LYT7503-7504
LYTSwitch-7 Family

Phase-Cut Dimmable Single-Stage LED Driver IC
with Combined PFC and Constant Current Output
for Buck Topology

—QOWGI’
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Product Highlights

Smgle Stage PFC + Accurate CC Output
+3% CC regulation in single line input voltage applications
» Power factor >0.9
» High efficiency >85%
e Robust 725 V MOSFET for increased line voltage surge resistance
« Critical Conduction Mode (CrM) buck
e Low EMI
o Excellent line noise and transient rejection

Dimming Highlights

¢ Fast turn-on (<500 ms)

¢ Low pop-on

o Better than 10:1 dimming ratio
¢ Simple passive R-C damper

» Monotonic dimming profile

Design Flexibility

¢ Wide input (90 VAC — 308 VAC) and output voltage range operation
» 2 family members cover power range for optimum device selection
e Requires no inductor bias winding

» Small form factor package — SO-8

Highest Reliability
e Industry’s lowest component count dimming solution
» Comprehensive protection features with auto-restart
» Input and output overvoltage protection (OVP)
o Output short-circuit protection
* Open-loop protection
» Advanced thermal control
« Thermal foldback ensures that light continues to be delivered at
elevated temperatures
» Over-temperature shutdown provides protection during fault
conditions

Description

The LYTSwitch™-7 family is ideal for single-stage, high PF, constant
current LED dimmable applications.

The family incorporates a high-voltage MOSFET with a variable on-time
CrM controller. Extensive protection features with minimum external
components provide industry leading power density and functionality.

The CrM operation results in low turn-on losses and reduces cost of
output diode (slower reverse-recovery type can be used).

LYTSwitch-7 devices are suitable for applications from 4 W to 22 W.
See Graph 1 for selection guidance (based on typical inductance). For
more information, see Application section. LYTSwitch-7 peak current
mode operation is suitable for TRIAC applications without the need for
an active bleeder.

Figure 2. SO-8 D Package.
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Figure 3. Block Diagram.

Pin Functional Description

BYPASS (BP) Pin:
5.25 V supply rail. D Package (SO-8)

MULTIFUNCTION (M) Pin:

Mode 1: MOSFET OFF

» Detection of inductor de-magnetization (ZCD) to ensure CrM
* Output OVP sensing (120 % of V,,, nominal)

o Steady-state operation voltage rangeis 1V —-24V
Mode 2: MOSFET ON

e Line OVP

FEEDBACK (FB) Pin:
» MOSFET current sensing using external current sense resistor
 Normal operating range is V, tooV PL-7908-032216

FB(REF)
DRAIN (D) Pin:
High-voltage internal MOSFET.

SOURCE (S) Pin:
Power and signal ground.

Figure 4. Pin Configuration.
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Applications Design Example

DER-561 a Low-Line Dimmable 7.5 W, Wide Input, High Power factor
LED Bulb Driver.

4.7 mH 60V, 125 mA
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Figure 5. Schematic from DER-561 7.5 W, 60 V, 125 mA Dimmable Non-Isolated A19 LED Driver for Wide Input Range: 90 — 300 V VAC using LYT7503D in

Low-Side Buck Configuration.
Circuit Description

The circuit shown in Figure 5 is a LED driver configured as a low-side
buck utilizing the LYT7503D from the LYTSwitch-7 family of ICs. This
is a low component count (20 parts) dimmable LED driver designed to
power a 60 V LED voltage string at 125 mA output current from an
input voltage of 90 VAC to 300 VAC. Dimming performance is
optimized at low-line input (i.e. 120 VAC), while maintaining accurate
regulation for non-dimmable high-line input.

LYTSwitch-7 is a SO-8 package LED driver IC family designed for
non-isolated buck applications. The LYTSwitch-7 family provides high
efficiency, high power factor and accurate LED current regulation. It
incorporates a high-voltage 725 V power MOSFET and a control
engine to switch the MOSFET in critical conduction mode (CM) with
variable on-time and variable frequency which also helps achieve low
EMI, and low THD. The controller also integrates protection features
such as input and output overvoltage protection, thermal fold-back,
over-temperature shutdown, output short-circuit and over-current
protection. The controller also allows natural dimming with only the
addition of a damper resistor and an RC network for damping the
input current ringing when the TRIAC turns on.

Key Design Considerations

Input Stage

The input fusible resistor RF1 provides multiple-purpose function —
safety protection, current limiting against differential surge and acts
as a damping element reducing inrush-current ringing when TRIAC
dimming. Varistor RV1 acts as a voltage clamp that limits the voltage
spike on the primary during line transients and surge events. A 250
VAC rated part was selected with a maximum clamping voltage
specification of 710 VDC — lower than the device Drain voltage (725 V).
The AC input voltage is full wave rectified by BR1 to achieve good
power factor and low THD.

The rectified AC supply is filtered by the input capacitors C1 and C2.
Too much capacitance degrades power factor and THD, so the values
of the input capacitors were set to the minimum necessary to meet
EMI (with suitable margin). Inductor L1, C1 and C2 form a = (pi)

filter, which attenuates conducted differential and common mode EMI
currents. If required a 210 kQ resistor (not shown) can be added
across L1 to damp the Q-factor of the filter inductor to improve the
filtering of high frequency EMI without reducing low frequency
attenuation.

The addition of the RC damper network R2 and C3 makes the driver
compatible with TRAIC (phase-cut) dimmers. The RC damper in the
circuit may be placed before or after the bridge rectifier. In this
design, the RC damper is located after the bridge rectifier for higher
dimming range. Putting the RC damper before the bridge would load
the TRIAC dimmer and maintain full output to a lower conduction
angle but would result in reduced dimming range.

LYTSwitch-7 Controller Stage

The LED driver circuit is a low-side buck configuration operating in
critical conduction mode; the controller allows complete transfer of
the energy stored in the inductor to the load before starting the next
switch cycle. The inductor demagnetization is sensed, detecting
when the voltage across the inductor begins to collapse (towards
zero) as flywheel diode (D1) conduction ceases.

Capacitor C4 provides local decoupling for the BYPASS (BP) pin IC
and provides power to the LYTSwitch-7 controller during the MOSFET
on-time. The IC has an internal regulator that draws power from the
high-voltage DRAIN (D) pin and charges the bypass capacitor C4
during the power switch off-time. The typical BYPASS pin voltage is
5.22 V. To keep the IC operating normally (especially during the dead
time), where V,, <V, and during dimming at low conduction angles,
resistors R6 and R10 are employed to keep the bypass capacitor
charged. The value of the bypass capacitor should be large enough
to keep the bypass voltage above the V., reset value of 4.5 V.
The suggested minimum value for the bypass capacitor is 10 uF; an
X7R type is recommended if using a ceramic type capacitor.

Constant output current regulation is achieved through the FEED-
BACK (FB) pin directly sensing the DRAIN pin current during the
MOSFET on-time via external current sense resistors (RFB) R3 and
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R4. The voltage drop is compared to an internal 279 mV (typical)
reference voltage (V). The value for RFB can be calculated from
the equation:

Ris = Viswsr / kX1 ovr

Where: k = 3.6 which is the ratio of I, : I

Trimming RFB may be necessary to center I, to the nominal LED
output voltage.

The MULTIFUNCTION (M) pin detects AC line overvoltage events.
When the internal MOSFET is in on-state, the MULTIFUNCTION pin is
internally connected to the SOURCE (S) pin and can detect the
rectified input line voltage which is the voltage across the inductor,
i.e. (V, — Vour) and current flowing out of the MULTIFUNCTION pin is
set by resistor R5. The line overvoltage trigger point (V. o) iS
calculated by;

Viweove) = Liov X RS + Vour

R9 is assumed to be 402 kQ +1%.

Once the detected current exceeds the input overvoltage threshold
(I,oy = 1 mA typical), the IC will instantaneously inhibit switching and
initiate auto-restart to protect the internal MOSFET and the LED load
from voltage overstress.

The MULTIFUNCTION pin also monitors the output for overvoltage or
undervoltage events. When the internal MOSFET is in off-state, the
output voltage is sensed via divider resistors R5 and R9 across the
inductor voltage of T1. When an output open-load condition occurs,
the voltage at the MULTIFUNCTION pin will rise abruptly. When it
exceeds the V, threshold of 2.4 V (typical), the IC will inhibit
switching and initiate an auto-restart to prevent the output voltage
from rising further. The overvoltage cut-off is typically set at 120%
of the output voltage, which is equivalent to 2 V on the MULTIFUNC-
TION pin

V()UT(()VP) = V()UT X 24 V/2 V

If desired, a higher overvoltage cut-off can be selected by setting a
lower MULTIFUNCTION pin voltage target. Resistor R9 is a fixed
value of 402 kQ +1% allowing R5 to determine the output overvolt-
age limit.

A short-circuit at the output will reduce output voltage and be
detected when the MULTIFUNCTION pin voltage falls below the
undervoltage threshold (V,, = 1 V typical). The IC will inhibit
switching and initiate auto-restart limiting the average input power to
less than 1 W, preventing any component from overheating during a
short-circuit.

Resistor R5 can be calculated as follows;

R5=2VXR/(Vorr—2V)

A small capacitor C5 is needed to couple the high-side referenced
analog of the output voltage to the MULTIFUNCTION pin of the IC
via resistor divider network R5 and R9. Calculation and practical
experience shows that, a capacitance value of 100 pF provides a
good compromise between AC line rejection and flatness of the
output voltage during the off-time of the switch.

Another function of the MULTIFUNCTION pin is for zero current
detection (ZCD). Detecting this condition is necessary for operation
in critical conduction mode (CrM). Inductor demagnetization is
detected when the voltage across the inductor begins to collapse as
flywheel diode (D1) conduction ends.

Output Stage

During the MOSFET-switch off-state, free-wheeling diode D1 rectifies
and conducts the voltage across T1 and the output is filtered by C6.
An ultrafast 1 A, 600 V with 75 ns reverse recovery time (t.,) diode
was selected for efficiency and good regulation over line and across
temperature . The value of the output capacitor C6 was selected to
give peak-to-peak LED ripple current equal to 30% of the mean value.
For designs where lower ripple is required, the output capacitance
value can be increased. The ripple is dependent on both output
capacitance and the bulk resistance of the LED load; it recommended
that the actual load be used when sizing the output capacitor in order
to correctly achieve the specified ripple current.

A small output pre-load resistor R8 discharges the output capacitor
when the driver is turned off, giving a quick and smooth decay of the
LED light after turn-off. Recommended pre-load power dissipation is
<0.25 % of the output power.

LYTSwitch-7 Device Size Selection

The data sheet power curve (Figure 6) represents the practical
maximum continuous output power that can be delivered in an open
frame design with adequate heat sinking.

DER-561 is a 7.5 W 60 V driver for a dimming bulb application. Using
the power graph we can see that LYT7503D is the appropriate device
to use.
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Figure 6. Output Power Graph.

Magnetic Selection

The small output inductor uses a ferrite cored EE10 with an open
winding window that allows better convection cooling for the winding.
An off-the-shelf “dog-bone” type inductor could also be used.

To ensure proper magnetic design and accurate output current
regulation, it is recommended that the LYTSwitch-7 PIXIs spreadsheet
located at PI Expert web site (https://piexpertonline.power.com/site/
login) should be used for magnetics calculations.

EMI Considerations

Total input capacitance affects PF and THD — increasing the value will
degrade performance, so these must be minimized. The LYTSwitch-7
control engine operates in CrM mode with variable frequency and
variable on-time which provides low EMI enabling the use of only a
small pi (n) filter. It also allows simple inductor construction suitable
for the auto-winding inductor manufacturing approach used for
low-cost high volume production. The recommended location of the
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EMI filter is after the bridge rectifier as this allows the use of regular
film capacitors (as opposed to more expensive safety rated X-capaci-
tors that would be required if the filter is placed before the bridge).

Since the integrated switch MOSFET for LYTSwitch-7 is referenced to
ground, the SOURCE pin acts as an EMI shield. This allows a “dog-bone
inductor to be used in low-side configurations as shown in DER-539
(Figure 7). The Design Engineering Reference (DER) report can be
found at https://led-driver.power.com/design-support/ on the PI website.

”

Dog Bone
Inductor

N
12

Figure 7. DER-539 Dimmable 6.24 W, 52 V, 120 mA Low-Line LED Driver
using an Off-the-Shelf "Dog-Bone” Type Inductor.

Thermal and Lifetime Considerations

Lighting applications present significant thermal challenges to the
driver. In many cases the LED load dissipation determines the working
ambient temperature, so thermal evaluation should be performed
with the driver inside the final enclosure. Temperature has a direct
impact on driver and LED lifetime. For every 10 °C rise in tempera-
ture, component life is reduced by a factor of 2. Therefore, it is
important to verify and minimize the operating temperature of each
component.

PCB Layout Considerations

Shown in In Figure 8, the EMI filter components should be located
close together to improve filter effectiveness. Place the EMI filter
components C1 and L1 as far as possible from any switching nodes
on the circuit board especially the U1 drain node, output diode (D1)
and the inductor (T1).

Care should be taken in placing the critical IC components, namely
R3, R4, R5, R9, R10, C5 and C4. It is strongly recommended that
these components be placed very close to the pins of controller Ul

to minimize long traces (which act as antennae), and as far away as
possible from any high-voltage and/or high current switching nodes in
the circuit to avoid potential noise coupling that may affect system
operation.

For effective noise decoupling, the bypass supply capacitor C4 should
be placed directly across BYPASS pin and SOURCE pin of U1.

Minimizing the loop areas of the following switching circuit elements
(as shown in Figure 8) lessen the creation of EMI.

» Loop area formed by the inductor winding (T1), free-wheeling
rectifier diode (D1) and output capacitor (C6).

* Loop area formed by input capacitor (C2), controller internal
MOSFET (U1), free-wheeling rectifier diode (D1) and sense
resistors (R4, R5).

With LYTSwitch-7 in a low-side configuration potential SOURCE pins
are used for heat sinking are at ground potential. This allows the
designer to maximize the copper area for good thermal management
without increasing EML.

Quick Design Checklist

Maximum Drain Voltage
Verify that the peak Drain voltage stress (VDS) does not exceed 725 V
under any operating condition, including start-up and fault conditions.

Maximum Drain Current

Measure the peak drain current under all operation conditions
(including start-up and fault conditions). Look for inductor saturation
(usually occurs at highest operating ambient temperatures). Verify
that the peak current is less than the stated Absolute Maximum
Rating in the data sheet.

Thermal Check

At maximum output power, for both minimum and maximum line
voltage and maximum ambient temperature verify that component
temperature limits are not exceeded.

Design Tools

Up-to-date information on design tools can be found at the Power
Integrations web site: www.power.com

LYTSwitch-7 PIXIs design spreadsheet can be accessed via PI Expert
online: https://piexpertonline.power.com/site/login.
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Figure 8. Design Example DER-561 PCB Layout Showing the Critical Loop Areas and Components with LYTSwitch-7 in Low-Side Buck Configuration.
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Absolute Maximum Ratings®-3

DRAIN Pin Voltage: [N 172570 -0.3Vto725V Notes:
DRAIN Pin Peak Current: LYT7503 ...1.05 A (1.3 A)® 1. The higher peak Drain current (in parentheses) is allowed while the

LYT7504 ..oovviiiieiiiiiiiinines 21A (.6 AW Drain-Source voltage is simultaneously less than 400 V for the
BYPASS Pin VOItage ......ccvvvrrereiieeee e -0.3Vto6.0V integrated MOSFET.
MULTIFUNCTION, FEEDBACK Pin Voltage. ...-0.45V to 7.0 V@ 2. If the SOURCE pin is open circuit, -0.7 V between FEEDBACK pin
Lead Temperature ........ccccvvmimeiiiin e 260 °C and SOURCE pin is observed with no degradation in performance.
Storage TeMPErature ........ooevecvrrrrrrrrreens s s s sssneneneeeeeeens -65 to 150 °C 3. The absolute maximum ratings specified may be applied one at a
Operating Junction Temperature............oooevvvvvveeennenn. -40 to 150 °C® time without causing permanent damage to the product. Exposure

to absolute maximum ratings for extended periods of time may
affect product reliability.
4. Normally limited by internal circuitry.

Thermal Resistance

Thermal Resistance: SO-8 Package: Notes:
[ P 100 °C/W®, 80 °C/W® 1. Measured on the SOURCE pin close to plastic interface.
(01D e 30 °C/W 2. Soldered to 0.36 sq. inch (232 mm?) 2 oz. (610 g/m?) copper clad

pcb, with no external heat sink attached.
3. Soldered to 1 sq. in. (645 mm?), 2 oz, (610 g/m?) copper clad pcb.

Conditions
Parameter Symbol SOURCE =0 V Min Typ Max Units
T,=-40°Cto 125 °C
(Unless Otherwise Specified)

Control Functions
Minimum Switching
Frequency Frn 18 20 22 kHz
Maximum Switch
ON-Time Tonum 10 b
Minimum Switch
ON-Time Touem 1.012 11 1.25 us
FEEDBACK Pin T,=25°C
Reference Voltage Veswer See Note C 285 279 273 mv
Dead Zone Detect v 0.3 x v
Threshold TH(DZ) Vieen)
Maximum Constant T 6 ms
Current Zone CCMAX)
Forced Minimum T 1.2 ms
Constant Current Zone CCMIN) ’

Ly, Standby (MOSFET not switching) 180 pA
BYPASS Pin

LYT7503 785
Supply Current L. MOSFET Switching yA
LYT7504 850

BYPASS Pin ICHl VBP =0.0 V, VDS >36V -10 -4.5 mA
Charge Current I, V,, =50V,V, >36V -6 2 mA
BYPASS Pin Voltage Voo 5.075 5.22 5.35 \Y
BYPASS Pin
Shunt Voltage Vapsunm 5.2 5.39 5.55 v
BYPASS Pin Power-Up
Reset Threshold Voltage Vergesen 4.35 4.5 4.65 v
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integrations”

Rev. C 07/16 WWW.power.com


http://www.power.com

LYT7503-7504

Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Circuit Protection
di/dt = 446 mA/us LYT7503 1.06 1.15 1.24
Current Limit for I T,=25°C A
Auto-Restart LIMIT(AR) di/dt = 662 mA/
= Hs
T, = 25°C LYT7504 1.61 1.75 1.88
Fault Minimum Switch
ON-Time T vy 250 400 ns
TAR(OFF)I 100
Auto-Restart T,=25°C ms
TAR(OFF)Z 1000
Input Overvoltage —aco
Threshold Lo, T,=25°C 0.9 1.0 11 mA
MULTIFUNCTIONAL Pin
Auto-Restart Threshold Voov T,=25°C 2.3 2.4 2.48 \Y
Voltage (Output OVP)
MULTIFUNCTIONAL Pin T = 250C
Undervoltage Threshold Vo Se]:e_Note B 0.91 0.95 0.99 \Y
(Output Short)
Junction Temperature o
at Fold-Back Tes See Note B 138 145 152 C
Thermal Shutdown T See Note A 160 oC
Temperature S
Thermal Shutdown o
Hysteresis Teoem See Note A 75 C
Output
LYT7503 T, =25°C 4.5 5.2
I, =139 mA T, =100 °C 6.8 7.8
ON-State Resistance Roson) Q
LYT7504 T,=25°C 3.4 3.9
I, = 182 mA T, =100 °C 5.1 5.8
Vg =5.25V, LYT7503 55
OFF-State Leakage Lo Vps =580V A
T,=125°C LYT7504 70
Breakdown Voltage BV LYT750x 725 Vv

NOTES:
A. Guaranteed by design.

B. This parameter is derived from characterization. Not production tested.

C. All parts are individually trimmed in production to deliver the best CC accuracy.
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Typical Performance Characteristics
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SO-8 (D Package)
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Dimensions
T Notes:

1. JEDEC reference: MS-012.
1.45 (0.057) 4.00 (0.157) 5.45 (0.215) APackage outline exclusive of mold flash and metal burr.
3. Package outline inclusive of plating thickness.

v ¢ Datums A and B to be determined at datum plane H.
+  [H + 5. Controlling dimensions are in millimeters. Inch dimensions
are shown in parenthesis. Angles in degrees.
DOSA 1.27 (0.050) — = -t | |<— 0.60 (0.024)
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MSL Table
Part Number MSL Rating
LYT7503D 1
LYT7504D 1

ESD and Latch-Up Table

Test Conditions Results
Latch-up at 125 °C JESD78D > £100 mA or > 1.5 x V(max) on all pins
Human Body Model ESD ANSI/ESDA/JEDEC ]S-001-2012 > +2000 V on all pins
Machine Model ESD JESD22-A115CA > +200 V on all pins
Charged Device Model ESD JESD22-C101 > +500 V on all pins

Part Ordering Information

o LYTSwitch-7 Product Family
o Series Number

Package Identifier
D ‘ SO-8

Tape & Reel and Other Options
Blank | Standard Configuration of 100 pcs.

LYT 7504 D -TL TL Tape & Reel, 2500 pcs min/mult.
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Patent Information
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000 “/1aiipINeKTPOHUKC” “LifeElectronics” LLC

MHH 7805602321 K 780501001 P/C 40702810122510004610 ®AKb "ABCO/IOT BAHK" (3A0) 6 2.CaHkm-Ilemep6bypee K/C 30101810900000000703 EUK 044030703

KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru
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