gate to source voltage approximately equal to the VCC-
Vdiode drop.

Shoot through control circuitry provides a 30ns dead time
to ensure both the upper and lower MOSFET will not turn
on simultaneously and cause a shoot through condition.



9 2002 Semtech Corp. www.semtech.com

SC2453

POWER MANAGEMENT PRELIMINARY
Applications Information (Cont.)
PWM CONTROLLER

SC2453 is a voltage mode buck controller that utilizes
an externally compensated high bandwidth error ampli-
fier to regulate output voltage. The power stage of the
synchronous rectified buck converter control-to-output
transfer function is as shown below:

LCs
R
Ls1

CsR1V)s(G
2

C
INVD

++

+
=

where,

LC
1

O =ω

L – Output inductance
C – Output capacitance
RC – Output capacitor ESR
VIN – Input voltage

R3

C3

R2

R1

C1

Vref

C2

-

+

Figure 1.  Voltage Mode Buck Converter Compensation
Network

The transfer function of the compensation network is as
follows:

)s1)(s1(
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2Z1ZI
COMP

ω
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ω
+

ω
+

ω
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231
2Z
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CR
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+
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31
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23

1P
311
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CCR
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CR
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)CC(R
1

+

=ω=ω
+

=ω

The design guidelines are as following:

1. Set the loop gain crossover frequency ωC for given
switching  frequency.

2. Place an integrator in the origin to increase DC and
low frequency gains.

3. Select ωZ1 and ωZ2 such that they are placed near ωO
to dampen peaking;  the loop gain has –20dB rate
to go across the 0dB line for obtaining a wide band-
width.

4. Cancel ωESR with compensation pole ωP1 (ωP1 = ωESR ).
5. Place a high frequency compensation pole ωP2 at the

half switching frequency to get the maximum attenu-
ation of the switching ripple and the high frequency
noise with the adequate phase lag at ωC.

Figure 2. Asymptotic diagram of buck power stage and
its compensated loop gain.

0dB

Gd
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ωZ1

ωZ2

p1
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ωo

ω

ω

ω

ω

Loop gain T(s)
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Applications Information (Cont.)
DUAL LDO CONTROLLERS

The SC2453 provides positive and negative adjustable
linear regulator controllers. The positive linear regulator
uses a PNP transistor to regulate output voltage. This is
set by a voltage divider connected from the output to FB
to AGND. Referring to the front page Application Circuit,
select R8 in the 5KΩ to 20KΩ range. Calculate R7 with
the following equation:






 −= 1

5.0
VRR OUT

87

The negative linear regulator uses a NPN transistor to
regulate output voltage. This is set by a voltage divider
connected from the output to FB to a positive reference.
Referring to the front page Application Circuit, select R16
in the 5KΩ to 20KΩ range. Calculate R12 with the fol-
lowing equation:







=

REF

OUT
1612 V

VRR

where VREF is the positive voltage reference.

LAYOUT GUIDELINES

Careful attention to layout requirements are necessary
for successful implementation of the SC2453 PWM con-
troller. High switching current is present in the applica-
tion and their effect on ground plane voltage differen-
tials must be understood and minimized.

1). The high power parts of the circuit should be laid out
first. A ground plane should be used. The number and
position of ground plane interruptions should be such as
to not unnecessarily compromise ground plane integrity.
Isolated or semi-isolated areas of the ground plane may
be deliberately introduced to constrain ground currents
to particular areas, such as the input capacitor or the
bottom FET ground.

2). The loop formed by the Input Capacitor(s) (Cin), the
Top FET (QT) and the Bottom FET (QB) must be kept as
small as possible. This loop contains all the high current,
fast transition switching. Connections should be as wide

and as short as possible to minimize loop inductance.
Minimizing this loop area will a) reduce EMI, b) lower
ground injection currents, resulting in electrically “cleaner”
grounds for the rest of the system and c) minimize source
ringing, resulting in more reliable gate switching signals.

3). The connection between the junction of QT, QB and
the output inductor should be a wide trace or copper
region. It should be as short as practical. Since this con-
nection has fast voltage transitions, keeping this con-
nection short will minimize EMI. Also keep the Phase con-
nection to the IC short. The top FET gate charge currents
flow in this trace.

4) The Output Capacitor(s) (Cout) should be located as
close to the load as possible. Fast transient load cur-
rents are supplied by Cout only and connections between
Cout and the load must be short, wide copper areas to
minimize inductance and resistance.

5) The SC2453 is best placed over a quiet ground plane
area. Avoid pulse currents in the Cin, QT, QB loop flowing
in this area. GND should be returned to the ground plane
close to the package and close to the ground side of
(one of) the output capacitor(s). If this is not possible,
the GND pin may be connected to the ground path be-
tween the Output Capacitor(s) and the Cin, Q1, Q2 loop.
Under no circumstances should GND be returned to a
ground inside the Cin, Q1, Q2 loop.

6) A separate analog ground plane connects to the
SC2453 AGND pin. All analog grounding paths including
decoupling capacitors, feedback resistors, compensation
components, and current-limit setting resistors should
be connected to this plane.

7) Ideally, the grounds for the two LDO sections should
be returned to the ground side of (one of) the output
capacitor(s).
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Bill of Materials - Evaluation Board

metI .ytQ ecnerefeR eulaV .oNtraP/noitpircseD tnirPtooF

1 3 3C,2C,1C V61/Fu074 074AZ61:N/PnocybuR 430./002.SL/004.D/LYCPC

2 4 61C,9C,5C,4C Fu1.0 6021

3 2 05C,6C Fu1 6.21

4 3 02C,11C,7C V61/Fu074 174GHC1-ACE:N/PcinosanaP P11X8V_LAIDAR_PAC

5 1 8C Fu1.0 6021

6 1 01C Fu10.0 6021

7 2 12C,21C Fn2.2 6021

8 4 32C,22C,71C,31C V61/Fu86 086C1CF-UEE:N/PcinosanaP 130./001.SL/002.D/LYCPC

9 1 41C Fn2.8 6021

01 2 42C,51C Fp086 6021

11 1 81C Fn01 6021

21 1 91C Fn3.3 6021

31 1 52C Fn7.4 6021

41 1 15C V4/Fu74 LM033BPT4:N/PoynaS 3437

51 2 35C,25C Fp001 6021

61 2 2D,1D WH9185N1 7-WH9185N1:N/P.cnIsedoiD 321-DOS

71 1 3D 051B 31-051B:N/P.cnIsedoiD AMS/MS

81 1 1L )4:1(3800-2HPV 3800-2HPV:N/PscinortlioC 2PV

91 1 2L Hu51 351-P2205OD:N/PtfarclioC 6133OD

02 2 2Q,1Q 947TZF AT947TZF:N/P.cnIxeteZ 322-TOS

12 4 7Q,5Q,3Q,2Q PC01-30N05DUS PC01-30N05DUS:N/PyahsiV 322-TOS

22 1 7Q 946TZF AT946TZF:N/P.cnIxeteZ 322-TOS

32 5 ,42R,91R,31R,1R
15R

K01 6021

42 1 2R 01 6021

52 6 -32R,12R,61R,9R,3R
05R

K02 6021

62 4 41R,21R,6R,4R 2 6021

72 1 5R K3.11 6021

82 1 7R 74 6021

92 2 71R,8R 022 6021

03 1 01R K0.2 6021

13 1 11R K2.04 6021

23 1 51R 074 6021
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metI .ytQ ecnerefeR eulaV .oNtraP/noitpircseD tnirPtooF

33 1 81R 051 6021

43 1 02R K5.63 6021

53 1 22R K1.62 6021

63 1 1U 3542CS .proChcetmeS
RTSTI3542CS:N/P

82-POSST



14 2002 Semtech Corp. www.semtech.com

SC2453

POWER MANAGEMENT PRELIMINARY
Outline Drawing  - TSSOP-28

Land Pattern - TSSOP-28
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