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Description Features

Applications

Typical Application Circuit

Operation to 1MHz
Accurate programmable maximum duty cycle
Line voltage monitoring
External frequency synchronization
Bi-phase mode of operation for low ripple
Under 100µA start-up current
Accessible reference voltage
VDD undervoltage lockout
-40°C to 105°C operating temperature
10 lead MSOP package

The SC4809A/B/C is a 10 pin BICMOS  primary side
current mode controller for use in Isolated DC-DC and
off-line switching power supplies.  It is a highly integrated
solution, requiring few external components. It features
a high frequency of operation, accurately programmable
maximum duty cycle, current mode control, line voltage
monitoring, supply UVLO, low start-up current, and
programmable soft start with user accessible reference.
It operates in a fixed frequency, highly desirable for
Telecom applications. Features a separate sync pin which
simplifies synchronization to an external clock. Feeding
the oscillator of one device to the sync of another forces
biphase operation which reduces input ripple and filter
size.

The SC4809A/B/C have different threshold and VREF
to accommodate a wide variety of applications

These devices are available in the MSOP–10 lead
package.

Telecom equipment and power supplies
Networking power supplies
Power over LAN applications
Industrial power supplies
Isolated power supplies
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Absolute Maximum Ratings

Electrical Characteristics

retemaraP snoitidnoCtseT niM pyT xaM tinU

noitceSylppuS

pmalCDDV
noisrevB

61 5.71 91 V

I DD 5.1 5.2 Am

I DD gnitratS 011 Aµ

)noisrevA(noitceSOLVU

dlohserhTtratS 53.4 5.4 V

siseretsyH 3.0 V

)noisrevB(noitceSOLVU

dlohserhTtratS 11 21 V

siseretsyH 4 V

)noisrevC(noitceSOLVU

dlohserhTtratS 55.6 59.6 V

siseretsyH 57.0 V

noitceSFERV

)noisrevA(FERV Am5-0 %3- 4 %3+ V

)noisrevC,B(FERV Am5-0 %3- 5 %3+ V

retemaraP lobmyS mumixaM stinU

egatloVylppuS V DD 91 V

tnerruCylppuS I DD 52 Am

TCR,XAMD,OLVU,SS VotV3.0- FER V3.0+ V

FERVtnerruC I FER 51 Am

OLVULtnerruC I OLVUL 1- Am

egnaRerutarepmeTegarotS T GTS 051+ot56- C°

erutarepmeTnoitcnuJ TJ 051+ot04- C°

ecnatsiseRlamrehT θ AJ 311 W/C°

.ceS01)gniredloS(erutarepmeTdaeL T DAEL 003+ C°

)ledomydobnamuH(gnitaRDSE DSE 2 Vk

Unless specified: VDD = 12V, CSS =1nF, FOSC = 500kHz,  RT = 10K,  CT = 100pF,  DMAX = 2V,   TA = TJ = -40ºC to +105ºC.

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.)

retemaraP snoitidnoCtseT niM pyT xaM tinU

tuokcoLegatloVrednUeniL

dlohserhTtratS RA R,k9.16= B k01= %3- 3 %3- V

siseretsyH RA R,k9.16= B k01= 051 Vm

tnerruCsaiBtupnI V2.3=OLVUL 001- 052- An

noitceSrotarapmoC

BFI ffOtuptuO 001- An

)noisrevB,A(dlohserhTrotarapmoC 075 006 036 Vm

)noisrevC(dlohserhTrotarapmoC 059 0001 0501 Vm

)daoLoN(yaleDnoitagaporPTUO V BF TtaV2.1otV8.0= R sn01= 57 001 sn

noitceStratStfoS

I SS V SS 04-;V0= T<C° a C°501+ 2- 0.8- Aµ

)noisrevB,A(dlohserhTnwodtuhS 003 043 Vm

)noisrevC(dlohserhTnwodtuhS 044 005 Vm

noitceSrotallicsO

egnarycneuqerF 05 0011 zHk

egatloVkaePTCR 00.3 V

egatloVyellaVTCR 50.0 V

htdiWesluPelcyCytuDmuminiM V BF V2= 05 sn

elcyCytuDmumixaM 09 %

KCOLC/cnyS

dlohserhTCNYSkcolC dereggirTegdEevitisoP 1.2 V

htdiWesluPtupnIcnySmuminiM F CNYS csoF> 05 sn

noitceStuptuO

woLTASVtuptuO I TUO Am1= 005 Vm

hgiHTASVtuptuO I TUO Am1= V FER 5.0- V

emiTesiR C TUO Fp02= 01 52 sn

emiTllaF C TUO Fp02= 01 52 sn

Unless specified: VDD = 12V, CSS =1nF, FOSC = 500kHz,  RT = 10K,  CT = 100pF,  DMAX = 2V,   TA = TJ = -40ºC to +105ºC.
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Pin Configuration Ordering Information

Pin Descriptions
FB:  This pin is the summing node for current sense feed-
back, voltage sense feedback (by optocoupler) and slope
compensation.  Slope compensation is derived from the
rising voltage at the time capacitor and can be buffered
with an external small signal NPN transistor.  External
high frequency filter capacitance applied from this node
to GND is discharged by an internal 250Ω on-resistance
NMOS FET during PWM off -time and offers effective lead-
ing edge blanking set by the RC time constant of the
feedback resistance from the current sense resistor to
the FB input and the high frequency filter capacitor ca-
pacitance at this node to GND.

GND:  Reference ground and power ground for all func-
tions.

OUT:  This pin is the logic level drive output to the exter-
nal MOSFET driver circuit (similar to SC1301).

VREF:  The internal 4V (A) / 5V (B & C) reference output.
This reference is buffered and is available on the VREF
pin.  VREF should be bypassed with a 0.47 - 1.0µF ce-
ramic capacitor.

RCT:  The oscillator frequency is configured by connect-
ing resistor RT from VREF to RCT and capacitor CT from
RCT to ground. Using the equation below values for RT
and CT can be selected to provide the desired OUT fre-
quency.


















−••−

=
−

REF

KP

V
V1lnCTRT

1F

where VP-K = RCT peak voltage

DMAX:  Duty cycle up to 98% can be programmed via R4
and R5 (the resistor divider from Vref in the Application
Circuit). When DMAX pin is taken above 3V, 100% duty
cycle is achieved.

SS:  This pin serves two functions.  The soft start timing
capacitor connects to SS and is charged by an internal
8µA current source.  Under normal soft start SS is dis-
charged to less than 1V and then ramps positive to 1V
during which time the output driver is held low.  As SS
charges from 1V to 2V, soft start is implemented by an
increasing output duty cycle.  If SS is taken below shut-
down threshold, the output driver is inhibited and held
low.  The user accessible voltage reference also goes
low and IDD < 100µA.

VDD:  The power input connection for this device. This pin
is shunt regulated at 17.5V which is sufficiently below the
voltage rating of the DMOS output driver stage. VDD
should be bypassed with a 1µF ceramic capacitor.

LUVLO: Line undervoltage lock out pin. An external resis-
tive divider will program the undervoltage lock out level.
During the LUVLO, the Driver outputs are disabled and
the softstart is reset.

SYNC: SYNC is a positive edge triggered input with a
threshold set to 2.1V. In the Bi-Phase operation mode
the SYNC pin should be connected to the CT
 (Timing  Capacitor) of the second controller. This will force
a out of phase operation. In a single controller opera-
tion, SYNC could be grounded or connected to an exter-
nal synchronization clock with a frequency higher than
the on-board oscillator frequency. The external OSC fre-
quency should be 30% greater for guaranteed SYNC
operation.

MSOP-10

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

rebmuNtraP egakcaP T(egnaR.pmeT J)

RTSMIA9084CS
01-POSM C°051+otC°04-

RTSMIB9084CS

RTSMIC9084CS

Top View
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Block Diagram

Marking Information

Part Number (Example: 1456)
yyww  =  Datecode (Example: 0012)
xxxxx  =  Semtech Lot # (Example: E901
xxxxx  =                                        01-1)

Top Mark

Bottom Mark

xxxx
xxxx

Top Mark

Bottom Mark

xxxx
xxxx

Top Mark

Bottom Mark

yyww
AF0C

xxxx
xxxx

yyww
AF0A

yyww
AF0B
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Applications Information Flyback, 90V - 300V to 5V @ 1A typ.
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POWER MANAGEMENT
Application Information

The flyback power stage is very popular in 48V input
telecom applications for output power levels up to
approximately 50 watts. The exact power rating of the
flyback power stage, of course, is dependent on the input
voltage/output voltage combination, its operating
environment and many other factors. Additional output
voltages can be generated easily by simply adding another
winding to the coupled inductor along with an output
diode and output capacitor. Obtaining multiple output
voltages from a single power stage is another advantage
of the flyback power stage.

A simplified schematic of the flyback power stage with a
drive circuit block included is shown in Figure 1. In the
schematic shown, the secondary winding of the coupled
inductor is connected to produce output voltage. The
power switch, Q1, is an N-channel MOSFET.  The
secondary inductance, LSEC and capacitor C, make up the
output filter, The resistor R, represents the load seen by
the power supply output.

Figure 1: Flyback Power Converter

The important waveforms of the flyback power stage
operating in DCM are shown in Figure 2.

Figure 2: Discontinuous Mode Flyback Waveforms

The simplified voltage conversion relationship for the
flyback power stage operating in CCM is given by:

D1
D

N
NVV

P

S
IO −

••=

The simplified voltage conversion relationship for the
flyback power stage operating in DCM is given by:

K
D

N
NVV

P

S
IO ••=

Where K is defined as:

S

SEC

TR
L2K
•

•
=
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Control-to-Output transfer function for the flyback power
stage operating in CCM is given by:

2
O

2

O

2z1z

P

S
2

IO

S
Q

S1

S1S1

N
N

)D1(
V

dD
dV

ω
+

•ω
+







ω

−•





ω

+
••

−
=

where:

C
L

Rx)D1(Q

CL
D1
LD

R)D1(
CR

11z

SEC

SEC
O

SEC

2

2z

C

−≈

•
−≈ω

•
•−≈ω

•
=ω

Control-to Output transfer function for the flyback power
stage operating in DCM is given by:

P

SEC

S

P

S
I

O

S1

1
L2
TR

N
NV

dD
dV

ω
+

•
•
•

••=

where:

CR
2

P •
=ω

Peak current mode control requires simpler
compensation, has pulse-by-pulse current limiting, and
has better load current regulation. Primary and secondary
RMS currents can be up to two times higher for
discontinuous mode than for CCM.  Discontinuous
conduction mode would require using a transistor with a
higher current rating. Because the output ripple current
is less than it would be continuous mode were used, the
output capacitors are smaller.  Continuous conduction
mode (CCM) was therefore chosen.

Application Information (Cont.)
The DC transfer function of a CCM flyback converter is:







−

•=
−
+

max

max

)on(Rds(min)IN

DO

D1
D

N
1

VV
VV

where VO = output voltage,

VD = forward voltage drop across rectifier D1,

N = turns ratio, equal to NP/NS,

D = duty cycle.

Transformer Design

The transformer in a flyback converter is actually a coupled
inductor with multiple windings.  Transformers provide
coupling and isolation whereas inductors provide energy
storage.  The energy stored in the air gap of the inductor
is equal to:

( )
2
ILE

2
PEAKP •=

where E is in Joules, LP is the primary inductance in
Henries, and IPEAK is the primary peak current in Amperes.
When the switch is on, D1 is reverse biased due to the
dot configuration of the transformer. No current flows in
the secondary windings and the current in the primary
winding ramps up at a rate of:

P

)on(Rds(min)INL

L
VV

t
I −

=
∆
∆

The output capacitor, COUT, supplies all of the load current
at this time. Because the converter is operating in the
continuous conduction mode, ∆IL is the change in the
inductor current which appears as a positive slope ramp
on a step.  The step is present because there is still
current left in the secondary windings when the primary
turns on. When the switch turns off, current flows through
the secondary winding and D1 as a negative ramp on a
step, replenishing COUT and supplying current directly to
the load.
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The primary inductance can be calculated given an
acceptable current ripple, ∆IL.  ∆IL  was set to equal one-
half the peak primary current. For a CCM flyback design,
the peak primary current is calculated:

2
I

D1
1

N
I

I L

max

(max)OUT
PEAK

∆+





−

•





=

Because the converter is operating in the continuous
mode, the maximum peak flux density BMAX, is limited by
the saturation flux density, BSAT. Taking all this into
consideration, the maximum core size is determined by.

31.1

MAX

4
RMSPEAKP

Bk420
10IILAP 





••

•••
=

where AP = the core area product in cm4,
k = winding factor,

BMAX ≈ BSAT,

The result is compared to the product of the winding area,
Aw (cm2), and effective core area, Ae (cm2),  listed in the
core manufacturer’s data sheet.

The minimum number of primary turns is determined by:

AeB
10ILN

MAX

4
PEAKP

P •
••=

Based upon this result and the predetermined turns ratio,
the number of secondary turns is established.

The energy stored in the flyback transformer is actually
stored in an air gap in the core. This is because the high
permeability of the ferrite material can’t store much
energy without saturating first. By adding an air gap, the
hysteresis curve of the magnetic material is actually tilted,
requiring a much higher field strength to saturate the
core. The length of the air gap is calculated by:

P

22
Pro

g L
10Ae)N( −•••µ•µ

=l

Application Information (Cont.) MOSFET Selection

The switching element in a flyback converter must have
a voltage rating high enough to handle the maximum input
voltage and the reflected secondary voltage, not to
mention any leakage inductance induced spike that is
inevitably present. Approximate the required voltage
rating of the MOSFET using.

( ) ( ) 3.1VV
N
NVVV DO

S

P
L(max)INds •












+•





++=

where Vds = the required drain to source voltage rating of
the MOSFET,

VL = the voltage spike due to the leakage inductance of
the transformer, estimated to be thirty percent of VIN(MAX),
and the additions 1.3 factor includes an overall thirty
percent margin.

This FET will experience both switching and conduction
losses. The conduction losses will be equal to the I2R
losses, as shown by:

( ) )ON(DS
2

RMSCOND RIP •=

Switching losses are the result of overlapping drain
current and drain to source voltage at turn on and turn
off.

The total switching losses are estimated based on
equation:

swchPEAKDS
SW

2
DSOSS

SW ftIV
2

f)V(CP •••+••=

where tch:

)th(gs

ggd
CH VVDD

RQ
t

−
•

=

Diode Selection

Schottky rectifiers have a lower forward voltage drop than
typical PN devices, making it the rectifier of choice when
considering reducing converter losses and improving
overall efficiency. Selecting the appropriate Schottky for
a specific application depends mainly on the working
peak reverse voltage rating and peak repetitive forward
current.
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Input and Output Capacitors

The input capacitors are chosen based upon their ripple
current rating and their rated voltage. The actual capacitor
value is not that critical as long as the minimum
capacitance gives an acceptable ripple voltage
determined by the following equation:

Vf8
IC
SW

RMS
MIN ∆••

=

The output capacitors are also chosen based upon their
low equivalent series resistance (ESR), ripple current and
voltage ratings. The ripple current that the output
capacitor experiences is a result of supplying the load
current during the FET conduction time and its charging
current during the FET off-time.

Voltage Feedback

The FB pin of the SC4809 sums the voltage feedback
signal to the current sense signal and any added slope
compensation. The voltage feedback signal is from an
optocoupler, which is driven from an error amplifier on
the secondary side of the converter. The signal from the
optocoupler is designed to trip the FB threshold of the
SC4809 internal comparator when the output voltage
exceeds its specified limit.

Current Limit

Selection of the current sense resistor is accomplished
by dividing the FB threshold value by the peak primary
current at the desired current limit point. This ground-
referenced RSENSE must be a low inductance type and have

a rated power level to meet the (IRMS)2• RSENSE

requirement.

Current spikes caused by the leakage inductance of the
flyback transformer and the reverse recovery of the diode
could trip the current sense latch and prematurely shut
off the output. This unwanted spike can be suppressed
by adding a small RC filter for effective leading edge
blanking.

Slope Compensation

Sensing peak inductor current instead of average
inductor current results in a loop response that is Less
than ideal. Adding slope compensation to the current
signal cancels this error by maintaining a constant average
current independent of duty cycle. Slope compensation
is required for open loop stability in a current mode system
with 50% or greater duty cycles, but will benefit any
current mode application at the cost of a few small parts.

Loop Compensation

The continuous current mode flyback will contain a right-
half-plane (RHP) zero in its transfer function. Any increase
in load current will require the primary peak inductor
current to increase. The duty cycle must increase to
accomplish this. In a flyback converter, the inductor
current flows to the output only when the FET is off and
the diode is conducting. Increasing the duty cycle
increases the FET condition time but decreases the diode
conduction time. The result of this is the average diode
current, the current that supplies the load, actually
decreases. This  is a temporary situation; as the inductor
current rises, the diode current eventually reaches its
proper value. The condition where the average diode
current must actually decrease before it can increase is
referred to as a right-half-plane zero. To complicate
matters, this zero contributes a phase lag, not a phase
lead as a normal zero would. This zero moves in frequency
as a function of load and input voltage, making it
impossible to cancel out by the insertion of a pole.

)VNV(LR2
VNf

OUTINPOUT

2
IN

RHPZERO •+•••π•
•

=

The easiest way to deal with a right-half-plane zero is to
roll off the loop gain at a relatively low frequency using
simple dominant pole compensation. Unfortunately, the
result of this is poor dynamic response.

The primary goal of the compensation network is to
provide good line and load regulation and dynamic
response. These objectives are best met by providing
high gain at low frequencies for good DC regulation and
high bandwidth for good transient response. Optimum
closed loop performance can only be achieved by first

Application Information (Cont.)
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knowing what the transfer characteristic of the PWM and
switching circuit looks like. Constructing a Bode plot of
the known poles and zeros in the power stage does this.
Bode plots give a visual interpretation of the gain versus
frequency and phase versus frequency characteristics
of a system. In the gain plot, the gain shown at each
frequency represents the amount by which the feedback
loop will reduce a disturbance at that frequency.

Besides the RHP zero, the output capacitor and the load
contribute a pole and the output capacitor alone will
contribute a zero based upon its ESR.

OUTOUT
pole CR2

D1f
••π•

+=

OUT
zero CESR2

1f
••π

=

The control to output gain is calculated by:









+•••−•

••
••=

)VVN2()D1(V
VRIlog20GAIN

INOC

INOUTSC

Once the frequency response of the uncompensated
system is determined, the next step is to determine what
compensation is needed around the error amplifier for
optimum performance. As stated earlier, optimum
performance requires a high gain at low frequencies for
good DC regulation and high bandwidth for good transient
response. The crossover frequency, fc, is the frequency
at which the gain magnitude equals 0dB. High bandwidth
is achieved by having the highest possible fc. Because of
the RHP zero, the highest possible crossover frequency
is limited to fRHPZERO/π. The phase margin, or the amount
the phase lag measures at fc less 180°, should be at
least 45° for good transient response with little
overshoot. The magnitude of the gain at the frequency
where the phase plot measures - 180° is referred to as
the gain margin. If  the slope of the gain plot is -2, or
 -40dB/decade, at low frequencies, it much transition to
a -20dB/decade slope, also known as a -1 slope, one
decade before crossing the 0dB point. If the slope
remains at the -2 slope the resultant gain margin would
be too small causing sever underdamped oscillations at
fc.

Application Information (Cont.)

The scheme shown below will handle most compensation
requirements. There is a pole at the origin which
contributes a -1 slope in the gain plot, a low frequency
zero, fEAZERO flattens out the slope so the mid-range gain
is equal to Rf/Ri. A high frequency pole, fEAPOLE helps
suppress any high frequency noise from propagating
through the system. Rd forms a voltage divider with Ri
and provides a DC offset.

pf
EAPOLE

ff
EAZERO

CR2
1f

CR2
1f

••π•
=

••π•
=

By combining the Bode plots of the PWM and power stage
with the error amplifier compensation, a plot of the entire
system is realized.
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