Application Note AN-60
LYTSwitch-0 Family

Design Guide

BEPOWER

Introduction

The LYTSwitch-0 family combines a high-voltage power MOSFET
with an ON/OFF controller into a single device. LYTSwitch-0
parts are completely self-powered from the DRAIN pin, have
frequency jitter for low EMI and are fully fault protected. Auto-
restart limits device and circuit dissipation during overload and
output short-circuit. The LYT0002 IC is the only member of the
family that does not have this feature. While over-temperature
protection shuts down switching during thermal overload. The
high thermal shutdown threshold is ideal for applications such as
LED replacement bulbs where the ambient temperature is high,
while the large hysteresis protects the PCB and surrounding
components from high temperatures.

LYTSwitch-0 is designed for non-isolated drivers in LED lighting
applications such as candelabra, GU10, A19, tubes, night lights,
and emergency exit signs. LYTSwitch-0 can be configured to
operate in all common lighting topologies giving a line or neutral
referenced output or an inverted/non-inverted output (see Table 1).

Input current is passively shaped to meet US (0.7) and EU (0.55)
power factor (PF) requirements.

Scope

This application note is for engineers designing a non-isolated
power supply using the LY TSwitch-0 family of devices. This
document describes the design procedure for a buck topology.
Complete design procedure and guide- lines are provided for the
selection of the converter’s key components.

Since the power MOSFET and controller are integrated into a
single IC, the design process is greatly simplified. The buck
configuration has few parts and a transformer is not required.

In addition to this application note, a design spread-sheet is
available within the PIXIs tool, which is part of the PI Expert™
suite design software. The designer may also find the
LYTSwitch-0 Reference Design Kits (RDK) and Design Examples
(DER) useful as examples of working power supplies. Further
details of support tools and updates to this document can be
found at www.power.com.

LYTSwitch-0 can be used in many topologies depending on the
LED string voltage as shown in Table 1. However the buck
converter is recommended whenever the LED string voltage is
suitable as this gives the lowest overall system cost.
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Figure 1. Typical LYTSwitch-0 LED Diriver using the Buck Topology.
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Topology Basic Circuit Schematic Key Features
FB BP
gl? Chk-?de + P S Cu Output referenced to input
Direct Feedback LYTSwitch-0 Reg A\ Positive output (V) with respect to -V,
Constant Current v L A Step down =V, <V,
LED Driver ™ T X Low cost direct feedback (CC output +5% typ.)
N
IS o
PI-7043-101314
A Output referenced to input
> Negative output (V) with respect to +V,

High-Side S $ A -, Step up/down -V, >V, or V, <V,
Buck-Boost — o—DLls I o AM—e ° Low-cost direct feedback (+5% typ.)
Constant + LYTSwitch-0 T_)|_T {} Fail-safe — output is not subjected to input voltage
Current LED Vi, Crs W if the internal power MOSFET fails
Driver v Ideal for driving LEDs — better accuracy and

- ",4 temperature stability than high-side buck

© ¢ 2o 101314 constant current LED dfriver

o 'ag gl D—

e
Low-Side § Output referenced to input
Boost — Positive output (V) with respect to -V,
Constant Vin = A Step up -V, >V,
Current LED LYTSwitch-0 Low-cost direct feedback (5% typ.)

. A Ideal for driving high-voltage LEDs string — good
Driver L o
accuracy and temperature stability
o
PI-7046-101314

Table 1. Common Circuit Configurations Using LY TSwitch-0 for Driving LEDs.
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Design Flow for Buck Converter

The buck converter topology results in the simplest and lowest

cost designs. Figure 2 illustrates the design flow chart showing
the complete design procedure.

1. System Requirements
Vac: Fib Vo lo

PF >0.7

PF <0.7
High Power
Factor

2b. Cpy > 5 uF

2.1. Add Blocking Yes
Diode in Series with
the Drain

No

3. Choose LYTSwitch-0
IC Based on PF and I 7

]

| 4. Select BP Capacitor |

]

| 5. Select Crg Capacitor |

l

6. Determine LP
(Set Rgg = 1)

!

Select
Inductor
Type

Ferrite/Custom Off-the-Shelf

i 6b. Set LP, to
6a. D Induct (MIN)
° eiljgnl_n ueter Standard Inductor
p L
: Value

7. Determine Rgg for
Target loaverace)

]

8. Select Output
Diode

]

9. Select Output
Capacitance

]

10. Pre-Load
(Optional)

]

No-Load
Protection

11. Select OVP
Circuit

L

Design
Complete
PI-7159-011415

Figure 2. LYTSwitch-0 Design Flowchart.
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LYTSwitch-0 Circuit Design

AN-60

To regulate the output, an ON/OFF control scheme is used as
illustrated in Table 2. As the decision to switch is made on a
cycle-by-cycle basis, the resultant power supply has extremely
good transient response and removes the need for control loop
compensation components. If feedback is not received for 50 ms,
then the supply enters auto-restart (LYT0004, LYTO005 and

LYTSwitch-0 Operation
The basic circuit configuration for a buck converter using
LYTSwitch-0 is shown in Figure 1.
LYTO006).
L
rB| |BP
o I L& °
DS l
Reference LYTSwitch-0 SR
Schematic T T = MOSFET
and Key Vin Vrg . . Enabled
Zf fi _MOSFET
- Disabled —
o ® . Cycle Skipped
PI-7154-120613
1
o ,"! i ,"!

/| i

i i i At the beginning of each cycle, the FEEDBACK (FB)

i i P i i pin is sampled.

A A A A A ‘ <A « If Iy <49 pA then next switching cycle occurs
lsly o Ifl, >49 pA (V, >1.65 V) then next switching cycle
>49uA? No No Yes No No Yes Yes No is skipped

Normal } ;
Operation ! !
1 1
! ! Low input voltage — few cycles skipped
i i/ |
h A h 4 h
[ /
! ! ! ! ! High input voltage — many cycles skipped
1 1 1 1 1
RN i/

Auto-Restart
(LYT0004 to

LYTO0006 only)

leg <49 uA, > 50 ms

= Auto-Restart

If no feedback (V,<1.65 V) for >50 ms, then output
switching is disabled for approximately 800 ms.

/M.AA/M ))
14§
800 ms
Auto-Restart = 50 ms ON / 800 ms OFF

| 50 ms |
PI-3768-083004

Table 2. LYTSwitch-0 Operation.
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will be higher. If there is a choice between two devices sizes,
either the smaller in CCM or the larger in MDCM, selecting the
larger in MDCM will give lower device temperature and higher
efficiency. Table 4 summarizes the trade-offs between the two
operating modes.

Output Voltage Range for Buck Converter

The recommended output voltage range for a buck converter is
limited by the input voltage, bus voltage characteristic (DC or
half sinusoidal waveform) and inductance.

Input Voltage V,,; Range (V) V,,; Range (V) Addit.ional differences between CCM and II\/ID.CI\/I includei better
Range (VAC) (PF >0.5) (PF <0.5) transient response for DCM and lower switching output ripple
(for same capacitor ESR) for CCM. However these differences,
90-265 or 90-132 25-70 12-120 for high PF (low C,) LYTSwitch-0 applications, are not normally
significant.
19026 2528 SIS The choice of conduction mode (CCM or MDCM) for a buck

Table 3. Buck Topology Output Voltage Range vs. Input Voltage and Desired PF.

Selecting the Conduction Operating Mode - MDCM and

CCM Operation

At the start of a design, select either mostly discontinuous

converter primarily depends on input voltage, output voltage,
output current inductance and device current limit. For high

input capacitance (low PF), the input voltage, output voltage

conduction mode (MDCM) or continuous conduction mode

(CCM). This choice effects the selection of the LYTSwitch-0
device, freewheeling diode and inductor. MDCM is recommended,
CCM can be chosen for applications that require the maximum
output current from a given device size but device dissipation

and output current are fixed parameters. The current limit of
the LYTSwitch-0 device and the power inductor (L) are the design
parameters that can be used to set the conduction mode.

For low input capacitance (high PF) CCM, cycles will appear
every half-line cycle when the rectified input voltage is low and
the device is operating with a large duty cycle. The phrase
“mostly discontinuous” is used with ON/OFF control, since a

Comparison of CCM and MDCM Operating Modes

Operating Mode MDCM CCM
| | | |
I 4 \ \ A \
| | | | | |
| | | | | |
I I I lo I I I lo
I I I o T T T e
I I I . I I \/ \
Operating : ‘ ‘ : ‘
L. I | t |
Description — : s e ‘ ‘ ‘ B ;
o o o PI-3769-121803 fon forr PI-3770-121503
Inductor current falls to zero during t.., borderline
between MDCM and CCM when t; . = 0. An Current flows continuously in the inductor for the
enabled switching cycle immediately following a entire duration of a switching cycle.
skipped cycle may be CCM.
Inductor Lower Cost Higher Cost

Lower value, smaller size.

Higher value, larger size.

Freewheeling

Lower Cost
75 ns ultrafast reverse recovery type.

Higher Cost

Diode (<35 ns for ambient temperature >70 °C). 35 ns ultrafast recovery type required.
Potentially Higher Cost Potentially Lowest Cost
. May require larger device to deliver required May allow smaller device to deliver required
LYTSwitch-0 . .
output current — depends on required output output current—depends on required output
current. Lower device temperature. current. Higher device temperature.
- Higher Efficiency Lower Efficiency
Efficiency Lower switching losses. Higher switching losses.
Overall Typically Lower Cost Typically Higher Cost

Table 4. Comparison of Mostly Discontinuous Conduction (MDCM) and Continuous Conduction (CCM) Modes of Operation.
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few switching cycles may exhibit continuous inductor current
flow, but the majority of the switching cycles will be in
discontinuous conduction mode.

Step-by-Step Design Procedure

Step 1 - Determine System Requirements VAC
VAC VAC vV I f

0,0, L

MIN?

NoMm’ MAX ’

Use Table 3 to confirm that for a given input voltage and PF, the
required output voltage can be achieved. Use the values in

Table 5 to enter VAC, ., VAC,,, and VAC,,, in the PIXIs

spreadsheet.
'“p‘ga‘r’:;':age VAC,, | VAC,, @ VAC,,
Low-Line Only 90 120 132
High-Line Only 190 230 265

Wide Range
pecomenedoic | s | w0 | aos

line regulation)

Table 5. AC Input Voltage Ranges.

Line Frequency, f: 50 or 60 Hz

Output Voltage, V,: in Volts
Output Current, |: in mA

*The converter can be designed to operate above 265 VAC
provided that the maximum voltage rating for the DRAIN pin is
not exceeded at any condition. Design above the minimum
inductance to avoid hitting the absolute maximum rating of the
DRAIN pin:

AN-60
where:
LP,:  Minimum power inductance value including tolerance
Linsony Mlnlmum power |nduotanog to avoid hitting absolute
maximum drain current rating
Vinpea Maximum instantaneous peak input voltage
ek Absolute maximum peak drain current rating from
data sheet
tongany  Minimum on-time

Step 2 - Design Input Stage

The input stage comprises fusible resistor(s), input rectification
diodes and line filter network. The fusible resistor should be
fusible, flameproof, and (depending on the differential line input
surge requirements), a wire-wound type may be required. The
fusible resistor(s) provides protection from catastrophic failure,
inrush current limiting and attenuates differential mode noise.
Input rectification should be achieved with a full-bridge to
prevent visible shimmer. Use 4 discrete diodes (if space is
available) or use a packaged full-bridge for a more compact
design. For long life, optimum line regulation and high PF
applications (passive approach; >0.7 at low-line and >0.5 at
high-line), the use of a capacitance of <1 uF is recommended.
Estimate the value for C ., (C;+C,,) In Table 6. Larger values
of C,, reduce the differential mode EMI noise of the driver.
However make C,<<<C,, so that RMS input current is
minimized. Adjust these values depending on the actual

performance of the unit.

If the application does not require a high power factor, then the
use of high input capacitance is appropriate. An electrolytic
capacitor is lower cost than film type capacitor and may also
eliminate the need for a MOV in the input to pass 2.5 kV
differential ring wave and 500 V differential line surge. Another
advantage is that the output current regulation (5% at nominal
input voltage) over the operating temperature range (-20 °C to

Viseman) +125 °C) is better. The recommended capacitance is 1 pF /W
LPyiy > Livson = mﬁifwm) for high-line only (HLO) and 2 uF / W for low-line only (LLO) or
wide-range applications.
Outpt(l‘tNI;’ower Input Voltage Outp(L\lltDVg)ltage L1 Filter =C,, =C,., zcmnom_)
2-3 Low-Line (PF >0.7) >38 'V 4.7 mH 22 nF 100 nF 122 nF
2-3 High-Line (PF >0.5) >25V 4.7 mH 22 nF 330 nF 352 nF
2-3 Wide Range >43V 4.7 mH 22 nF 100 nF 122 nF
3-5 Low-Line (PF >0.7) >36 V 2.2 mH 22 nF 220 nF 242 nF
3-5 High-Line (PF >0.5) >25V 4.7 mH 47 nF 680 nF 727 nF
3-5 Wide Range >36 V 4.7 mH 33 nF 220 nF 253 nF
5-7 Low-Line (PF >0.7) >31V 4.7 mH 47 nF 470 nF 517 nF
5-7 High-Line (PF >0.5) >25V 4.7 mH 47 nF 680 nF 727 nF
6-8 Low-Line (PF >0.7) >44 4.7 mH 47 nF 330 nF 377 nF
6-8 Wide Range >50V 4.7 mH 47 nF 330 nF 377 nF
>7 High-Line (PF >0.5) >50V 4.7 mH 47 nF 470 nF 517 nF
Table 6. Reference Table for Input Capacitance Estimation for use in the Design Spreadsheet.
BEPOWER
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Parameter Low C\\roray < 1HF High C,o7a > 5 1F
Power Factor High Low
Line Regulation Best Good (single input voltage range)
Output Current Temperature Variation Good Best
Line Surge MOV required for > 500 V MOV not required
Film Capacitor for Longer Life Yes No
EMI Good Best
Output Current Ripple High Low
Blocking Diode in Series with the DRAIN Pin Required Yes (if V, ; <40 V) No
Output Voltage Selection Range Limited (Table 6) Wider (Table 3)
Cost Low Lowest
Table 7. Input Capacitance Comparison.
Vin

)/

Drain Current

IDRAIN

I
T

Drain Current

Drain Current

Figure 3. Drain Current Waveform for Low C,, There is Always Some

Continuous Mode Operation.

Step 2.1 - Blocking Diode D (v, <40V)

BLOCK ouT

For low input capacitance, add a blocking diode in series with
the device in order to avoid reverse current during start-up and
turn-off. The diode should be > 200 V rated with at < 150 ns.

Device Blocking Diode
LYT0002-5 BAV21 or Equivalent
LYTO006 RS1D or Equivalent

Table 8. Blocking Diode Reference for Designs with V. <40 V.

Step 3 - Select LYTSwitch-0 Device Based on Output
Current and Current Limit

Decide on the operating mode — refer to Table 4.

For MDCM operation, the output current (l,) should be less than
or equal to half the value of the minimum current limit of the
chosen device from the data sheet.

Figure 4.

Sample Drain Current Waveform for High C,,

[ LIMIT_MIN > 2 X ] our

For CCM operation, the device should be chosen such that the
output current |, is more than 50%, but less than 80% of the

minimum current limit |

LIMIT_MIN*

0.5 X L sy < Lovr < 0.8 X Lz vaw

Please see the product data sheet for LY TSwitch-0 current limit

values.

Step 4 - Select the Bypass Capacitor (C

BP)

Use a minimum of 0.1 pF, 16V, ceramic-type capacitor rated

for 125 °C.

Step 5 - Select the Feedback Capacitor (C

Capacitor C_ filters the voltage across R

FB)

e Which is modulated

by the ripple current. The value of C_, should be large enough
to minimize the ripple voltage applied to the FEEDBACK pin,
especially in MDCM designs. A value of C_; is selected such

EEDOWER
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that the time constant (t) of Ry, o and C_; is greater than 20
times that of the switching period (15 ps). The peak voltage
seen by C_, is =V, (1.65 V). This also reduces the current
sensing loss for R, by providing a parallel current path. Use a
22 uF, 10 V ceramic capacitor as a starting point.

Step 6 — Determine the Minimum Inductance for the
Output Inductor

The PIXIs spreadsheet tool in the Pl Expert software design
suite is used to calculate the exact minimum inductance value
and RMS current rating. The minimum inductance is calculated
to deliver 110% of the output current at minimum input voltage at
open-loop (limit of regulation with all switching cycles enabled).
Enter R_,=1 to set the open-loop power calculation in the
spreadsheet. Then use goal-seek or manually key in the LP,
until:

I()_VACMIN = 1 . 1 X IOUT

Use this value as the minimum reference for the inductance
value. Then:

LPrp= LPyyx(1+ Lroy)

Where:
I_VAC,,: Output current at minimum AC input
voltage.
LP o Nominal inductance of power inductor.
LP o Tolerance of power inductor.

Step 7 - Select the Type of Output Inductor

Decide if a ferrite/custom or standard inductors will be used.
(Use standard inductors if the typical calculated inductance is
very close to that of the standard inductor.) Consider the case
of the end design — will it create a potential magnetic flux short-
circuit? If the enclosure is a fully enclosed metal case then it
would be better to use a shielded core type. Table 9 provides
standard inductor values. Select the next nearest (higher)
inductance and current for the output specification. Consider
the tolerance of standard drum core / “dog-bone” (I core)
inductors and the drop in inductance as the current increases.
Use a -20% tolerance to allow for worst-case conditions.

Standard Off-The-Shelf Inductor Values

680 pH 2.2mH
820 pH 2.7 mH

1mH 3.3 mH
1.2mH 3.9 mH
1.5 mH 4.7 mH
1.8 mH 5.6 mH

Table 9. Standard Inductor Values.

It is recommended that the value of inductor chosen should be
closerto LP,, than 1.5 x LP,,  due to lower DC resistance and

higher RMS rating. The lower limit of 680 pH limits the maximum
di/dt to prevent very high peak current values at 265 VAC input.

680 ,UH < LPuw < L < 1.5%XLPuwy

If size is a problem it is more appropriate to use a custom
inductor. This helps to shield and maintain the inductance
better than standard inductors.

After deciding the type of inductor, calculate the actual

minimum inductance (LP,,,). Then use this value in the PIXs.

Step 8 - Select the Feedback Sense Resistors (R

FB)

The value of R_; is selected such that the output current is
regulated and optimized over line, when the voltage on the
FEEDBACK pin reaches V, (1.65 V). This voltage is specified
for a FEEDBACK pin voltage (V) and a threshold sinking
current of 49 pA.

Using the inductance in Step 6, R, can be calculated by
goal-seek or by manually entering the closest value that will
yield the |,

(AVERAGE)"

Output line regulation is estimated at the bottom of the PIXIs
spreadsheet.

*Note: During open-loop operation (R.,=1), the output current
rises with input voltage. Observe that as R is increased there
is a point where |y, cq.e Will start to go down. Increase R,
until the target output current is reached. This avoids unwanted
triggering of auto-restart during normal operation.

Power rating of R_; is,

1.65 V?
Res

RFB —

Step 9 - Select the Freewheeling Diode

Typically for an LED lighting application, the internal ambient
temperature of the driver is 80 °C, an ultrafast diode type is
recommended (with a t,, <85 ns).

Select peak inverse voltage (PIV) with 25% margin for the
freewheeling diode:

Ve > 1.25 X Viux

The diode must be able to conduct the full load current. Thus:
Ir > 1.25 < Loyr
Step 10 - Select the Output Capacitor

There is no output capacitance limitation for this driver. It will
operate from 100 nF up to the maximum amount of capacitance
the board can accommodate. For a long life LED driver
application, the driver can employ non-electrolytic output
capacitors. To limit output capacitance, the maximum peak
current to the LEDs will be equivalent to the current limit of the
IC. For tube applications a 100 nF capacitor or a common
mode choke may be required to reduce radiated and
conducted noise due to the size of the LED string.

Rev. A01/15
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In some applications where the maximum LED current is
limited, the use of electrolytic capacitor is recommended. In
this case select the minimum capacitance with RMS current
rating of 80% of |, .. The output current ripple is inversely
proportional to the output capacitance and resistance of the
LED load. Itis recommended to finalize the design using the
actual LED load.

With low input capacitance, the output current ripple is
dominated by input line frequency. The output current ripple
has a frequency of twice the input line frequency as shown in
Figures 5 and 6 below.

For non-PF applications (high input capacitance), the output
capacitor should be chosen based on the output current ripple
requirement and is typically dominated by the ESR of the
capacitor. It can be estimated as:

ESRx = Rp X Lour rippie
IL[M
where R is the total resistance of LED load, |, rqep g IS the
maximum output ripple specification and |, is the LY TSwitch-0
current limit. The capacitor ESR value should be specified at
the switching frequency (66 kHz.)

Step 11 - Select the Pre-load Resistor (Optional)

A pre-load resistor is not necessary for LED driver applications
unless fast output decay is needed to eliminate output
persistence.

Step 12 - Select the Overvoltage Protection (Optional)

In actual operation (LED retrofit lamp), the load is always connected,
so the OVP circuit can be omitted to save cost. To protect
against output overshoot in the event of disconneted load
during testing (in manufacturing), 40 VAC can be applied to the
input; if no output current is measured then the load is not
connected. This test will allow safe, non-destructive initial
power-up of the board, without the need of an overvoltage
protection circuit.

Figure 7 shows a simple and lowest cost approach is to add a
Zener diode VR1 across the output terminals. In case of no-load,
the Zener diode will fail short-circuit and protect the output capacitor.
Zener short-circuit current will be limited by IC U1 current limit.
Note that the Zener diode will need to be replaced after the
overvoltage event.

Figure 8 shows an auto-recovery circuit once AC input is
recycled for 2s, the unit will function normally once load is
connected. Advantage is lowest no-load consumption and

- \ — / N S
v|N IN
N / AN . N yan
b N i = i A A =
JM—J\_‘“‘AJ_ == \7 \V/ v
Vour. 5 Vour. :
J—'\A\r N N N Ny \

IOUT

lour

A

MMM

vV U

Figure 5. Sample Waveform of Low Input Capacitance. Figure 6. Sample Waveform of High Input Capacitance.
OVP Protection Advantages Disadvantages
1. Cheapest and simple. 1. Non-auto recovery. Requires Zener
Zener ’ :
2. Vg, =0V at no-load; safe. replacement to make driver functional.
1. Cost.
Uy A CEIY 2. Requires AC recycle for recove
SCR Latch 2. Lowest no-load consumption. . 9 . y sovery.
) Note: Zener doide may also fail open-circuit
3. V. =0V at no-load; safe.
aurr after next AC power cycle.
1. Consumes extra power.
Constant Voltage Mode 1. Hot-plug, load can be connected anytime. | 2. Residual voltage at no-load.
3. Cost.

Table 10.  OVP Circuit Options Summary.
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R1 c3 C4
22 uF
4.7 kQ 100nF 16y
FB E.‘P T 25V e 54V, 110 mA
' L1 '_DI—I S - - .T‘I
47 mH LYTSwitch-0 EE10
LYTO006P < 2
3187 Q
T 1%
ci c2 c5 VRI !
90 - 265 RV1* == 47nF == 330 nF 47 yF 2% A\ IN4759A
VAC 275 VAC 630V 450V 63V 1 62V
. Non- |
D1 ! |Recovering |
N s MURS160T3G : OvP
. o o
*Optional Component PI-6998a-060713 RTN
Figure 7. Lowest Cost Disconnected Load Protection using a Zener Diode.
R1 J_ C4
G3  22,F
4.7 kO 1000F gV
FRLLBP Tzsv s ==, 54V, 110 mA
: —sl_Js— SR °
L1 D s 11 +
4.7 mH LYTSwitch-0 EE10
Ut L R2
LYTOO06P b3S 1870
< 1%
C1 C2 C5
== 47 nF ——= 330 nF -~ 47 uF
630V 450 V 63V
D1
MURS160T3G
o o
*Onti T ERRERt EEE LR PP EP R R F-s RTN
Optional Component 1 :
P P ! 0—|4— D2 ! PI-69980-060713
' DL4005-13-F VR '
L3 Re 1N4750A AN |
y 1000 62V :
: Q1 R5 '
' X0202NN5BA4 1 kQ '
1 Py AAA [
1 yvvy 1
L | R 100 F o
' 1kQ 2> 25V OVP Protection |
! Auto-Recovery !
! After AC Recycle
@ e e e e e mmmmmmmmmmmmemmmecmemeee-aa--1 PI-6998b-060713
Figure 8. Auto-Recovering Disconnected Load Protection using a SCR.
ELOWER
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D4 £
1N4148

VR1

1N4759A R5
62V

D2
DL4005-13-F
D3
R1 DL4005-13-F
4.7 kQ <
e el 54V, 110 ma
O
4.7 mH LYTSwitch-0
U1 L R2
LYTO006P Si1870
< 1%
C1 C2 cs5 o R6
90 - 265 RV1* = 47 nF == 330 nF 47 lF 2R < 20 kQ
VAC 275 VAC 630V 450V 63V g 12w
N D1
[e; * MURS160T3G
. o
*Optional Component PI-6998c-012214 RTN
Figure 9. Constant Voltage (CV) Mode Disconnected Load Protection.

circuit is resettable.

Figure 9 shows the configuration for constant voltage operation.
The load can be connected at time without AC recycle. A
disadvantage is that the output needs some pre-load resistance
which decreases efficiency. Pre-load can be replaced by an
appropriately rated Zener in series with a resistor to improve
efficiency.

Other Information

Optimum Output Voltage

Design the output voltage (LED string) within the optimum range
(if possible) for most cost-effective design. For low-line only
(LLO) the range is from 50 V to 70 V and for high-line only (HLO)
it is between 80 V and 120 V.

Optimum Inductance

Design with the lowest inductance possible (MDCM) to minimize
the switching losses due to the leading-edge spike from the
output diode.

Always check the voltage rating of the inductor to avoid arcing
between core and windings. Some standard inductors are
rated below 200 V. Insulation damage and arcing could be a
potential source of failure.

Audible Noise

Varnish magnetic components if audible noise occurs. Reduce
inductance to future limit audible noise. Normally a drum choke
is quiet due to controlled winding area and a more uniform
coverage of the winding area.

Thermal Environment

To ensure good thermal performance the SOURCE pin should
be kept below 100 °C. Build and test the power supply at the
maximum operating ambient temperature and ensure that there
is adequate thermal margin.

All parts should be rated above 100 °C temperature rating
when used in a lamp design.

Derate all resistors according to the maximum operating
temperature. Normally the power rating for a resistor will start
to roll-off above 70 °C.

Recommended Layout Considerations

Traces carrying high currents should be as short and as wide
as possible. These are the traces which connect the input
capacitor, LYTSwitch-0 and freewheeling diode.

Most off-the-shelf inductors are “drum-core” or “dog-bone”
type. These type of inductors are not shielded and can be a
source of differential noise coupling. Consider placing the
inductors away as far as possible from the AC inputs and EMI
filters.

Position the non-shielded EMI filter inductors away from the
bayonet/screw base (lamp application) to avoid shorting of the
magnetic flux of the inductor.
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