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SC2441A
1.8V to 20V Input 2-Phase Synchronous

Step-down Controllers with Step-up Converter

Description

 Revision: February 04, 2009

The SC2441A is a programmable frequency dual

independent or dual/multiple phase single output peak

current-mode step-down switching regulator controller. It

is capable of operating from 1.8V to 20V input. A 0.6A

step-up converter in the SC2441A generates an auxiliary

gate drive supply when VIN is below 4.5V. This makes the

SC2441A well suited for applications where a low-voltage

input (<3.3V) is to be stepped down for lower voltage logic,

yet the input is too low to drive power MOSFETs

efficiently.

The SC2441A employs a phase-locked synchronizing

circuit that allows the step-up converter to operate at

twice the switching frequency of the step-down

controllers for miniaturization. The clock output signal

enables two or more SC2441As to be daisy chained with

programmable phase shift.

Tying the FB2 pin to VIN makes the second step-down

channel a slave of the first. Operating in this mode, the

SC2441A regulates a single output with shared current in

each channel. Each step-down controller has its own soft-

start and overload shutdown timer for hiccup overload

protection. In the single-output mode, the channel 1 timer

controls the soft-start and overload hiccup of both

controllers.

Features

Applications

� Low voltage distributed DC-DC converters

� Telecommunication power supplies

� Servers and base stations

2-Phase Synchronous Step-down Controllers

� 2-Phase Synchronous Continuous Conduction Mode

� Out of Phase Operation for Low Input Current Ripple

� Operates up to 1MHz Per Channel

� Excellent Current Sharing Between Phases

� Duty Cycle Up to 90%

� 0.5V Feedback voltages for Low-Voltage Outputs

� Starts into Pre-biased Outputs

� Adaptive Shoot-through Protection

� Lossless Inductor DCR Current Sensing

� 23mV Current-limit Threshold

� Individual Soft-start, Overload Hiccup and Enable

Step-up Regulator

� 0.27V V
CESAT

 Switch at 0.6A

� Fixed frequency Current-mode Control

Common Features

� Wide input Voltage Range: 1.8V to 20V

� Synchronizing Frequency Equal to that of the Step-

down Converters

� 28-lead TSSOP-EDP Lead-free package, fully WEEE

and RoHS compliant

Typical Application Circuit

Figure 1
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Absolute Maximum Rating

Electrical Characteristics

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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Electrical Characteristics (Cont.)
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Electrical Characteristics (Cont.)
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Pin Configurations Ordering Information
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contains  2500 devices for the TSSOP-28-EDP

package.

(2)  Lead free product. This product is fully WEEE and

RoHS compliant.

1 

2 

3 

4 

5 

6 

7 

8 

CKOUT IN 

27 

28 

15 

16 

SW3 PLLF 

PGND2 SS1/EN1 

BST1 CS1+ 

PGND1 CS1- 

GDH1 SYNC/SHDN 

GDL1 FB3 

VCC COMP3 

9 

10 

22 

GDL2 GND 

GDH2 ROSC 

21 

18 

17 

19 

20 

11 

12 

24 

BST2 FB1 

SS2/EN2 COMP1 

23 

25 

26 

13 

14 

CS2+ COMP2 

CS2- FB2 

TSSOP-28 EDP

Top View



6 2006 Semtech Corp. www.semtech.com

POWER MANAGEMENT

SC2441A

Pin Descriptions
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Pin Descriptions (Cont.)
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Block Diagram

Figure 2   Functional Diagram of the Step-down Controllers
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Block Diagram

Figure 4  Details of Soft-Start and Overload Hiccup Control Circuit
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Block Diagram

Figure 5.  Phase-Locked Loop (a) and Its Timing Diagram in Locked Condition (R
2
 not Used) (b).
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Figure 6a.  SC2441A Start-up Timing Diagram

Figure 6b.  SC2441A Overload Hiccup Operation Timing Diagram
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Feedback Pin Input Bias Current vs 

Temperature
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Clock Output High Voltage vs Temperature
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VIN Start-up Threshold Voltage vs Temperature
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Phase Shift vs Temperature
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Overview

The SC2441A is a constant-frequency switching regulator

capable of operating from 1.8V to 20V input. It consists of

two current-mode step-down switch-mode PWM controllers

driving all N-channel MOSFETs and an auxiliary step-up

current-mode converter with an integrated 0.6A power

switch. A local supply (>5V) can be generated from a low

voltage input (3.3V, 2.5V or 1.8V) to provide sufficient gate

drives for the step-down converters.

 

The two step-down channels of the SC2441A operate at

180 degrees out of phase from each other. Input currents

are interleaved in a two-phase converter so input ripple

current is lower and lower input capacitance can be used

for filtering.

 

The step-down controllers of the SC2441A operate in

synchronous continuous-conduction mode. They can

function either as two independent step-down controllers

producing two separate outputs or as a dual-phase single-

output controller by tying the FB2 pin to V
IN 

(Figure 2). In

single output mode, the channel 1 error amplifier controls

both channels and the channel 2 error amplifier is

disabled. Soft-start and overload hiccup of both channels

are also controlled by channel 1. In Figure 2 the output

SEL of the comparator A1 determines which error amplifier

outputs and fault signals are routed to channel 2. The

minimum required FB2 voltage for single output mode is

1.55V.

Phase-Locked Loop and Synchronization

 

The SC2441A utilizes a phase-locked oscillator (Figure 5)

for clock generation and external synchronization. The

advantages of using a phase-locked loop (PLL) are: (i) when

the step-down channels are synchronized, the auxiliary step-

up regulator in the SC2441A can be made to run at twice

the external clock frequency to reduce component size and

(ii) two or more SC2441A can be daisy chained using the

clock output (pin 28) and interleaved with programmable

phase shift. Each step-down controller within a SC2441A

operates at 180 degrees out of phase from the other step-

down controller. The switching frequency of the step-down

controllers can be set with an external resistor ROSC. The

boost regulator and the step-down controllers are capable

of operating up to 2 MHz and 1 MHz respectively. It is

necessary to consider the operating duty-ratio range

before deciding the switching frequency. See Applications

Information section for more details.

 

Consider the detailed block diagram of the PLL in Figure

5. The phase/frequency detector compares the buffered

external clock XCLK with the 
TQ output of the toggle flip-

flop. If the rising edge of XCLK leads that of 
TQ  , then Q

U

will go high between the two corresponding rising edges.

Switch S
1
 is closed, charge is delivered to the loop filter

and the voltage at the PLLF pin increases. This in turn

causes the current output of the voltage to current converter

(V/I) and the switching frequency of the current-controlled

oscillator (CCO) to increase. If 
TQ rises before XCLK, then

Q
D
 will go high from the rising edge of 

TQ  to the rising

edge of XCLK. Switch S
2
 is closed, charge is drawn from

the loop filter and the PLLF voltage falls. The switching

frequency of the current-controlled oscillator (CCO)

decreases. When the PLL is in lock, the rising edges of

XCLK and 
TQ are aligned. Q

U
 and Q

D
 will go high for only a

few gate delays. The PLLF stabilizes to a constant DC

voltage and the CCO runs at the same frequency as the

external clock.

 

In the absence of an external clock, S
2
 is closed and the

PLL loop filter is continuously discharged. Not shown in

Figure 5 is an internal PLLF lower clamp circuit that limits

the minimum voltage at the PLLF pin to 0.17V. This sets

the lowest operating frequency and thus the lower bound

of the PLL lock-range. The V/I in Figure 5 is shown with

two non-inverting inputs. The lower voltage non-inverting

input takes control of the V/I. If the PLLF pin is tied to VIN

(>1.8V) through a current-limiting resistor, then the 0.4V

input of the V/I will predominate. The 0.4V input therefore

sets the upper excursion limit of the V/I and the maximum

operating frequency of the PLL at a given ROSC. The

maximum PLL frequency to the minimum locking frequency

ratio is about 2. When the SC2441A is not synchronized

externally, the PLLF pin should be tied high through a

resistor. The CCO will then run at its maximum frequency.

 

When two SC2441As are used in a master-slave

configuration, the PLLF pin of the master SC2441A is tied

high and its free running frequency is set with the resistor

ROSC. CKOUT of the master is then tied to the SHDNSYNC/

input of the slave SC2441A. The free running and the

Operation
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minimum locking frequencies of the slave should be

selected to accommodate the variation in the master�s

frequency. Phase shift between the master and the slave

can be programmed with an optional resistor (Figure 5).

More detailed discussion can be found in the Application

Information.

Pulling the SHDNSYNC/ pin below 0.5V shuts off the

SC2441A after 85µs time delay.

Control Loop

 

The step-down controllers and the boost regulator in the

SC2441A use peak current-mode control for fast transient

response and current sharing in single output operation.

Current-mode switching regulators utilize a dual-loop

feedback control system. The error amplifier output controls

the peak inductor current of that channel. This is the inner

current loop. The double reactive poles of the output LC

filter are reduced to a single real pole by the inner current

loop, easing loop compensation. Fast transient response

can be obtained with a simple Type-2 compensation

network. In the outer loop, the error amplifier regulates

the output voltage.

 

Referring to the block diagrams in Figures 2 and 3, the

sensed inductor current is summed with the slope-

compensating ramp before compared to the output of the

error amplifier. The PWM comparator trip point determines

the switch turn-on pulse width. The current-limit comparator

ILIM turns off the power switch when the sensed current

exceeds the corresponding current-limit threshold. ILIM

therefore provides cycle-by-cycle current limit. All three

converters in the SC2441A have internal ramp-

compensation to prevent sub-harmonic oscillation when

operating above 50% duty cycle. The internal compensating

ramp is designed for an inductor ripple-current between

4

1
and  of the maximum inductor current and the peak-

to-peak current-sense voltage (CSP-CSN of the step-down

controllers) between and of the current-limit

threshold (25mV). The current-limits of all three

converters are unaffected by the compensation ramps.

Current-Sensing

 

The inductor current needs to be sensed for use as PWM

modulating ramp. Either sense resistor or inductor series

resistance (DCR) can be used as the sensing element for

the step-down controllers. Since the maximum current-

sense voltage (CSP-CSN) is only 25mV, a precision sense

resistor in series with the inductor can be used at the output

without resulting in excessive power dissipation.

Alternatively the DCR of the inductor can also be used.

Both methods are less sensitive to supply and ground

transients than high-side or low-side sensing because the

sensed voltage is developed at the output of the step-

down converter. DCR sensing will be described in more

details in the Applications Information section.

 

Boost switch current is sensed with an integrated sense

resistor with a minimum current-limit of 0.6A.

Error Amplifiers

All error amplifiers in the SC2441A are of transconductance

type. Converters are compensated with series RC network

from the COMP pins to the ground. An additional small

parallel capacitor may be required for stability.

In Figure 2 the error amplifiers EA1 and EA2 are shown

with two non-inverting inputs. The non-inverting input with

lower voltage predominates. One positive input is biased

to a 0.5V precision reference. The other non-inverting input

of the error amplifier is tied to a voltage equal to

(VSS/EN - 1.25V)/3.

During converter start up, the effective positive input of

the error amplifier stays at 0 until the soft-start capacitor

at the SS/EN pin is charged above 1.25V. The

corresponding COMP pin is also pulled low by the

comparator A
2
 or A

3
. After the SS/EN voltage exceeds

1.25V, the COMP pin is released. Both the upper and the

lower gate drives remain low until the COMP voltage

exceeds 1.85V. If the soft-start capacitor charging time

is sufficiently long, then both the FB and the output

voltage will track the divided SS/EN voltage on their way

to regulation. If the starting output voltage is non-zero,

then the COMP voltage and the corresponding gate drives

will remain low until the divided SS/EN voltage exceeds

the feedback voltage. Starting into a pre-existing output

is seamless.

Operation (Cont.)
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Operation (Cont.)

In closed loop operation, EA1 and EA2 output voltage

vary from 1.2V to 3.5V with the range 1.2V to 1.85V

corresponding to negative peak sense voltages. Both gate

drives are kept off until the COMP voltage exceeds 1.85V

in start up.

The error amplifier of the step-up converter has a 1.25V

reference voltage. Its output voltage excursion is from 0.8V

to 1V in closed-loop operation.

Current-Limit

The 25mV maximum current sense voltage is the cycle-by-

cycle peak current limit of the step-down controller.

Gate Drivers

The SC2441A uses an adaptive non-overlapping control

scheme to switch the upper and the synchronous

MOSFETs. The synchronous MOSFET of each step-down

channel is turned off at the falling-edge of the phase

clock. The control (upper) MOSFET is not turned on until

the synchronous gate drive goes low. The phase inductor

current ramps up. When the sensed inductor current

reaches the threshold determined by the error amplifier

output and ramp compensation, the control MOSFET is

turned off. The synchronous MOSFET is not turned on

until the upper gate drive goes low.

The supply voltage for the upper gate driver is obtained

from a diode-capacitor bootstrap circuit. If the bootstrap

capacitor is charged from V
CC

, then the high-side gate drive

voltage will swing from approximately 2V
CC

 to ground. The

synchronous gate drive swings from V
CC

 to ground.

Soft-Start and Overload Protection

Figure 4 shows the functional diagram of the soft-start

and overload protection circuit. The soft-start capacitor

C
SS 

and its charging resistor R
SS

 are tied to the SS/EN pin.

Together they set the soft-start time. Before V
CC

 rises to

4.5V, the undervoltage lockout circuit discharges C
SS

 to

ground. After V
CC

 rises above 4.5V, Q
1
 turns off and C

SS
 is

slowly charged by R
SS

. Comparator C
2
 and latch L

2
 first

disable both the upper and lower gate drives. Hysteretic

comparator C
1
 resets the latch L

1
 so that hiccup is disabled

during start up. As mentioned above, there is no PWM

(=TGON) pulse until C
SS

 is above 1.25V and the

corresponding COMP rises above 1.85V. Once the first

TGON pulse appears, L
2
 is reset and both gate drivers of

that channel are enabled.

After C
SS

 is charged above 3.3V, C
1
 output goes low.

Hiccup is armed. If the output voltage is less than 70%

of the set value due to improper start up or output

overload, then C
3
 will set the overload latch L

1
. Both gate

drivers of the channel are turned off and the 10µA

current source discharges C
SS

. R
SS

 must be large enough

to ensure full discharge of C
SS

 down to 0.5V. Soft-start

process should be slow enough to allow the output to

reach 70% of its final value before hiccup is armed. The

overload latch L
1
 is reset when the C

SS
 capacitor is

discharged below 0.5V. The 10µA current source turns

off. C
SS

 capacitor is recharged by R
SS

 and the converter

undergoes soft-start. If overload persists, the step-down

converters will undergo repetitive shutdown and restart

(hiccup).

If the output is short-circuited, the inductor current will

not increase indefinitely between the times the inductor

current reaching its current limit and shutdown. This is

due to cycle skipping reduces the actual operating

frequency.

Pulling the SS/EN pin below 0.8V with an open-collector

transistor sets the disable latch L
2
 and turns off the gate

drives. The SS/EN pin can be used as the enable input for

the controller.

The soft start timing diagram and the hiccup operation

timing diagram are shown in Figures 6a and 6b

respectively.
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Operating Frequency (f
s
)

The switching frequency in the SC2441A is user-

programmable. The advantages of constant frequency

operation are simple passive component selection and

fast transient response with simple frequency

compensation. Before setting the operating frequency,

the following trade-offs should be considered.

1) passive component sizes

2) converter efficiency

3) EMI

4) Minimum switch on time and

5) Maximum duty ratio

For a given output power, the sizes of the passive

components are inversely proportional to the switching

frequency, whereas MOSFET�s/Diodes switching losses

are proportional to the operating frequency. Other issues

such as heat dissipation, packaging and the cost issues

should be considered. The frequency bands for signal

transmission should be avoided because of EM

interference.

The switching frequency of both step-down controllers is

set with an external resistor from Pin 10 to the signal

ground. The set frequency is inversely proportional to the

resistor value (Figure 7) and can be approximated as:

1.22

SWOSC F101618R
�

��

R
OSC

 is in KΩ and F
SW

 is in KHz.

The internal oscillator starts to operate once V
IN

 exceeds

its UVLO threshold. The oscillator output, CLK, (see Figure

2) clocks the step-up converter. The frequency divider

generates two out-of-phase clocks, CLK1 and CLK2, at

a half of CLK frequency. CLK1 and CLK2  clock the step-

down channels. The switching frequency of the step-up

converter is twice those of the step-down controllers. If

both step-down channels are running at 250KHz, then

the boost section will be running at 500KHz.

Applications Information

Rosc vs Single Channel Switching Frequency
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Figure 7. R
OSC  

vs. Step-down Channel Free-running

Frequency

Minimum Switch On Time Limitation

In both step-down controllers, the falling edge of the

clock turns on the top MOSFET. The inductor current

ramps up so does the sensed voltage. After the sensed

voltage crosses a threshold determined by the error

amplifier output, the top MOSFET is turned off. The

propagation delay time from the turn-on of the controlling

FET to its turn-off is the minimum switch on time. The

SC2441A has a minimum on time of about 180ns at

room temperature. This is the shortest on interval of the

controlling FET. The controller either does not turn on

the top MOSFET at all or turns it on for at least 180ns.

For a synchronous step-down converter, the operating

duty cycle is V
O
 /V

IN
. So the required on time for the top

MOSFET is V
O
/(V

IN
f

S
). If the frequency is set such that the

required pulse width is less than 180ns, then the

converter will start skipping cycles. Due to minimum on

time limitation, simultaneously operating at very high

R
OSC  

vs. Step-down Channel Switching Frequency
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switching frequency and very short duty cycle is not

practical. If the input voltage is 3.3V and the operating

frequency is 1MHz, the lowest output voltage will be 0.6V.

There will not be enough modulation headroom if the on

time is simply made equal to the minimum on time of the

SC2441A. For ease of control, we recommend that the

required pulse width be at least 1.5 times the minimum

on time.

Maximum Duty-cycle Consideration

The top MOSFET turns off for at least 200ns every cycle

regardless of the switching frequency. This places an

upper bound on the voltage conversion ratio at a given

switching frequency.

If the desired output voltage requires high operating duty-

cycle, then operating frequency will have to be lowered

to allow modulating headroom.

RC Filtering network for V
CC

 and V
IN 

pins

A RC filtering network is recommended for the SC2441A

V
CC

 and V
IN

 pin connections. As shown in Figure 1, R
6
 plus

C
8
 and R

2
 plus C

2
 are the filtering networks for V

CC
 pin

and V
IN

 pin respectively. The value of the R
6
 and R

2
 ranges

from 3.3Ω  to 5.11Ω. C
8
 and C

2
 should be larger than

1µF.

C
8
 and C

2
 are the decoupling capacitors for the V

CC
 pin

and V
IN

 pin. They should be placed as close as possible

to the pins of the SC2441A to achieve the best

decoupling performance. Due to the different

functionalities of the V
CC

 pin and V
IN

 pin, C
2
 should be

placed between the V
IN

 pin and the signal ground of the

SC2441A. And C
8
 should be placed between the V

CC
 pin

and the power ground of the SC2441A. The

recommended connections for the V
CC

 pin and V
IN

 pin are

illustrated in Figure 8.

V
IN

GND

PGND1

SC2441A

9

24

V
CC

1

21

C
2

C
8

R
2

R
6

Figure 8. RC Network Connections for V
IN

 and V
CC

 pins

Step-Up Converter

The SC2441A features a step-up regulator and two step-

down controllers.

The boost section of the SC2441A comprises of pins 7,

8, 26 and 27. Pin 26 is the independent power ground

for the boost converter section, which should be

separated from the step-down section power ground pin

24 in layout to minimize the noise influence. The boost

section in SC2441A has an internal reference set at

1.25V. The output of the boost section can be

programmed with external resistors R
1
 and R

4
 as shown

in Figure 1.

4

41

BOOST
R

RR
1.25VV

�

��

SC2441A utilizes a transconductance error amplifier for

the step-up controller and it can be compensated with

C
3
, R

5
 and C

5
 as shown in Figure 1. The step-up controller

in the SC2441A employs cycle-by-cycle peak current limit

to protect the internal switching transistor. Current limit

threshold is typically 0.8A.

In the applications where only low input voltage is

available, the step-up converter in the SC2441A is very

useful for generating an auxiliary output to power the

gate drive of the step-down controllers.

Applications Information
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Assuming that the efficiency of the boost converter is η
and the boost converter is running in CCM with duty ratio

D. The peak inductor current is

The saturation current rating of the selected inductor

should be at least 1.2 times of the calculated peak

current value.

Step-up Converter Capacitor Selection

Input capacitor: : : : :  The input capacitance should be large

such that the input transients due to both the step-up

and the step-down converters do not trip the UVLO

threshold 1.71V. Since the SC2441A controls a 2-phase

low input voltage step-down converter, the input

capacitance is sized to handle the input ripple current of

the buck converter. This is usually sufficient for the

auxiliary boost converter because the input current in a

boost converter is continuous.

Output capacitor:  Unlike buck converter, pulse current

is delivered to the output of a boost converter. To reduce

the output ripple voltage, low ESR capacitors should be

used. The output capacitor should also be able handle

the output ripple current. The SC2441A is designed to

use multi-layer ceramic capacitor as the sole output

capacitor.

Maximum Output Current of the Step-up Converter

Figure 3 shows that the boost switch current is sensed

with an internal sense resistor Rs and it is internally

limited at 0.6A. So the maximum output current can be

given as (η is the efficiency of the step-up section):

o3

in3
maxo3,

V

V

2
0.6AI

�� �

��� )(

SW3

PGND2

SC2441A

27

26

L
1

D
1

C
1

C
2

R
1

V
CC

PGND1

V
IN

21

24

Small

Loop

Figure 9. Step-Up Section Layout Illustration

As shown in Figure 9, to minimize the switching noise

generated by the step-up converter, the loop formed by

D
1
, C

1
, SW3 and PGND2 should be as small as possible.

And the PGND2 pin should be tied to PGND1 at one

spot close to the PGND1 pin.

Step-up Converter Inductor Selection

For a specified inductor current ripple ratio δ3 (peak-to-

peak current ripple v.s. actual input current I
IN

), the

inductor value is

.
V

V
)

V

V
1(

If

V
L

3o

in

3o

in

3o33s

in
1 �

�
�

Typically, select δ3 <2 for a Continous Conduction Mode

(CCM) operation.

If V
in 

= 3.3V, V
o3 

= 5V and I
o3 

= 100mA with δ3 = 1.6 and

f
s3 

= 1MHz, then, L
1 

= 4.7µH.
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Loop Compensation for the Step-Up Converter

A simple small signal model for current-mode boost

converter in continuous-conduction mode is shown in

Figure 10.

Figure 10.  Small signal model of Boost converter.

In Figure 10, C
o3

 and R
esr3

 are the capacitance and the

ESR of the output capacitor, g
m3

 is the error amplifier

transconductance and k
3
 is the current loop gain. If one

specifies the loop crossover frequency f
c
, the

compensation component values are readily calculated

as

,
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Soft-Starting the Step-Down Controllers

The soft-start of the two step-down converters are

independently controlled through  SS1 pin and SS2 pin.

As lillustrated in Figure 4, if V
CC

 is below 4.5V, Q
1
 will be

on, keeping C
SS

 discharged. When FAULT goes low, Q
1
 is

turned off, C
SS

 gets charged via R
SS

 from V
CC

. Values of

R
SS

 and C
SS

 set different start-up times.

As shown in Figure 4, if the output falls below 70% of its

setpoint, the Css will be discharged with a 10µA current

sink. R
SS

 must be large enough to allow the soft-start

capacitor to be discharged below 0.5V. Soft-start process

should be long enough to allow the output to reach 70%

of its final value before hiccup is armed.

Coincident Soft-Start

The step-down controllers can be made to start

coincidently.  The method is shown in Figure 11.

SS1/EN1

SC2441A

3

SS2/EN2
17

R
SS1

C
SS1

R
SS2

C
SS2

V
CC

V
CC

D
1

D
2

C
SS

Figure 11. Coincident Soft-Start for Step-Down

Converters

The capacitance of C
SS

, as shown above, should be more

than 3 times of the capacitance of the C
SS1

 and C
SS2

.
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DCR Current Sensing

Either precision sense resistor or inductor DCR can be

used as the inductor current sensing element.

Figure 12. Current Sensing Circuit.

In Figure 12 SW1 and SW2 represent the MOSFET

switches. CS is the current sense amplifier. I
CS+

 and I
CS-

are the input bias currents of the CS. L
1
 is the output

inductor. R
1
 is the DC resistance of L

1
. R

2
, R

3
 and C

1

constitute the DCR current sensing network.

Assuming that CS input bias currents are zero and that

R
3
 is not used,  if the time constant L

1
/R

1
 is made equal

to the time constant  R
2
C

1
, then the voltage across the

inductor DCR, R
1
, will be replicated across C

1
 in the steady

state (see Figure 13). The following equations apply:

/2III
1LOPEAKL1 ���.

/2III
1LOVALLEYL1 ���.

1L1C1 R(t)I(t)V ��

where, I
O
 is the output current and 1LI� is the peak-to-

peak L
1 
current ripple. The inductor current can therefore

be sensed by monitoring C
1
 voltage. L should be selected

so that the  is between 25% to 33% of the I
O
.

However CS input bias currents are not zero. I
CS+

 and I
CS-

are typically 0.4µA and 40µA respectively (see electrical

characteristics) and can not be ignored.

Figure 13. Voltage Waveform C
1
 and R

1

In Figure 12, R
2
 and R

3
 resistive divider attenuates the

sensed signals when I . The time

constant resulting from L
1
 and its DCR R

1
 is:

 

Define R
EQU

:

The time constant of the DCR sensing network is:

If τ
C1

 = τ
L1

 , then the peak and valley voltages across

C
1
will be:

�
�

�
�
�

� �
�	
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therefore introduces an offset error to the sensed

voltage. To reduce this error, R
EQU 

must be minimized.

Suppose V
IN

=5V; V
OUT

=2.5V; D=50%; I
OUT

=20A;

F
SW

=500KHz; L
1
=0.5µH; R

1
=2mΩ; I

CS+
=1µA. The output

current limit is set at 28A.  The time constant formed by

L
1
 and R

1
 is

1

1

1
L1 C

3
R

2
R

3
R

2
R

0.25ms
R

L
�
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Pre-biased Start Up

Sometimes the step-down converter is to start into a

pre-biased output load. The pre-biased voltage is normally

lower than the output setpoint of the step-down

converter.

As described earlier, pre-bias startup process with the

SC2441A is seamless. The testing setup of the pre-biased

start-up is shown as in Figure 14.

D1

V
sBlocking Diode

External

Voltage

Source

Module

under

Test

+

-

R
LOAD

V
O

Figure 14. Test Setup for Pre-biased Start Up

Applications Information
In Figure 14,  V

S
 is the external power supply pre-biasing

V
O
. D

1
 blocks the output of the power module under test

from V
S
 during soft-start. R

LOAD
 is the resistive load of the

module under test. Before power-up the module, monitor

V
O
 to ensure that it is the desired pre-biased output

voltage. Then power-up the module. V
O
 should rise

smoothly.

Free-running Operation

The internal oscillator of the SC2441A can either free-

run or it can be phase-locked to an external clock.

In free-running mode, the internal phase-locked loop is

disabled by tying an external resistor from the PLLF pin

to V
IN

. The external resistor ROSC (see figure 5(a))

programs the channel frequency. The PLLF pull-up resistor

should be carefully selected so that the voltage at the

PLLF pin is above 1V. A value between 20KΩ to 50KΩ is

recommended.

Pull-up resistor can also be tied to V
CC

 if V
CC

 is present

before the SC2441A starts to switch. The advantage tying

the pull-up resistor to V
CC

 is because that the V
CC

 is a

regulated output from either a boost converter or a sepic

converter. The resistor from the PLLF pin can be tied to

V
CC

 if V
CC

 is from a boost converter output. The reason is

that the V
CC

 will be powered up from the input V
IN

 before

output of the boost converter reaches the setpoint.

However, in some applications, a SEPIC converter is

employed to get stable V
CC

 due to the wide input voltage

range. In this case, the resistor from the PLLF pin should

not be connected to the V
CC

 due to the presence of a DC

blocking capacitor in the converter. The SC2441A will not

switch if the PLLF pin is at zero volt.

Applying more than 2.1V at the PLLF pin activates the

diode clamp circuit (see Figure 5(a)). The filtering

components (R
1
,R

2
, C

1
 and C

2
 in Figure 5(a)) are not

needed while free-running. The clamp activation will have

no effect on the PLL if V
PLLF 

>1V.

The internal clock is brought out to the CKOUT pin. The

signal at CKOUT pin can be used as the synchronizing

clock for other SC2441As in a master-slave configuration.
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get C
1
=83nF. Since 83nF is not a standard capacitance

value, we use 100nF capacitor for C
1
. Consequently,
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