1 Converter High Power Factor LED Driver ICs

LC5581AS/LS Data Sheet

Description Package

The LC5581AS and LC5581LS are quasi-resonant VSOP16
LED driver ICs. The ICs can also operate in PWM mode.
The ICs support isolated and non-isolated buck circuits
and buck-boost converters.
The ICs provide the systems that can comply with the
harmonics standard (IEC61000-3-2 Class C) in all
conditions, including a light load condition. These
systems, moreover, can be achieved by 1 converter
system that requires no input electrolytic capacitor.
The ICs employ the average current and quasi-resonant Not to scale
controls: the average current control realizes high power
factors, whereas the quasi-resonant control contributes to
high efficiency and low noise. Having a rich set of

protection features, the ICs can provide more cost- Selection Guide
effective power supply systems with fewer external
components. e Specifications

Gate Drive Output Voltage, Vporv = 8.2 V
DRV Pin Output Impedance, Rprv(source) = 45 Q

Features :
DRV Pin Input Impedance, Rporv(sink) = 15 Q
e 800 V High Voltage Built-in Startup Circuit e Protection Operation
e Analog Dimming Function Protection Operation
e High Power Factor by Average Current Control Part Number
e Soft Start Function OLP OovpP
e Shorter Time from Startup to LED Lighting LC5581AS Auto-restart Auto-restart
— COMP Pin Fast Charging Function LC5581LS Auto-restart Latched shutdown
— Bias Assist Function that Includes Two Types that
are Activated at Different VVoltage Levels
(Smaller Capacitance of the VCC Pin) P
e Standby Function Applications
e | eading Edge Blanking Function e LED Lighting Equipment
e Maximum On-time Limitation Function e LED Bulbs
e Protections

Overcurrent Protection (OCP): Pulse-by-pulse
Overload Protection (OLP): Auto-restart

Overvoltage Protection (OVP): Latched Shutdown/
Auto-restart

Typical Application
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1. Absolute Maximum Ratings

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); current coming out
of the IC (sourcing) is negative current (—). Unless otherwise specified, Ta = 25 °C.

Surge withstand capability (HBM) of the LC5581AS/LS is guaranteed as follows: 1000 V for pin 8, and 2000 V for
the other pins.

Parameter Symbol Conditions Pin Rating Unit
OCP Pin Voltage Vocp 13-10 -2.0t05.0 V
COMP Pin Voltage Vcowmp 14-10 —-0.3t07.0 V
VREF Pin Voltage VRer 16 -10 —-0.3t05.0 \Y
ISENSE Pin Voltage Visen 1-10 —-0.3t05.0 \Y
ST Pin Voltage Vst 8-10 —0.3 to 800 \Y/
DRV Pin Voltage Vbrv 9-10 —0.3 to Vprv +0.3 \Y/
VCC Pin Voltage Vece 11-10 35 \Y
Operating Ambient Temperature Tor — —551t0 125 °C
Storage Temperature Tste — —551t0 125 °C
Junction Temperature T, — 150 °C

2. Electrical Characteristics

Current polarities are defined as follows: current going into the I1C (sinking) is positive current (+); current coming out
of the IC (sourcing) is negative current (—). Unless otherwise specified, Ta = 25 °C.

Parameter Symbol Conditions Pin Min. Typ. Max. Unit
Startup Operation
Operation Start VVoltage Vceon) 11-10 13.8 15.1 17.3 \Y
Operation Stop Voltage® Vee(orn 11-10 8.4 9.4 10.7 \%
Circuit Current in Operation lccony 11-10 — — 4.7 mA
Startup Circuit Operation
Voltage Vston) 8-10 19 22 25 \Y
Startup Current at VCC Pin
Shortepd leesm) s Vec=0V 11-10 | —600 —-300 -100 UA
Startup Current lcesT) Vce=135V | 11-10 | -95 —6.3 -3.2 mA
Bias Assist Threshold Voltage _
in Normal Operation ® Veeeias nomy | lec = 500 pA| 11-10 9.5 11.0 12.5 \Y
Bias Assist Threshold Voltage
in Startup ® g Veeias_ Ny lcc = 500 pA| 11-10 14.5 16.0 17.5 \Y
Bias Assist Release Threshold _
Voltage in Startup @ Veeeias ouny | lec= 500 pA| 11-10 15.1 16.6 18.1 \Y

WAlways in the condition of Vecorr) < Vec@ias nomy < Veegias iny < Vecias_ou)-
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Parameter Symbol Conditions Pin Min. Typ. Max. Unit
Normal Operation
PWM Operation Frequency fosc 9-10 50 60 70 kHz
Maximum On-time tonmax) 9-10 8.0 10.0 135 S
COMP Pin Fast Chargin
Current ging Icomp(cHa) 14-10 | -100 =75 -50 UA
COMP Pin Fast Chargin
Stop Voltage ging Vcomp(cHE, STOP) 14-10 | 020 | 068 | 1.00 v
Minimum COMP Pin Control
Voltage Vcomp(MiN) 14-10 | 0.40 0.85 1.10 V
Error Amplifier Reference
Voltage (2? VISEN(TH) lcome = 0 HA 1-10 | 0.285 | 0.300 | 0.315 Vv
E Amplifier COMP Pi
g(;)ljrcemeuIrrI:r:t " Icompsource) | Vsense =0V | 14-10 | -22 —14 -6 HA
E Amplifier COMP Pi
S{;irCuTrgn't'er n lcompeinkg | Vsense =06 V| 14-10 | 6 14 22 A
VREF Pin Source Current Irer Vrer =45V 16 -10 -33 -23 -13 HA
Quasi-Resonant Operation 3
Threshold Voltage 1 VBD(TH1) 13-10 | 0.14 0.24 0.34 \%
Quasi-Resonant Operation 3
Threshold Voltage 2 VBD(TH2) 13-10 | 0.11 0.16 0.21 \%
DRV Output Characteristics
DRV Pin Output Voltage Vbrv 9-10 7.5 8.2 8.9 Vv
DRV Pin Output Impedance Rbrv(source) — — 45 — Q
DRV Pin Input Impedance Rbrv(sINk) — — 15 — Q
Protections
Overcurrent Detection
Threshold Voltage 1 Voces 13-10 | ~0.66 | ~0.60 | ~0.54 v
Overcurrent Detection
Threshold Voltage 2 Voce2 13-10 18 16 14 v
OCP Pin Source Current loce 13-10 | —120 —40 -10 HA
Leading Edge Blanking Time taw 9-10 350 700 1400 ns
OLP Threshold Voltage Vcomp(oLp) 14-10 | 4.15 4.60 5.00 \Y
ISENSE Pin Source Current lisen 1-10 -1.0 -0.5 -0.1 pA
VCC Pin OVP Threshold
Voltage Vecovr) 11-10 | 285 | 315 | 340 \Y
Thermal Characteristics
Thermal Resistance ©) 0
(Junction-to-Case) O 7 7 7 16 Cw
3. Mechanical Characteristics
Parameter Conditions Min. Typ. Max. Unit
Package Weight — 0.070 — g

@ See Figure 9-9.  Vrer Pin Voltage vs. Visen(H).

) Guaranteed by design.
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4. Block Diagram
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5. Pin Configuration Definitions

IseNsE11 () 16 [ ]VREF NuPrrI1nber Pin Name Description
NC[_|2 150 _INC 1 ISENSE | Feedback current detection
NC[]3 l4—]jcomp 2t07 (NC) No connection
NC[ |4 13[_Jocp 8 ST Startup current input
NC[5 12[INC 9 DRV Drive output
Ne—6 1 vee 10 GND Ground _
11 VCC Power supply voltage m_put f_or co_ntrol part
NC[]7 10[—JGND and overvoltage protection signal input
sTC8 9 DRV 12 (NC) No connection
13 ocp :ngrt];r?trsoi\éi;clurrent protection and quasi-
14 COMP Feedback phase compensation
15 (NC) No connection
16 VREF i[r)llpmu:mng signal input and standby signal
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6. Typical Application

Figure 6-1 and Figure 6-2 show examples of a non-isolated flyback circuit and a non-isolated buck-boost converter
circuit for quasi-resonant operation. In power supply specifications with a large surge voltage at the drain pin of the
MOSFET, it is recommended to add a CRD clamp snubber circuit (Figure 6-1) between the windings P and a C or RC
damper snubber circuit (Figure 6-1 and Figure 6-2) between the drain and source pins. When the IC operates in PWM
mode, no detection circuit for the quasi-resonant signal is required. D6, D7, R4, and C9 are not required in Figure 6-1,
and D6 and R2 are not required in Figure 6-2.
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Design Example of Non-isolated Buck-boost Converter (Quasi-resonant Operation)
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7. Physical Dimensions
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NOTES:

— Dimensions in millimeters
— Pb-free (RoHS compliant)
— When soldering the products, it is required to minimize the working time within the following limits:

Flow: 260 °C /10, 1 time
Soldering Iron: 350 °C /3.5, 1 time
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8. Marking Diagram

e LC5581AS

s [[ [T [TIIT1]

L C5581 ~— Specific Device Code

1 Lot Number:
O Y is the last digit of the year of manufacture (0 to 9)
1 M is the month of the year (1t0 9, O, N, or D)
I_I I_I I_I I_I I_I H I_I I_I D isthe period of days represented by:
1: the first 10 days of the month (1st to 10th)
2: the second 10 days of the month (11th to 20th)

3: the last 10-11 days of the month (21st to 31st)

Control Number

o LC5581LS

s [T [T

Lc5581
‘e 1+ Specific Device Code
SKYMDL |
I — Lot Number:
O Y isthe last digit of the year of manufacture (0 to 9)
M is the month of the year (1to 9, O, N, or D)
! |_| |_| |_| |_| |_| H |_| |_| D is the period of days represented by:
1: the first 10 days of the month (1st to 10th)
2: the second 10 days of the month (11th to 20th)
3: the last 10-11 days of the month (21st to 31st)
Control Number
Table 8-1. Specific Device Code
Specific Device Code Part Number
LC5581 LC5581AS
LC5581L LC5581LS
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9. Operational Description

All the characteristic values given in this section are
typical values, unless they are specified as minimum or
maximum. Current polarities are defined as follows:
current going into the IC (sinking) is positive current (+);
current coming out of the IC (sourcing) is negative current
(). This section describes various functions based on non-
isolated flybuck circuit with quasi-resonant operation
(Figure 6-1).

9.1. Startup Operation

Figure 9-1 shows the VCC pin and its peripheral circuit.
The IC has the startup circuit connected to the ST pin.
When the ST pin voltage reaches Startup Circuit
Operation Voltage, Vsrony = 22 V, the startup circuit
starts to operate. During the startup process, the constant
current, lecisty = —6.3 mA, charges C4 connected to the
VCC pin. When the VCC pin voltage increases to
Vecon) = 15.1 'V, the control circuit starts to operate. After
the control circuit starts operating, a voltage to be applied
on the VCC pin is the rectified auxiliary winding voltage,
Vb, as shown in Figure 9-1.

After the power startup sequence ends, the startup
circuit turns off automatically to eliminate the power
dissipation by itself. The winding turns of the auxiliary
winding, D, should be adjusted so that the VCC pin
voltage falls within the range defined by Equation (1), in
accordance with the power supply specifications giving
the variation range of input and output voltages. The
reference voltage across an auxiliary winding is about
20 V.

Veegiasy(max.) < Vee < Vecoyp) (min.) (1)

=12.5 (V) < Vee < 28.5 (V)

The startup time of the IC is determined by the
capacitance of C4. The approximate startup time, tsrarr,
can be calculated by Equation (2):

Veeony — Vecan
|lccesml @)

tsrart = C4 X

Where:
tstarT IS the startup time of the IC (s), and
Vcean is the initial VCC pin voltage (V).

T1
VAC

C2 p

v

D5 R1

ST

veeltt

Ul °

o ol
0 15l

VCC Pin and Peripheral Circuit

GND

Figure 9-1.

9.2. Undervoltage Lockout (UVLO)

Figure 9-2 shows the relationship of VCC pin voltage
and circuit current, Icc. When the VCC pin voltage
decreases to Vccorr = 9.4 V, the control circuit stops its
operation by the undervoltage lockout (UVLO) circuit,
and reverts to the state before startup.

Circuit Current, lcc

A
lccion)

Stop
Startup

// »

» VCC
Vec(orp) VeeoN)  pin Voltage

Figure 9-2. VCC Pin Voltage vs. Circuit Current, lcc

9.3. Bias Assist Function

The IC has the bias assist function. While the bias assist
function is actuated, a startup current is supplied from the
startup circuit. The IC has two types of bias assist
functions: at startup and normal operation.

o Startup
Figure 9-3 represents the VCC pin voltage waveform at
power-on. After the VCC pin voltage reaches

Veeony = 15.1 'V, the IC starts operating, resulting in an
increased circuit current and a decreased VVCC pin voltage.
At the same time, the auxiliary winding voltage, Vb,
increases in proportion to output voltage. These are all
balanced to produce the VCC pin voltage.

The transient surge voltage that occurs at power
MOSFET turn-off induces a voltage across the auxiliary
winding, D. When the output load at startup is light, this
induced voltage may cause the feedback control to reduce

LC5581AS/LS-DSE Rev.1.1
Dec. 15, 2022
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the power sent to the output. Along with the decrease in
output voltage, the VCC pin voltage also decreases. When
the VCC pin voltage decreases to Vccorr = 9.4 V, the
control circuit may stop, resulting in startup failure. To
prevent this, when the VCC pin voltage decreases to
Veeeias_iny = 16.0 V, the bias assist function is activated
to suppress the VCC pin voltage drop by supplying the
startup current to the VCC pin through the startup circuit.

Since the threshold Vcceias vy Of the bias assist
function at startup has a margin against Vccorr), a
capacitor with small capacitance (a ceramic capacitor of
about 4.7 pF) can be used for C4. This results in
shortening the startup time at power-on. The response time
of the overvoltage protection can also be shortened
because the VCC pin voltage rises faster at output
overvoltage. To avoid a startup failure, constants should
be selected based on the operation performance checked
with an actual board.

VCC Pin Voltage Bias assist period  Startup scceeded

A ICstartup e
Target voltage
V <>
CCRIASIN N :Increase due to

AAAAAA Va
Vecon \ rising output voltage

Vceorn

Startup failure

»

—>
Time

Figure 9-3. VCC Pin Voltage at Startup

o In Normal Operation

After startup of the IC, the VCC pin bias assist threshold
voltage switches from Vcceiasinyy = 16.0 V to
Vceeias nomy = 11.0 'V under any of the following
conditions.

— The VCC pin voltage is >Vce@ias_ou) 0f 16.6 V.
— COMP pin voltage is >0.6 V
— ISENSE pin voltage is >0.2 V.

When the VCC pin voltage decreases to Vccgias_nowm)
in normal operation, a startup current is supplied from the
startup circuit. As a result, the VCC pin voltage drop is
suppressed to regulate the VCC pin voltage.

9.4. Soft Start Function

Figure 9-4 shows the operation waveforms at startup.
The soft start function of the IC is activated at power-on.
The soft start function reduces the voltage and current
stress of the power MOSFET and the secondary rectifier
diode at power-on. The soft start operation period is the
period from when the COMP pin voltage reaches
Vcomeminy = 0.85 V' to when the output current is
controlled to be constant. During that period, the output

LC5581AS/LS-DSE Rev.1.1
Dec. 15, 2022

power gradually increases.
At power-on, it is required to check the following.

¢ The VCC pin voltage maintains over the Operation Stop
Voltage, Vcc(orr).

e The output current reaches the target value before the
overload protection (OLP) is activated.
(At this point, the COMP pin voltage is less than
VcompoLp) = 4.60 V)

After the IC starts operating, when the COMP pin
voltage reaches Vcomeeminy = 0.85 V, the IC starts a PWM
switching. The PWM oscillation frequency, fosc, is
60 kHz.

When the auxiliary winding voltage rises along with the
output voltage, the positive voltage on the OCP pin also
rises. When the OCP pin voltage reaches Vgp(rH1y = 0.24
V or more, the IC shifts to the quasi-resonant operation
(QR). Figure 9-5 shows the OCP pin voltage waveforms
on an expanded time scale when the IC shifts to quasi-
resonant operation mode from PWM operation (point A in
Figure 9-4).

Soft start period

COMP Pin |
Voltage |IC startup ///
 Vcompminy
GND >
VCC Pin4
Voltage
Veeias Ny
GND >
Constant output current control
Output Current, W
lour g
Y
GND(lour) >

PWM
Drain CurrentI operation !

Quasi-resonant operation (QR)

Ip

GND

@ Time

Figure 9-4. Operational Waveforms at Startup

Quasi-resonant

. A
OCP Pin Voltage operation (QR)

PWM operation

VBD(I'Hl, — [ —l

ono MLV VALY,

»

Drain Current,
I

NA A A

GND (Ip) Ly
Time

Figure 9-5. OCP Pin Voltage Waveforms on Expanded
Time Scale (Point A)
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9.5. Standby Function

The IC has the standby function. When the VREF pin
voltage is reduced to < 0.7 V by applying an external
voltage to the VREF pin, the IC enters standby operation,
and then stops oscillating.

When the IC recovers from standby operation, the
VREF pin voltage should be set to >1.4 V. When the
VREF pin voltage reaches >1.4 V, the IC starts oscillating
in the soft start mode.

9.6. On-time Control Operation

Figure 9-6 shows the peripheral circuit of the COMP
pin, whereas Figure 9-7 shows the on-time control. The
output is controlled to depend on the output current with
the voltage mode which controls an on-time, and average
current control.

As shown in Figure 9-7, the average current control of
the 1C compares the voltage drop of the constant current
detection resistor and the internal error amplifier reference
voltage, Visencry = 0.300 V by the OTA circuit to average
the OTA circuit output at C6 connected to the COMP pin.
The IC compares the COMP pin voltage with the internal
oscillator (OSC) output by the FB comparator to control
the on-time. The OSC is the circuit to control operations
such as the PWM frequency, the quasi-resonant oscillation,
and the maximum on-time limit.

Figure 9-8 shows the averaged input current waveform,
lincave). Since the input capacitor C2 is a low capacitance
film capacitor, the voltage across C2, Vi is a sine
waveform. When the output load becomes constant, the
COMP pin voltage becomes constant and the ON time, ton
is determined. When ton is constant, the average input
current is a sine waveform because the peak drain current
Iop is proportional to Vn. As a result, a high power factor
is achieved. The capacitance of C6 connected to the
COMP pin is approximately 1 pF. The IC controls the
constant output current according to loads as follows:

e When the output current becomes less than the
target value
When the output current decreases to less than the target
value, the ISENS pin voltage decreases, and the COMP
pin voltage increases. This results in a longer on-time and
larger output current.

e When the output current becomes greater than the
target value
When the output current exceeds the target value, the
COMP pin voltage decreases in the opposite of the
operation described above. This results in a shorter on-
time and a smaller output current.

LC5581AS/LS-DSE Rev.1.1
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9.7.  Analog Dimming Function

The IC has the analog dimming function. When using
the dimming function, apply an external voltage to the
VREF pin.

In the average current control, the IC compares the
voltage drop of the constant current detection resistor and
the internal error amplifier reference voltage Visench) in
the OTA circuit (see Figure 9-7). The relationship between
VREF pin and Visenerhy is shown in Figure 9-9, and this
characteristic is used for dimming. The applied voltage for
dimming is about 1.4 V t0 3.8 V.

Note that the IC transits to standby mode when the
VREF pin is set to < 0.7 (see Section 9.5).

If the dimming function is not used, it is not required to
apply voltages to the VREF pin.

Regardless of the use of the dimming function, connect
a ceramic capacitor C7 of about 0.01 puF to the VREF pin
for stable operation.

0.35
0.30
0.25 /
S 020
% 0.15 /
0.10 7
0.05 /
0.00 /
0 1 2 3 4 5 6
VREF Pin Voltage, Vgee (V)

VIS

Error Amplifier Reference Voltage,

Figure 9-9.  Vger Pin Voltage vs. Visen(h)

9.8. Quasi-resonant Operation and
Bottom-on Timing

Figure 9-10 shows the circuit of a flyback converter.
The flyback converter is a system that transfers the energy
stored in the transformer to the secondary side when the
primary-side power MOSFET is turned off. The MOSFET
stays in the off state even after the energy is completely
transferred to the secondary side. During the off state, the
voltage between the drain and source, Vps, oscillates
freely at the frequency based on the primary inductance,
Lp, and the capacitance between the drain and source, Cy.

The quasi-resonant operation provides VDS bottom-on
operation that the power MOSFET turns on at the lowest
voltage point of Vps free oscillation.

Figure 9-11 shows ideal waveforms during the bottom-
on operation. The bottom-on operation reduces switching
loss and switching noise. This results in a power supply
with high efficiency and low noise.

LC5581AS/LS-DSE Rev.1.1
Dec. 15, 2022

V.NT —

Figure 9-10. Basic Flyback Converter Circuit

The symbols in Figure 9-10 represent as follows:

V) is the input voltage,

Vps is the voltage between the drain and source of the
power MOSFET,

Ip is the drain current of the power MOSFET,

lorr is the current running through the secondary rectifier
diode during the power MOSFET off-period,

Cy is the voltage resonant capacitor,

Lp is the primary side inductance, and

VeLy is the flyback voltage.

Np
VeLy = Ne X (Vour + Vg)
s

Where:

Np is the primary winding,

Ns is the secondary winding,

Vour is the output voltage, and

VE is the forward voltage drop of the secondary
side rectifier diode.

FHaIf cycle of the free oscillation

tonoy = Ty Lp X Cy

tONDLY

<

Vps 0 el

Bottom point/l

N

lorr O

S
:\«T{::

Ideal Bottom-on Operation Waveforms
(Power MOSFET Turns On
at the Lowest Voltage of Vps Waveform)

Figure 9-11.

Figure 9-12 shows an OCP pin peripheral circuit, and
Figure 9-13 shows the waveform of an auxiliary winding
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voltage.

To control the bottom-on operation, the IC uses the
auxiliary winding voltage synchronized with Vps. During
the power MOSFET turn-off, the positive voltage is
supplied through the delay circuit (D6, R4, C9, and D7 in
Figure 9-12) to the OCP pin from auxiliary winding. This
input signal to the OCP pin is defined as a quasi-resonant
signal, Vegp.

The IC detects Vgp at the OCP pin and controls the
on/off signal of the power MOSFET.

When the Vsp increases to the Quasi-resonant
Operation Threshold Voltage 1 (Vepuy = 0.24 V) or
more after the power MOSFET turns off, the IC maintains
the power MOSFET in an off state. When the Vap
decreases to the Quasi-resonant Operation Threshold
Voltage 2 (Vepcrrz) = 0.16 V), the power MOSFET turns
on. When Vgp reaches VapHz), the Quasi-resonant
Operation Threshold Voltage increases to Veprhy) . In this
way, switching the threshold voltage of the quasi-resonant
signal prevents malfunctions caused by the noise added to
the OCP pin.

The delay time, tonoLy, is the period from when Vps free
oscillation starts to when the power MOSFET turns on.
The delay time, tonoLy is determined by the constant
values of the delay circuit. Therefore, the values of R3 and
R4 should be adjusted so that the power MOSFET turns
on at the bottom of the Vps waveform.

R3 and R4 should be adjusted so that the peak voltage,
Veb(ek) Of the quasi-resonant signal is 1.5 V to 2.0 V and
the effective pulse width of the quasi-resonant signal, tor
> 1.2 ps within the power supply specifications giving the
variation range of input and output voltages. Adjust the
values that take the variation of R3 and R4 into account.

tor is the time from when Vgp reaches the maximum
Veprhy Value of 0.34 V to when Vgp decreases to the
maximum Vep(rrz) Value of 0.21 V (see Figure 9-14).

Clamp snubber
"""""" /' T1
P
V|N % CZ l i
- VIN‘ VFLY%
‘e
D5 R1
PR A D
| i
A\
v Vrevl} o
Ul i T D6 !
Q1 VCC é
c3 9 R4§ Forward voltage
PHDRV Flyback voltage

ocpP

GND
10 R3 !
| Veo
|
I Roc; }
|

L 2 @
=
w
lw)
N
PPy
-
(9]
©o

Figure 9-12. OCP Pin Peripheral Circuit
Auxiliary
Winding a
Voltage,
Vol f\ A [\ A
T
0 |
2
Quasi- ton

resonant s

Signal, [
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””” r--- V.BD(TH2)
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Figure 9-13. Auxiliary Winding Voltage Waveform

Quasi-resonant ,
Slgnal, | tor !
VBD

VBp(rHy Max.

VBp(rHz) MaX.

Figure 9-14. The Effective Pulse Width of Quasi-
Resonant Signal

The following describes how to set the constants of the
delay circuit.

e Setting of R3
The recommended value for R3 is about 100 Q to 330 Q.

e Setting of C5
The recommended value for C5 is about 100 pF to 470
pF.

e Setting of R4

R4 should be set so that Vepeky > VeprHy under the
lowest VCC pin voltage condition in the ranges of the
input and output specifications.

If Roce is much smaller than R3 and Roce is not factored
into, R4 is calculated by the following equation.

_ (Vecemmny — Vepeek) — 2 X V) X R3

o o R4 (3)
Vep(pK)
Where:
LC5581AS/LS-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 13
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Ve is the minimum voltage of the VCC pin within the
power supply specification range,

Veprk) is the peak voltage of the quasi-resonant signal,
and

VE is the forward voltage drop of D6 and D7.

When VCC(MIN) =16 V, VBD(pK) =15 V, VE=0.8 V, and
R3 =220 Q, R4 = 1.89 kQ. Hence, R4 is 1.8 kQ in E12
series.

If tor is not long enough, tor should be adjusted as
follows:

— To raise Vepek), increase the R3value.

— To raise Vep(rk), reduce the R4 value.

— To increase the free oscillation period, increase the
capacitance of the voltage resonant capacitor, C3.
(The greater the C3 value, the higher the switching loss
at the power MOSFET turn-on; therefore, be sure to
check that the power MOSFET temperature ranges
within the absolute maximum rating when increasing
the C3 value.)

e Setting of C9

tonoLy, is adjusted by the value of C9. To set the ideal
bottom-on of Vps (see Figure 9-11), adjust C9 value as
follows with measuring actual waveforms under the
maximum AC input voltage and the maximum output
power. Measurement waveforms are Vps, Ip, and the OCP
pin quasi-resonant signal, Vep. A measurement point is
the maximum amplitude of Vps waveform, Vpspeak) (See
Figure 9-15).

Operation check point
Vospeawy / ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Vbs

Figure 9-15.

Operation Check Point in Setting C9

An initial constant for C9 is about 1000 pF. When the
power MOSFET turn-on at the initial constant of C9 is
earlier than the free vibration bottom point (see Figure
9-16), gradually increase the value of C9 until the power
MOSFET turn-on point matches the free vibration bottom
point.

On the other hand, when the power MOSFET turn-on at
the initial constant of C9 is later than the free vibration
bottom point (see Figure 9-17), gradually decrease the
value of C9 until the power MOSFET turn-on point
matches the free vibration bottom point.

LC5581AS/LS-DSE Rev.1.1
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Figure 9-16.  When the power MOSFET turn-on is
earlier than the free vibration bottom point
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Figure 9-17.  When the power MOSFET turn-on is later
than the free vibration bottom point
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9.8.1. BD Blanking Time

Figure 9-18 shows the normal and inappropriate
waveforms of the OCP pin voltage. An inappropriate
operation is caused by poor coupling between the primary
winding and the secondary winding of the transformer. A
transformer with Np >> Ns (e.g., low output power design)
has poor coupling.

Normal waveform (well coupled)

Vep(H1)
]
Inappropriate waveform (poorly coupled)

|

VBD(THL) ’

—

BD Blanking Time 250 ns (max.)

VBD(TH2)

™~

\ VBD(TH2)

™~

0

Figure 9-18. Voltage Waveforms of OCP Pin

Large inductance causes high surge voltage ringing at
the OCP pin through the auxiliary winding when the
power MOSFET turns off. The OCP pin has a blanking
period of 250 ns (max.). In this period, the IC does not
detect the OCP pin input signal (i.e., quasi-resonant
signal). If the period when a surge voltage is being added
to the OCP pin becomes longer than the blanking period,
the power MOSFET may switch at a high frequency
because the IC responds to the surge. As a result, when the
power dissipation in the internal power MOSFET exceeds,
and then the junction temperature increases to the absolute
maximum rating value, or more, the power MOSFET can
be damaged. When such a high frequency switching
operation occurs, the following adjustments are required:

— Connect the capacitor C5 connected to the OCP pin
close to the OCP and GND pins

— Redesign the PCB so that the trace of the OCP pin to
the GND pin is separated from large current traces.

— Redesign the transform so that the coupling of the
primary and auxiliary windings is poor.

— Adjust the value of a clamping snubber circuit.
To correctly measure any surge voltage waveform on

the OCP pin, connect a test probe as short as possible to
the OCP and GND pins.

9.9. Maximum On-time Limitation
Function

When the input voltage is low or in a transient state (e.g.,
at which the input voltage turns on or off), the IC limits
the on-time of the internal power MOSFET to the
Maximum On-time, tonmaxy = 10.0 ps. This reduces
audible noise from the transformer and stress on the
devices such as internal power MOSFET and secondary
rectifier.

Make sure that the actual on-time is < tonmax) in the
minimum AC input voltage and the maximum load. If
your application uses a transformer whose on-time is
>tonmax), the output power decreases due to the on-time
of the power MOSFET limited to tonmax) in the condition
of the minimum AC input voltage. In this case, redesign
the transformer that takes the following into account:

— Decrease the inductance of the transformer, Lp, to
increase the switching frequency and reduce the on-
time.

— Decrease the Np/Ns, which is the turn ratio of the
primary side and the secondary side to reduce the duty
cycle.

9.10. Overcurrent Protection (OCP)

9.10.1. OCP Detection Method

The overcurrent protection (OCP) turns off the power
MOSFET to limit the output power when the drain peak
current of the power MOSFET reaches the OCP threshold
voltage (pulse-by-pulse basis).

The drain current of the power MOSFET is detected by
the current detection resistor, Rocp, placed between the
OCP and GND pins, as shown in Figure 9-19. The
detection signals, VROCP, are fed through R3 to the OCP
pin.

The power MOSFET turns off when Vrocp reaches the
value obtained by Equation (4), below:

Vroce = —|Rocp X Ippoce)]

= —|Vocpl + R3 X |Igcpl 4)

Where:

Roce is the value of Roce,

Iop(ocr) IS the peak drain current during OCP operation,
Voce is the overcurrent detection threshold voltage
(-0.60 V),

R3 is the value of R3, and

loce is OCP pin source current (=40 pA).

LC5581AS/LS-DSE Rev.1.1
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Figure 9-19. OCP Circuit for Negative Side Detect

9.10.2. Leading Edge Blanking Function

For the constant current control of the output voltage,
the IC uses a peak current mode control. In the peak-
current-mode control, the overcurrent protection circuit
responds to a steep surge generated when the power
MOSFET is turned on, and then the power MOSFET may
be turned off. As a prevention against such operation, the
IC has the leading edge blanking time (tsw = 700 ns),
which starts immediately after the power MOSFET turn-
on. During tsw, the OCP is controlled not to respond to the
drain current surge at turn-on.

When the power MOSFET turns on, the width of surge
voltage on the OCP pin should be less than tgsw, as shown
in Figure 9-20. To reduce surge voltages, extreme care
should be taken for the Rocp layout (see Section 10.3).

If the turn-on timing of the MOSFET does not match
the bottom point of free oscillation of Vps, adjust tonoLy
(see Section 9.8). In addition, when a damper snubber in
Figure 9-21 is used, reduce the capacitance of damper
snubber.

tgyw OCP detection period

GND

N

Surge voltage pulse width at turning on

Figure 9-20. Voltage Waveform of OCP Pin Voltage
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DRV
QLT ™
C (CR) damper snubber
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Figure 9-21. Damper Snubber

9.10.3. Input Compensation Function

The IC has the input compensation function that
compensates the Overcurrent Detection Threshold
Voltage, Voce, according to AC input voltages. In an
application using a quasi-resonant converter with
universal input (85 VAC to 265 VAC), the peak drain
current of the power MOSFET decreases due to a higher
operation frequency caused by an increased input voltage
under a condition of constant output power. When the
overcurrent detection threshold voltage is fixed and
adjusted with the maximum load taken into consideration,
the higher the lout(oce), the higher the AC input voltage as
shown in “without OCP input compensation” in Figure
9-22.

To regulate loutoce) at the maximum AC input voltage,
add the OCP input compensation circuit (Dxi, DZx1, Rx1)
as shown in Figure 9-23. Thus, the overcurrent detection
threshold voltage is changed to limit the output power.

lout Without input
A T compensation

_____ { _ lout with appropriate
——==TT input compensation

louT

louT (target output current) N o
louT With excessive input
compensation

— loyT cannot be acquired

Output Current at OCP, IOUT(OCP) (A)

»

85v 265V AC Input Voltage (V)

Figure 9-22. AC Input Voltage vs. Output Current at
OCP (with or without OCP Input Compensation
Function)
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Flyback voltage,

View
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GND OCP |nput compensation circuit
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Ippoce) OCP input voltage

Roce| Vive
v

Figure 9-23. External OCP Input Compensation Circuit
100 V 230V
0 AC
Vzxa
Viwt
N
0 AC
N
Viwe . . . .
OCP input compensation starting point

VfV\ﬂ..:'VZX1

Figure 9-24. V1 and Vi vs. AC Input Voltages

The compensation amount of VOCP depends on values
of the input compensation current, I, Rxi, R3, and Rocp.
The input compensation current, I, is calculated by the
following equation:

~ Vi1 = Vzxa — Vexa
Ry, + R3 + Rocp ()

Where:

| is the input compensation current,

V1 is the forward voltage of the auxiliary winding, D,
and proportional to input voltage,

Vexa is the forward voltage of the rectifier diode Dx1, and
Vzx1 is the Zener voltage of the Zener diode DZx.

SANKEN ELECTRIC CO., LTD. 17
https://www.sanken-ele.co.jp/en

LC5581AS/LS-DSE Rev.1.1
Dec. 15, 2022

The Overcurrent Detection Threshold Voltage, Vroce'
applied with OCP input compensation is calculated by the
following equation:

r_ I
Vrocp = —|Rocp X Ippcocp) |

= —(|Vocpl = IR3 X Igcp| = R3 X 1) (6)

Where:

Roce is the value of Roce,

Iopocr) is the peak drain current during OCP operation
with OCP input compensation circuit,

I is the input compensation current,

R3 is the value of R3,

Vocp is the overcurrent detection threshold voltage
(-0.60 V), and

loce is the OCP pin source current (—40 pA).

As the input voltage, V), increases, the voltage drop by
the input compensation current, I, (i.e., R3 x 1) increases.
Then, the input compensation amount also increases, and
the absolute value of Vrocp' decreases.

The compensation start voltage of the OCP input
voltage is determined by the Zener voltage (Vzx1) of the
Zener diode (Dzx1). Set Vzxi to the same voltage as Vi
at the OCP input compensation starting point.

Vrocp' reduces the difference in loutoce) at the
maximum and minimum AC input voltage range so that
lout(ocp) at the maximum AC input voltage is adjusted to
the target current, loyt or higher as shown in Figure 9-22.

The OCP pin voltage, including surge voltage, must be
regulated within the rated voltages (—2.0 V to 5.0 V) under
a condition of the maximum AC input voltage.

9.10.4. Determining OCP Input
Compensation Circuit Component
Values

The calculation symbols used in this section are
represented as follows:

Vexa is the forward voltage of the rectifier diode Dxi,
Vzx1 is the Zener voltage of the Zener diode DZx;,

Voce is the overcurrent detection threshold voltage
Vocp=-0.60V, and

loce is the OCP pin source current, locp = —40 pA.

For other component numbers, such as resistors, see
Figure 9-23.

The peak drain current during OCP operation without
OCP input compensation circuit, lppocp), is calculated by
Equation (7). lopocp) is equal to the peak drain current
limited by overcurrent detection threshold voltage without
OCP input compensation in the minimum AC input
voltage condition.
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Roce X |Ippcocry| = IVocpl — R3 X [Iocpl

[Voce| — R3 X [Igcpl
= |Ippcocr)| = Rocr )

The peak drain current during OCP operation with OCP
input compensation circuit, lppocr), is calculated by
Equation (8).

Roce X |Ippcocr)’| = IVocpl = R3 X |Ipcp| — R3 X I
[Vocel — R3 X (|Igcpl + 1)

= |IDP(OCP)’| = Rocp (8)

Iopoce)' in the maximum AC input voltage should be set
to the drain current where the output current is equal to

“Ioyt with appropriate input compensation” in Figure 9-22.

From Equations (7) and (8), the input compensation
current, I, is calculated by the following equation:

Roce ©

I = (|Iopcocry| = [Iopcocey’]) % R3

The forward voltage, Vw1, at C2 peak voltage
Vinekymax in the maximum AC input voltage is expressed
as follows:

Np X Vinerymax
Vw1 = + (10)
P

Set to flow at the maximum AC input voltage, the input
compensation current, | is calculated by the following
equation.

_ Viwt = Vzx1 — Vexa

11)

Assuming R3 << Rx; and Roce << Rxi, the Rxi is
calculated as follows:

Viw1 — Vzx1 — V
RXl — fwil ZIX1 FX1 (12)

Substituting Equation (10) for Equation (12), Rxi is
calculated as follows:

9.10.5. Reference Design for OCP Input
Compensation Circuit with Universal
Input

A constant of the OCP input compensation circuit
(DZx1, Rx1) that supports universal input specifications
(85 VAC to 265 VAC) should be determined based on the
actual performance in your application as follows:

1) Tentatively, set the OCP input compensation start
voltage.
The tentatively set value of compensation start voltage,
Vincocp_sT) is about 100 VAC to 130 VAC.
In this reference design, Vinocp_st) = 120 VAC.

2) Set the circuit constants as shown in Table 9-1.

Table 9-1. Reference Circuit Constant

Parameter Symbol | Constant

85 VAC to

AC Input Voltage Vin 265 VAC

Output Power Pout 40W

Transformer Primary Winding Ne 0T

Turns

Transformer Auxiliary

Winding Turns No 6T

OCP Detection Resistor Rocp 0.2Q

OCP Pin Filter Resistance R3 220 Q

Dx: Forward Voltage Drop VEx1 0.8V

3) Inthe minimum AC input voltage (85 VAC) condition,
measure the peak drain current during OCP operation,
Iop(ocr).

4) In the maximum AC input voltage (265 VAC)
condition, measure the drain current, Ippoocey, When
the output current, loutocr), becomes the “Tout with
appropriate input compensation” in Figure 9-22.

5) Set the component constants for the OCP input voltage
compensation circuit based on the results in Table 9-1
and 3) and 4). The following shows the component
constants setting.

o Setting of Dzx1
Based on Equation (10), when Vinoce_sm) = 120 VAC,
V1 is calculated as follows:

D
Viw1 = N X VIN(PK)MAX
P

Np X Vineerymax N
R B - N (VZX1 + VFXl) (13) = N—D X VIN(OCP_ST) X \/i
X1 = I P
6T
=207 ¥ 120 VAC x V2 = 25,5V
LC5581AS/LS-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 18
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For the setting example, select 27 V for the Zener
voltage Vzxi of the Zener diode DZxs.

¢ Calculation of input compensation current, |

If the results of 3) and 4) are Ippioce) = 3.0 A and
Iopocr)' = 1.9 A, respectively, | is calculated as follows
based on Equation (9):

R
I= (I'opcocey| = [opcoce)’) lg;l’

=(.0A-19A) x -~ =1mA

e Setting of Rx:
Based on Equation (13),

Mo X Vineeromax _ (y, .\ 4 v )

Ry, =
X1 I

6 T X 265 VAC X V2
40T

—(27V+08V)
1 mA

= 28.4kQ

Thus, select Rx1 = 27 kQ of the E12 series.

6) Confirm that the output current during OCP operation,
lout(oce), is similar to “Iour with appropriate input
compensation” in Figure 9-22, in an actual operation
throughout AC input voltage ranges with the constants
setin 5). If loutoce) is Not appropriate, be sure to adjust
the constants of Dzxi and Rxi by changing the
compensation startup voltage, Vinocp_sT)-

9.11. Overload Protection (OLP)

Figure 9-25 and Figure 9-26 show the COMP pin
peripheral circuit and the waveforms during the OLP
operation, respectively. In the overload condition where
the drain peak current is limited by the overcurrent
operation, the VCC pin voltage drops along with the
output voltage drop. When the VCC pin voltage reaches
Veeeias _nomy = 11.0 V, the bias assist function is
activated to suppress a reduction in the VCC pin voltage.
In addition, the ISENSE pin voltage also decreases. When
the ISENSE pin voltage drops to the internal error
amplifier reference voltage Visencrry = 0.300 V, the OTA
circuit output inside the IC turns off. Therefore, C6
connected to the COMP pin is charged by the constant
current source inside the COMP pin. When the COMP pin

LC5581AS/LS-DSE Rev.1.1
Dec. 15, 2022

voltage reaches VcowmeoLr)= 4.60 V, the overvoltage
protection (OVP) is activated to stop the switching
operation. After the switching operations stops, when the
VCC pin voltage decreases to Vccorr) = 9.4 V, the startup
circuit is activated and the IC restarts. At this time, the IC
discharges C6 and the COMP pin voltage decreases. When
the startup circuit raises the VCC pin voltage to
Veeony =15.1 V, the IC starts operating. At the same time,
the startup circuit turns off and the VCC pin voltage
decreases. The bias assist function is activated to regulate
the VCC pin voltage at startup. When the control circuit
starts operating, C6 is charged again if the causes of the
overload condition have not been eliminated. As a result,
the COMP pin voltage increases to reach the COMP pin
control minimum voltage, Vcompminy = 0.85 V, the IC
starts oscillating again. After that, the IC operates in the
intermittent oscillation that repeats oscillation stop and
restart until the causes are eliminated.

U1l 7V Reg

LED
COMP]14 J_ L

(@]
(o)

|

|
P94

ISENSE

OTA

GND
10
©

Figure 9-25.

COMP Pin Peripheral Circuit

vcc pint
Voltage

Vecon
Veesias_Nom) N
v

Veeorn)

COMP Pina
Voltage

VcompoLp)

Vcompming

Drain Current4

i |

Figure 9-26. OLP Operational Waveforms
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9.12. Overvoltage Protection (OVP)

When the voltage between the VCC and GND pins
increases to Vecove) = 31.5V or more, the overvoltage
protection (OVP) is activated. The operation after the
OVP detection is different in the latch type (LC5581LS)
and the auto-restart type (LC5581AS).

Because the VCC pin voltage is proportional to the
output voltage, an output overvoltage event such as an
open load condition can be detected. The approximate
value of the output voltage, Vourovr), at the OVP
activation can be calculated by the following equation.

VouT(noRMAL)

Vourcove) = X315 (V) (14)

Vee(NorRMAL)

9.12.1. Latch Type (LC5581LS)

When the OVP is activated, the IC stops switching
operation in a latched state. After the switching operation
stops, the VCC pin voltage decreases. When the VCC pin
voltage decreases to Vcc@ias_nomy, the bias assist function
operates. As a result, the VCC pin voltage is kept at
Vec(orr OF more. This keeps the IC in a latched state.

To release the latched state, turn off the supply voltage
to decrease the VCC pin voltage to Vccorr) O less.

9.12.2. Auto-restart Type (LC5581AS)

When the OVP is activated, the IC stops switching
operation. During the OVP operation, the bias assist
function is disabled, and the intermittent operation by the
VCC_UVLO is repeated. When the causes of the
overvoltage condition are eliminated, the power supply IC
automatically returns to its normal operation.

VCC Pin
Voltage, 4

Vecow)
Vee@ias_ Ny

Veeon” \/
Veeorn

v

Drain Current,4
Ip

Figure 9-27. VCC_OVP Operational Waveforms

(Auto-restart Type)
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10. Design Notes

10.1. External Components

Components fit for the use condition should be used.
Figure 10-1 shows the IC peripheral circuit.

CRD Clamp Snubber cin
DL p2 L2
i T N LED
VAC o o Pe
D3y D4 b8
o— 2 c8 RS ,Cl0 vy
P r
v P vy
D9 s ARGV
o b T
DZI R7 CL2
L&.s s msé?_{ [T
O B
d cowfr— (€5
d ocr 9] |4
d Y B D5
c5 R1
[ vee[3 ¢ W
d oops l D
= ﬂ D6
Ea St oo TCA A 4 b
Cc3 HQ1
= R R4 1
o R3 D7 co
¢
C(RC) Damper Snubber
Figure 10-1. IC Peripheral Circuit

e Output Smoothing Electrolytic Capacitor

Apply proper design margin to ripple current, ripple
voltage, and temperature rise. A low-ESR capacitor is
recommended to reduce ripple voltage, in terms of
designing switch-mode power supplies.

o OCP Pin Peripheral Circuit

Rocp in is the resistor for the current detection. It is
required to use a resistor with low internal inductance
because high-frequency switching current will flow
through Roce. In addition, choose a resistor with allowable
power dissipation according to your application.

R3 and C5 to be connected to the OCP pin are for the
noise reduction filter. To minimize the effects of a
variation in the internal resistor, set R3 value to about
100 Q to 330 Q. C5 should have a capacitance of about
100 pF to 470 pF with good temperature characteristics. If
the C5 value is too large, a response time of the OCP
function may become slow. This causes the peak drain
current to be increased in transient conditions such as a
startup.

o COMP Pin Peripheral Circuit

The reference capacitance of C6 is about 0.47 uF to 2.2
uF. If the capacitance is too small, the OLP function may
be activated when the IC restarts. C6 should be adjusted
based on actual operations in your application.

e VVCC Pin and Its Peripheral Circuit
Generally, the approximate value of C4 capacitance is
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4.7 uF to 22 uF. Care must be taken in setting the value of
C4 because it affects the startup time (see Section 9.1).

In actual power supply circuits, the overvoltage
protection (OVP) may be activated due to fluctuation of
the VCC pin voltage in proportion to the output current,
lout (see Figure 10-2). This happens because the transient
surge voltage that occurs at power MOSFET turn-off
induces a voltage across the auxiliary winding, D and C4
is charged at the peak of the induced voltage. To prevent
the C4 peak charging, add R1 with a value ranging from
several ohms to several ten ohms, in series with D5 (see
Figure 10-1). The optimal value of R1 should be
determined with a transformer set for an actual application,
because the variation of the VCC pin voltage depends on
the transformer’s structural design.

VCC Pin Voltage Without R1

With R1
. Output Current,

>
lout

Figure 10-2. lout vs. VCC with or without R1

¢ Snubber Circuit
When the surge voltage of Vps is large, the circuit
should be added as follows (see Figure 10-1);

— A clamp snubber circuit of a capacitor-resistor- diode
(CRD) combination should be added on the primary
winding P.

— A damper snubber circuit of a capacitor (C) or a
resistor-capacitor (RC) combination should be added
between the darin and source pins of the power
MOSFET. When the damper snubber circuit is added,
the components should be connected close to the drain
and source pins.

¢ Transformer

Apply proper design margin to temperature rise due to
core loss and copper loss. Because the switching currents
contain high frequency currents, the skin effect may
become a consideration. For this reason, the wire diameter
of a transformer winding should be selected by taking the
RMS of the operating current into account, and the current
density should be 3 A/mm? to 4 A/mm?. If the measures to
further reductions in temperature are still necessary, the
following should be taken into account to increase the total
surface area of the wiring:

— Increase the number of wires in parallel.
— Use litz wires.
— Thicken the wire gauge.

Care must be taken in the placement of the auxiliary

|
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winding, D, when designing your transformer because the
VCC pin voltage is more susceptible to the effect of lour
in the following cases.

— When poor coupling between the primary and
secondary windings causes high surge voltage in the
conditions such as low output voltage and high output
current.

— When poor coupling between the auxiliary winding, D,
and the secondary winding causes the auxiliary winding
voltage to be susceptible to the effect of surge voltage
variation.

Figure 10-3 shows two transformer design examples for
minimizing the impact of VCC surge voltage, with
consideration given to the placement of the auxiliary
winding, D.

<Winding Structural Example (a)>

Separate the auxiliary winding, D, from the primary
windings, P1 and P2 (P1 and P2 are two separated primary
windings).

<Winding Structural Example (b)>
The structure to improve the coupling between the
secondary winding, S1, and the auxiliary winding, D

P1 and P2: Primary winding
D: Auxiliary winding for VCC
S1: Secondary winding

Bobbin

P1|S1|P2|S1|{D

Winding Structural Example (a)

Bobbin

P1(S1| D |S1|P2

Winding Structural Example (b)

Figure 10-3. Winding Structural Examples
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10.2. Transformer Design

Figure 10-4 shows an ideal waveform of a sine wave of
AC input voltage in the average current control. The
symbols in Figure 10-4 are represented as follows:

Vinrws IS the effective value (RMS) of a sine wave of
AC input voltage,

Iin is the input current,

linp is the peak input current,

Ip is the power MOSFET drain current,

Iop is the power MOSFET peak drain current,

Is is the forward current of a secondary rectifier diode,
and

Isp is the peak forward current of a secondary rectifier
diode.

f V2xV inrmis

In line

ton torr

Figure 10-4. Ideal Current Waveform
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In the average current control, the IC controls the
COMP pin voltage to be constant over the AC input
voltage, Vin, which is the sine wave of a commercial
frequency. Therefore, the envelope curve of the peak drain
current, Ipp, and the input current, I)n (i.e., average of Ipp),
becomes sinusoidal, similar to that of the AC input voltage.
The values of C6 connected to the COMP pin and the
secondary current detection resistor are adjusted so that
the COMP pin voltage remains constant.

Designing a transformer for the flyback circuit used for
the IC employs the method for designing ringing choke
converter (RCC) transformers. However, a quasi-resonant
operation includes a certain delay to a turn-on timing, so
duty cycles change. Moreover, as the input capacitor uses
no electrolytic capacitor, the applied voltage of a
transformer results in a sine wave of the AC input voltage,
V\n, at commercial frequencies.

Therefore, the duty cycle compensation for quasi-
resonant delay time is added to the basic equation of the
RCC topology; moreover, the equation must be changed
into the sine wave of the AC input voltage, V\n.

Thus, the primary-side inductance, Lp', with quasi-
resonant delay time considered and the sine-wave AC
input voltage applied is expressed as Equation (15).
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(Vinrms(miny X DON)2

Lp’ = 2
\/2 X Pour X fsminy (15)

1 + Vinrmsminy X Don X fsaminy X T/ Cy

Where:

Vinrmsving 1S the effective value (RMS) of the sine wave of the minimum AC input voltage,

Pour is the maximum output power calculated by Equation (16),

fsviny is the operation frequency at the peak voltage of the sine wave of the AC input voltage (i.e., minimum operation
frequency),

n is the efficiency, ranging from 80% to 90%,

Cv is the capacitance of the voltage resonant capacitor (C3), typically rated at between 47 pF and 470 pF, and

Don is the maximum duty cycle not compensated for the quasi-resonant delay time at the sine wave of the minimum AC
input voltage, given by Equation (17).

Pour = Vour X lour (16)

Where:
Vour is the output voltage, and
lour is the maximum output current.

_ VeLy
V2 x Vinrmsminy + VeLy

Don (17)

Where:

Vinrmsviny 1S the effective value (RMS) of the sine wave of the minimum AC input voltage, and
VeLy is the flyback voltage calculated by Equation (18).

The flyback voltage is determined by the power MOSFET breakdown voltage and the surge voltage. When the power
MOSFET breakdown voltage is 650 V for universal input specifications, the target voltage of Ve v is 100 V to 150 V.

Np
VeLy = Ns X (Vour + Vg) (18)

Where:

Np is the primary winding,

Ns is the secondary winding, and

VE is the forward voltage of the secondary rectifier diode, D10 (Ve = 0.7 V).
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The quasi-resonant delay time, tonoLy is calculated by
the following equation.

tonpLy = T/ Lp' X Cy (29)

The compensated maximum duty cycle, Don', which
includes a quasi-resonant delay time (tonpLy) is expressed
as:

Don’ = (1 — fsoumy X tonpry) X Don (20)

The RMS input current of the sine wave of the
minimum AC input voltage, linrsmvax), is defined as:

1:)OUT

IINRMS(MAX) = (21)

N X VINRMS(MIN)

The peak drain current, IpppLy), Which includes a
quasi-resonant delay time (tonoLy) is expressed as:

2v2 X Poyr

7 (22)
N X Don' X Vinrmsmin)

IppoLy) =

For proper transformer designing, the following should
be taken in to account when you choose the AL-value of
a ferrite core used in your transformer to avoid
transformer saturation: the value of NI-Limit(AT) (= Np
% IppoLy)) calculated from the primary winding, Np, and
the peak drain current, lIppLy).

To select a ferrite core that satisfies the relationship
between NI-Limit and AL-value, set a design margin for
variations such as temperature as follows. Set the
calculated NI-Limit value within the NI-Limit vs. AL-
value characteristic curve (hatched area) in Figure 10-5
where the magnetic saturation margin is about 30% lower
than the core data NI-Limit.

NI- lelt S Np X IDP(DLY) X 130% (23)
o A / Magnetic saturation point
< Reference
‘g saturation margin
= ~30%
z

Example NI-Limit
design point

»

Al-Value (nH/T?)

Figure 10-5. Example of NI-Limit vs. AL-value

Characteristics

The primary winding (Np), the secondary winding (Ns),
and the auxiliary winding (Np) are expressed as follows:

Lp’ (24)
Np = [———
AL-value

Vi +V
N = our * Vk Np (25)
VeLy
Vee (26)
Np =—XN
P Vour + Ve °

10.3. PCB Layout

The switching power supply circuit includes high
frequency and high voltage current paths that affect the
IC operation, noise interference, and power dissipation.
Current loops, which have high frequencies and high
voltages, should be as small and wide as possible, in order
to maintain a low-impedance state.

In addition, ground traces should be as wide and short
as possible so that radiated EMI levels can be reduced.

In addition, the following considerations should be
taken into account in designing pattern layouts for your
application.

Figure 10-6 is a peripheral circuit example of the IC.

(1) Main Circuit Trace Layout

This is the main trace containing switching currents,
and thus it should be as wide trace and small loop as
possible. To reduce the impedance of high-frequency
current loops, place an input capacitor, C2, close to the
transformer.

(2) Logic Ground Trace Layout

If a large current flows through a logic ground, the IC
malfunction may be caused. Therefore, connect the
control ground as close and short as possible to the Roce
pin at a single-point ground (point A in Figure 10-6) that
is separated from the power ground.

(3) Peripheral Connections to VCC Pin

Traces connected to the VCC pin should be looped
small as possible because the pin supplies power to the IC.
If the IC and the capacitor C4 are distant from each other,
connect the film capacitor Cr (about 0.1 pF to 1.0 pF)
between the VCC and GND pins with a minimal length
of traces.
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(4) Peripheral Connections to Rocp

Rocp should be placed as close as possible to the source
pin and the OCP pin.

The peripheral components of the OCP pin should be
connected to the root of Rocp With dedicated pattern.

(5) Peripheral Components of the IC

The components for control connected to the IC should
be placed as close as possible to the IC with a minimal
length of traces.

(6) Secondary Rectifier Smoothing Circuit

The switching current flows through these traces. Since
the secondary-side switching current flows through these
traces, they should be as wide and short as possible.

Lowering the impedance of this pattern can reduce the
surge voltage at the power MOSFET turn-off. Therefore,
a proper rectifier smoothing trace layout permits your
application to have an increased margin to the power
MOSFET breakdown voltage and reduced component
stress and loss in the clamp snubber circuit.

(1) Main trace should be wide and

(6) Secondary main trace should

small loop. be wide and small loop.
7 n cu VouT
X - g
C2
I C8
LED WY
p :
. ¥y
D9 7
[J R6 O
Ul D5
1 16 “ MW )
— S ISENSE VREF[— [ R1
4 - ca— b c12
= come § D6 ._/;
O ocp[} /. : Dz1
O ] Acr 1 l \
I T '
O vee[d § c6 |l cs : R4 ISENSE <—
C3 O GNDL I > (3) Power supplying
f Q1 ——sT DRV trace should be as
b, 8 :9'-| small loop as
{91: D7 possible.
- (5) The components connected to the CQ__
9 IC must be placed Close to the IC,

and connected as short as possible

ON|

Lo

L (2) Logic control traces should be connected
i‘R\OCP

close to ROCP at a single-point.
| (4)Roc should be placed close to source and OCP pins. |

(4) Connected to the root of Rocp
with dedicated pattern.

Figure 10-6. Peripheral Circuit Example around IC
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Important Notes

All data, illustrations, graphs, tables and any other information included in this document (the “Information”) as to Sanken’s products
listed herein (the “Sanken Products™) are current as of the date this document is issued. The Information is subject to any change
without notice due to improvement of the Sanken Products, etc. Please make sure to confirm with a Sanken sales representative that
the contents set forth in this document reflect the latest revisions before use.

The Sanken Products are intended for use as components of general purpose electronic equipment or apparatus (such as home
appliances, office equipment, telecommunication equipment, measuring equipment, etc.). Prior to use of the Sanken Products, please
put your signature, or affix your name and seal, on the specification documents of the Sanken Products and return them to Sanken.
When considering use of the Sanken Products for any applications that require higher reliability (such as transportation equipment
and its control systems, traffic signal control systems or equipment, disaster/crime alarm systems, various safety devices, etc.), you
must contact a Sanken sales representative to discuss the suitability of such use and put your signature, or affix your name and seal,
on the specification documents of the Sanken Products and return them to Sanken, prior to the use of the Sanken Products. The
Sanken Products are not intended for use in any applications that require extremely high reliability such as: aerospace equipment;
nuclear power control systems; and medical equipment or systems, whose failure or malfunction may result in death or serious injury
to people, i.e., medical devices in Class III or a higher class as defined by relevant laws of Japan (collectively, the “Specific
Applications™). Sanken assumes no liability or responsibility whatsoever for any and all damages and losses that may be suffered by
you, users or any third party, resulting from the use of the Sanken Products in the Specific Applications or in manner not in
compliance with the instructions set forth herein.

In the event of using the Sanken Products by either (i) combining other products or materials or both therewith or (ii) physically,
chemically or otherwise processing or treating or both the same, you must duly consider all possible risks that may result from all
such uses in advance and proceed therewith at your own responsibility.

Although Sanken is making efforts to enhance the quality and reliability of its products, it is impossible to completely avoid the
occurrence of any failure or defect or both in semiconductor products at a certain rate. You must take, at your own responsibility,
preventative measures including using a sufficient safety design and confirming safety of any equipment or systems in/for which the
Sanken Products are used, upon due consideration of a failure occurrence rate and derating, etc., in order not to cause any human
injury or death, fire accident or social harm which may result from any failure or malfunction of the Sanken Products. Please refer
to the relevant specification documents and Sanken’s official website in relation to derating.

No anti-radioactive ray design has been adopted for the Sanken Products.

The circuit constant, operation examples, circuit examples, pattern layout examples, design examples, recommended examples, all
information and evaluation results based thereon, etc., described in this document are presented for the sole purpose of reference of
use of the Sanken Products.

Sanken assumes no responsibility whatsoever for any and all damages and losses that may be suffered by you, users or any third
party, or any possible infringement of any and all property rights including intellectual property rights and any other rights of you,
users or any third party, resulting from the Information.

No information in this document can be transcribed or copied or both without Sanken’s prior written consent.

Regarding the Information, no license, express, implied or otherwise, is granted hereby under any intellectual property rights and
any other rights of Sanken.

Unless otherwise agreed in writing between Sanken and you, Sanken makes no warranty of any kind, whether express or implied,
including, without limitation, any warranty (i) as to the quality or performance of the Sanken Products (such as implied warranty of
merchantability, and implied warranty of fitness for a particular purpose or special environment), (ii) that any Sanken Product is
delivered free of claims of third parties by way of infringement or the like, (iii) that may arise from course of performance, course
of dealing or usage of trade, and (iv) as to the Information (including its accuracy, usefulness, and reliability).

In the event of using the Sanken Products, you must use the same after carefully examining all applicable environmental laws and
regulations that regulate the inclusion or use or both of any particular controlled substances, including, but not limited to, the EU
RoHS Directive, so as to be in strict compliance with such applicable laws and regulations.

You must not use the Sanken Products or the Information for the purpose of any military applications or use, including but not
limited to the development of weapons of mass destruction. In the event of exporting the Sanken Products or the Information, or
providing them for non-residents, you must comply with all applicable export control laws and regulations in each country including
the U.S. Export Administration Regulations (EAR) and the Foreign Exchange and Foreign Trade Act of Japan, and follow the
procedures required by such applicable laws and regulations.

Sanken assumes no responsibility for any troubles, which may occur during the transportation of the Sanken Products including the
falling thereof, out of Sanken’s distribution network.

Although Sanken has prepared this document with its due care to pursue the accuracy thereof, Sanken does not warrant that it is
error free and Sanken assumes no liability whatsoever for any and all damages and losses which may be suffered by you resulting
from any possible errors or omissions in connection with the Information.

Please refer to our official website in relation to general instructions and directions for using the Sanken Products, and refer to the
relevant specification documents in relation to particular precautions when using the Sanken Products.

All rights and title in and to any specific trademark or tradename belong to Sanken and such original right holder(s).

DSGN-CEZ-16003

LC5581AS/LS-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 26
Dec. 15, 2022 https://www.sanken-ele.co.jp/en
© SANKEN ELECTRIC CO.,LTD. 2022



https://www.sanken-ele.co.jp/

	Description
	Typical Application
	1. Absolute Maximum Ratings
	2. Electrical Characteristics
	3. Mechanical Characteristics
	4. Block Diagram
	5. Pin Configuration Definitions
	6. Typical Application
	7. Physical Dimensions
	8. Marking Diagram
	9. Operational Description
	9.1. Startup Operation
	9.2. Undervoltage Lockout (UVLO)
	9.3. Bias Assist Function
	9.4. Soft Start Function
	9.5. Standby Function
	9.6. On-time Control Operation
	9.7. Analog Dimming Function
	9.8. Quasi-resonant Operation and Bottom-on Timing
	9.8.1. BD Blanking Time

	9.9. Maximum On-time Limitation Function
	9.10. Overcurrent Protection (OCP)
	9.10.1. OCP Detection Method
	9.10.2. Leading Edge Blanking Function
	9.10.3. Input Compensation Function
	9.10.4. Determining OCP Input Compensation Circuit Component Values
	9.10.5. Reference Design for OCP Input Compensation Circuit with Universal Input

	9.11. Overload Protection (OLP)
	9.12. Overvoltage Protection (OVP)
	9.12.1. Latch Type (LC5581LS)
	9.12.2. Auto-restart Type (LC5581AS)


	10. Design Notes
	10.1. External Components
	10.2. Transformer Design
	10.3. PCB Layout

	Important Notes

