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SC2545
High Performance Wide Input Range

Dual Synchronous Buck Controller
POWER MANAGEMENT

Revision: August 10, 2005

Description Features

Typical Application Circuit

Independent dual-outputs
“Peel off “start up trackingIndependent dual-outputs
Wide input voltage range: 4.5V~28V
Adjustable output voltage down to 0.75V
Flexible power sequencing with enable and power
good output
Synchronous Buck topology with voltage mode
control
Out of phase operation to reduce cost of input
capacitor
10V internal regulator for gate driver to deliver high
efficiency
Programmable switching frequency:
100kHz~300kHz
Full protection: UVLO, OVP and programmable

      OCP
No need for current sense resistor
Low shutdown current (100nA typical)
24 lead TSSOP and MLPQ packages
Fully WEEE and RoHS Compliant

Applications
Systems with 4.5V~28V input
LCDTV and PDPTV
Network and telecom systems

Pinout shown as TSSOP-24.

The SC2545 is a high performance dual PWM controller.
It is designed to convert a wide ranged input voltage down
to two independent output rails.  The SC2545 support
“peel off ” tracking for the two outputs at start up which
means the two outputs ramp up together till the one
with lower output level reaching the regulation.  The PWM
operations of the two channels are 180 degree out of
phase which can greatly reduce the size and the cost of
the input capacitors.  Synchronous Buck PWM topology
and voltage mode control allow high efficiency operation,
fast transient responses, and flexible component selec-
tion for easy designs.  A 10V internal linear regulator pro-
vides the bias for the controller, and this voltage is opti-
mized for gate drivers to deliver high efficiency.  The power
sequencing is fully supported including independent start
up, and power good output.  In the shut down mode the
controller only draws 100nA from the supply.  The con-
troller also offers full protection features for the condi-
tions of under voltage, over voltage, and the over current.
There is no need for a current sensing resistor because
the MOSFET on resistance is used for the sensing
element.  The switching frequency is adjustable from 100
kHz to 300 kHz.  Two packages TSSOP-24 and MLPQ-24
are offered.
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The first term is the DC voltage across Co at time t=0.
The second term is the voltage variation caused by the
charge balance between the load and the converter
output. The third term is voltage ripple due to ESL and
the fourth term is the voltage ripple due to ESR. The
total output voltage ripple is then a vector sum of the
last three terms.

Since the inductor current is a triangular waveform with
peak-to-peak value δ *Io, the ripple-voltage caused by
inductor current ripples is
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the ripple-voltage due to ESL is

The voltage rating of aluminum capacitors should be at
least 1.5Vo. The RMS current ripple rating should also
be greater than

Usually it is necessary to have several capacitors of the
same type in parallel to satisfy the ESR requirement.
The voltage ripple caused by the capacitor charge/
discharge should be an order of magnitude smaller than
the voltage ripple caused by the ESR. To guarantee this,
the capacitance should satisfy
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In many applications, several low ESR ceramic
capacitors are added in parallel with the aluminum
capacitors in order to further reduce ESR and improve
high frequency decoupling. Because the values of
capacitance and ESR are usually different in ceramic and
aluminum capacitors, the following remarks are made
to clarify some practical issues.
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and the ESR ripple-voltage is

Aluminum capacitors (e.g. electrolytic) have high
capacitances and low ESLs. The ESR has the dominant
effect on the output ripple voltage. It is therefore very
important to minimize the ESR.  Other types to choose
are solid OS-CON, POSCAP, and tantalum.

When determining the ESR value, both the steady state
ripple-voltage and the dynamic load transient need to be
considered. To meet  the steady state output ripple-
voltage spec, the ESR should satisfy
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To limit the dynamic output voltage overshoot/
undershoot within a (say 3%) of the steady state output
voltage from no load to full load, the ESR value should
satisfy

Then, the required ESR value of the output capacitors
should be

                         Resr = min{Resr1,Resr2 }.

.
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Remark 1: High frequency ceramic capacitors may
not carry most of the ripple current. It also depends on
the capacitor value.  Only when the capacitor value is set
properly, the effect of ceramic capacitor low ESR starts
to be significant.  For example, if a 10 µ F, 4m Ω  ceramic
capacitor is connected in parallel with 2x1500 µ F,
90m Ω  electrolytic capacitors, the ripple current in the
ceramic capacitor is only about 42% of the current in the
electrolytic capacitors at the ripple frequency. If a 100 µ F,
2m Ω   ceramic capacitor is used, the ripple current in
the ceramic capacitor will be about 4.2 times of that in
the electrolytic capacitors. When two 100 µ F, 2m Ω
ceramic capacitors are used, the current ratio increases
to 8.3.  In this case most of the ripple current flows in
the ceramic decoupling capacitor. The ESR of the ceramic
capacitors will then determine the output ripple-voltage.

Remark 2: The total equivalent capacitance of the filter
bank is not simply the sum of all the paralleled capacitors.
The total equivalent ESR is not simply the parallel
combination of all the individual ESR’s either. Instead
they should be calculated using the following formula.e 2
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Req and Ceq are both functions of frequency. For rigorous
design, the equivalent ESR should be evaluated at the
ripple frequency for voltage ripple calculation when both
ceramic and electrolytic capacitors are used. If R1a = R1b
= R1 and C1a = C1b = C1, then Req and Ceq will be frequency-
independent and

Req = 1/2 R1 and Ceq = 2C1.

where R1a and C1a are the ESR and capacitance of
electrolytic capacitors, and R1b and C1b are the ESR and
capacitance of the ceramic capacitors, respectively
(Figure 5).

              Figure 5.  Equivalent RC branch.

In Figure 6 the DC input voltage source has an internal
impedance Rin and the input capacitor Cin has an ESR of
Resr. MOSFET and input capacitor current waveforms, ESR
voltage ripple and input voltage ripple are shown in Figure
7.

Input Capacitor (Cin)Input Capacitor (Cin)Input Capacitor (Cin)Input Capacitor (Cin)Input Capacitor (Cin)

The input supply to the converter usually comes from a
pre-regulator. Since the input supply is not ideal, input
capacitors are needed to filter the current pulses at the
switching frequency. A simple buck converter is shown in
Figure 6.

C1a C1b Ceq

R1a R1b Req

        Figure 6. A simple model for the converter input.

         Figure 7. Typical waveforms at converter input.

It can be seen that the current in the input capacitor
pulses with high di/dt. Capacitors with low ESL should be
used. It is also important to place the input capacitor
close to the MOSFETs on the PC board to reduce trace
inductances around the pulse current loop.

The RMS value of the capacitor current is approximately
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The power dissipated in the input capacitors is then

         PCin = ICin
2Resr.

For reliable operation, the maximum power dissipation
in the capacitors should not result in more than 10oC of
temperature rise. Many manufacturers specify the
maximum allowable ripple current (ARMS) rating of the
capacitor at a given ripple frequency and ambient
temperature. The input capacitance should be high
enough to handle the ripple current. It is common pratice
that multiple capacitors are placed in parallel to increase
the ripple current handling capability.
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TTTTTop Switcop Switcop Switcop Switcop Switchhhhh
The RMS value of the top switch current is calculated as

The conduction losses are then

 Ptc = IQ1,rms
2 Rds(on).

Rds(on) varies with temperature and gate-source voltage.
Curves showing Rds(on) variations can be found in
manufacturers’ data sheet. From the Si4860 datasheet,
Rds(on) is less than 8m Ω  when Vgs is greater than 10V.
However Rds(on) increases by 50% as the junction
temperature increases from 25oC to 110oC.

The switching losses can be estimated using the simple
formula

where tr is the rise time and tf is the fall time of the
switching process. Different manufactures have different
definitions and test conditions for tr and tf. To clarify
these, we sketch the typical MOSFET switching
characteristics under clamped inductive mode in Figure
9.

Figure 9. MOSFET switching characteristics
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In Figure 9, Qgs1 is the gate charge needed to bring the
gate-to-source voltage Vgs to the threshold voltage Vgs_th.
Qgs2 is the additional gate charge required for the switch
current to reach its full-scale value Ids,.and Qgd is the
charge needed to charge gate-to-drain (Miller) capacitance
when Vds is falling.

Switching losses occur during the time interval [t1, t3].
Defining tr = t3-t1 and tr can be approximated as

.
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where Rgt is the total resistance from the driver supply
rail to the gate of the MOSFET. It includes the gate driver
internal impedance Rgi, external resistance Rge and the
gate resistance Rg within the MOSFET :

 Rgt = Rgi+Rge+Rg.

Vgsp is the Miller plateau voltage shown in Figure 9.
Similarly an approximate expression for tf is
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Only a portion of the total losses Pg = QgVccfs is dissipated
in the MOSFET package. Here Qg is the total gate charge
specified in the datasheet. The power dissipated within
the MOSFET package is

.fVQ
R
R

P sccg
gt

g
tg =

Vgs
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The total power loss of the top switch is then

        Pt = Ptc+Pts+Ptg.

If the input supply of the power converter varies over a
wide range, then it will be necessary to weigh the
relative importance of conduction and switching losses.
This is because conduction losses are inversely propor-
tional to the input voltage. Switching loss however
increases with the input voltage. The total power loss
of MOSFET should be calculated and compared for
high-line and low-line cases. The worst case is then
used for thermal design.

Applications Information (Cont.)
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Typical Characteristics

CH1: TG1
CH2: BG1
CH3: TG2
CH4: BG2

Gate waveform

Over current protection (5A/10mV)

Start up.

CH1:TG
CH2:BG
CH3:TG
CH4:BG

Shut down by pulling down EN pin
voltage.

       Transient response(0-5A).

CH1:TG
CH2:BG
CH3:VSS
CH4:Vo

“Peel off “Start up tracking by
tieing SS1 and SS2 together.

CH1:Vi
CH2:Ven
CH3:VSS
CH4:Vo

CH3:Vo
CH4:Io

Vss

Vo1

Vo2

Vss

Vo1

Vo2
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Efficiency Curve for Vout=3.3V.

Typical Characteristics (Cont.)

Operating frequency vs. Rosc.

RILIM vs. OCP (Vi=12V).

Freq. vs. Temp. ( Rosc=75kohm, Vin=16V).

Vcc vs. Vin ( Ta=25 Degree C).

Vcc vs. Temp.
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Icc vs. Vin (25 DegreeC).

DL min Ton vs. Tj (Vin=16V).

Dead time vs. Tj (Vin=16V, DH falling to DL rising).
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Outline Drawing - TSSOP-24

THIS LAND PATTERN IS FOR REFERENCE PURPOSES ONLY.
CONSULT YOUR MANUFACTURING GROUP TO ENSURE YOUR
COMPANY'S MANUFACTURING GUIDELINES ARE MET.
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Contact Information

Semtech Corporation
Power Management Products Division
200 Flynn Road, Camarillo, CA 93012
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Land Pattern - MLPQ-24 (4 x 4mm)

Semtech Corporation
Power Management Products Division
200 Flynn Road, Camarillo, CA 93012

Phone: (805)498-2111   FAX (805)498-3804

Contact Information

Outline Drawing - MLPQ-24 (4 x 4mm)
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