LNK403-409EG/413-419EG JE POWER'
LinkSwitch-PH Family

LED Driver IC, Single-Stage PFC, Primary-Side Constant Current
Control and TRIAC Dimming/Non-Dimming Device Options

Product Highlights
il
Dramatically Simplifias Off-line LED Drivers T b
= LNK403-408 family is optimized for ficker-free operation in — i
TRIAC dimming applications ¥ Lot :
+ Single stage power factor corrected and accurate constant = :
current (CC) output " %§
« Eliminates optocoupler and all secondary current control i ...\.:.
circuitry - ol |v umeswnenas
« Eliminates all control loop compensation circuitry — cagme |
= Simple primary-side PWM dimming interface 1L A i}
« Unwersal input voltage rangs o s m |l v
« Enables designs that are electrolytic-free L
Accurate and Consistent Perfarmance e
« Compensates for transformer inductance tolerancas .
= Compensates for line input voltage variations Figuea 1. Typieal Appication Schematic
« Fraquency jittering greatty raduces EMI filter size and costs
Advanced Protection and Safety Features
= Auto-restart for short-circuit protection Output Power Table'?
« Open circuit fault detection mode
« Automatic thermal shutdown restart with hysteresis R, =2 M0 A, =« Mt
« Meeats high voltage creepage requirement betweaen DRAIN and i B3-132 VAC 85-308 VAC
all other signal ping both on PCB and at package Produc: Minimum | Maximum | Minimum | Maximum
Qutput Dutput Qutput Output
EcoSmart™ - Energy Efficient Power® Power* Power? Power*
» Low standoy power remote ON/OFF faature LNK403/413EG 28 W a5 W 5.5 W 12W
(<30 mW at 230 VAC) LNK404/414EG 25W 55W B.5 W 15 W
. I\llo rc:ur;.arﬂ sanse ret:it*:;tors _a :;xirn:ﬁz_es le‘lﬁciency LNK405/415EG aBW 7.0W a5 W 1aw
* High eficiency operalion, >Bave achievanie LNK40G/416EG | 25W BOW 10w 22 W
Green Package LMNK407/41TEG 5.5W 10w 12W 25'W
« Halogen free and ROHS compliant package LMNKADB/41BEG BB W 13.5W 16 'W 35 W
Ap-plicatiuns LNK403/412EG 2.0W 20W 18 W 50'W
= Off-line LED driver Tabies 7. Ouiput Fowsar Tabl
Nat
Des:riptiu-n 1 I.E":'.'f\'ur.;.u powvear i an opan frame with adequels feal snking al device ocal

armbant of 73 "G,
. : Lz 2. Powvar ievel calculsted on typoa LED stnng volfage with afciancy »80%
The LinkSwilch-PH dramatically simplifies implemeantation of LED 3. Miimiam ouput power wxc T A !

3 b
drivers requiring PF 0.9, TRIAG dimmer capability (LNK403-400) & Maxmum output powsr with C,. = 100 g LNK4xSEG Gy, = 10 4F
. . ! & Package: e5IP-70.
and high efficiency. The single-stage PF and constant current
controller eliminates passive circuitry required for power factor
carrection and electrolytic bulk capacitor. The advanced primary-
side control technigues used by the LinkSwitch-PH device pravide
accurate canstant current cantrol while eliminating the need for an
optocoupler and secondary-side current cantrol circuitry.,

LinkSwitch-PH incorporates a 725 W power MOSFET, a
continucus-moda PWM controller, a high voltage switched
current source for self biasing, frequency jittering, cycle-by-cycle
current limit and hwystaretic thermal shutdown circuiiry, allin a
manalithic 1C.
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Figure 2. Functona! Block Diagram.

Pin Functional Description

DRAIN (D) Pin:

This pin ia the power MOSFET drain connection. It also
provides internal aperating current for both start-up and
steady-state operation

SOURCE (8) Pin:

Thiz pin is the power MOSFET source connection, |t is also the
ground reference for the BYPASS, FEEDBACK, REFERENCE and
WVOLTAGE MONITOR pins.

BYPASS (BP) Pin:

This is the: connection point for an axternal bypass capacitor for
the internally generated 5.9 V supply. This pin also provides
autput power selection through choice of the BYPASS pin
capacitor valug.

FEEDBACK (FB) Pin:

The FEEDBACK pin is used tor output voltage feedback. The
current into the FEEDBACK pin is directly proportional to the

output voltage, The FEEDBACK pin also includes circuitry 1o
protect against open load and overload output conditions.

REFERENCE (R} Pin:
This pin is connected to an external precision resistor and is
used to configure for dimming (LNKE403-409) and non-TRIAC
dimming (LNK413-418} modes of operaticn.

VOLTAGE MONITOR (V) Pin:

This pin interfaces with an extermal input line peak detector,
consisting of a rectifier, filker capacitor and resistors, The
applied current is used to control stop logic for line under-
voltage (UV), overvoltage (OV), provide feed-forward to contral
the output current and the remote ONOFF function.

E Package (e5IP-7C)
(Top View)
Exposed Pad
(backside) Internal I1r,.‘_
Connected to
SOURCE Pin (see
eSIP-TC Package
Drawing)
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Functional Description

A LinkSwitch-PH device monalithically integrates a controller and
high-voltage power MOSFET into one package. The controller
implaments both high paower factor and a constant current
output in a single stage. The LinkSwitch-PH controller consists
ot an cacillator, feedback =anse and logic) circuit. 5.8V requlator

the line undervoliage and overvoltage thresholds of the
VOLTAGE MONITOR pin, For non-dimming or PWHM dimming
applications with LMNK413-419, the external resistor should be a
24.8 ke 1%, for high fine and universal input voltage designs.
and 49.9 kQ +1% for low line input voltage designs. For phase
angle AC dimming with LMK403-409, the external resistor
chaiild ha 3 A9 90 kO 1% Tna nercant racictars are
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Functional Description

A LinkSwitch-PH device manalithically integrates a contraller and
high-voltage power MOSFET info one package. The controllar
implements both high power factor and a constant current
cutput in a single stage. The LinkSwitch-PH contraller consists
of an oscillator, feedback (sense and logic) circuit, 5.9 V regulator,
hysteretic over-termperature protection, frequency jittering,
cycle-by-cycle current limit, auto-restart, inductance corraction,
power factor and constant current control.

FEEDBACK Pin Current Control Characteristics
The figura shown below ilustrates the cperating boundaries of
the FEEDBACK pin current. Above | switching is disabled

and below |, .., the device enters into autc-restart,
lemeskie Skip-Cycle
[P CC Control
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Fgired.  FEEDBACK Pin Currenl Charactenzig:

The FEEDBACK pin current is alse used to clamp the maximum
duty cycle 1o imit the available cutput power for overload and
open-loop conditions.  This duty cycle reduction characteristic
also promotes a monotonic cutput current start-up
characteristic 1o prevent over-shool.

REFERENGCE Pin

The REFERENGE pin is tied to ground (SOURCE) via an
external resistor, The value selected seta the internal
refarencas, determining the operating mode for dimming
(LNK403-409) and non-dimming (LNK413-419) operation and

the ling undervaltage and overvoltage thresholds of the
VOLTAGE MONITCR pin. For non-dimming or PYW dimming
applications with LNK413-419, the external resistar should be a
24.9 kQ 1%, for high line and universal input voltage designs,
and 49.9 k& +1% for low line input voltage designs. For phase
angla AC dimming with LNK403-409, the external resistor
should be a 49.9 ki 41%, One percent resistors are
recommended as the resistor talerance directly affects the
output tolerance,

BYPASS Pin Capacitor Power Gain Selection

LinkSwilch-PH devices have the capability o tailor the internal
gain to either full or a reduced output power setting. This allows
selection of & larger device to minimize dissipation for both
thermal and efficiency reasons. The power gain is selected with
the value of the BYPASS pin capacitor. The full power setting is
selectad with a 100 uF capacitor and the reduced power setting
{for higher efficiency) is selected with a 10 pF capacitor. The
BYPASS pin capacitor sets both the internal power gain as well
as the over-current profection [OCP) threshold. Unlike the
larger devices, the LNK4x3 power gain is not programmable.
Use a 10 puF capacitor for the LNK4x3,

Switching Frequency

The switching frequency is 66 kHz. To further reduce the EMI
level, the switching frequency is fitterad (fraguency modulated)
by approximately +1 kHz.

Soft-Start

The controller includes a soft-start timing feature which inhibits
the auto-restart protection feature for the soft-start period t._)
to distinguish start-up into a fault (short-circuit) from a large
output capacitor. At start-up the LinkSwitch-PH clamps the
maximum duty cycle to reduce the output power. The total
soft-start pariod is t ...

Remote ON/OFF and Eco-Smart

The VOLTAGE MONITOR pin has a 1 V thresheld comparator
connected at its input. This voltage threshold is usad for
remote ON/OFF control. When a signal is received at the
VOLTAGE MONITCR pin to disable the cutput (WOLTAGE
MONITOR pin tied to ground through an optocoupler photo-
transistor) the LinkSwitch-PH will complete its current switching
cycle before the internal power MOSFET is forced off,

The remaote OMN/OFF feature can also be used as an eco-maode
or power switch to turn oft the LinkSwitch-PH and keep it ina
very low power consumption state for indefinite lang periods.
When the LinkSwitch-PH is remotely turmed on after entering
this mode, it will initiate a normal start-up saquence with
soft-start the next time the BYPASS pin reaches 59V, Inthe
worst case, the delay from remote on to start-up can be equal
to the full discharge/charge cycle time of the BYPASS pin. This
reduced consumption remote off mode can eliminate expensive
and unreliable in-line mechanical switches.
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Over-Current Protection

The current limit circuit senses the curent in the power MOSFET.
When this current exceeds the internal threshold (.}, the powar
MOSFET is turned off for the remainder of that cycle. A leading
edge blanking circuit inhibits the current limit comparator for a
shart time (t ) after the power MOSFET is tumed on. This
leacdima eadne Blarkina fme bas heen et on that corrart eriboms
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Figure 5. Remata OWAOFF VOLTAGE MONITOR pin Conirg!

5.9 V Regulator/Shunt Voltage Clamp

The internal 5.9 V regulator charges the bypass capacitor
connected ta the BYPASS pin ta 5.9V by drawing a currertt
from the voltage on the DRAIN pin whenever the powear
MOSFET is off. The BYPASS pin is the internal supply valtage
node. When the power MOSFET is on, the device operates
from the energy stared in the bypass capacitor, Extremely low
power consumption of the imternal circuitry allows LinkSwitch-PH
1o operate continuously fram current it takes from the DRAIN
pin, A bypass capacitor value of 10 or 100 pF is sufficlent for
Both high frequency decoupling and energy storage. In
additicn, there is a 6.4 V shunt regulator clamping the BYPASS
pin at 8.4 W when current is provided to the BY PASS pin
through an external resistor. This facilitates powering of
LinkSwitch-PH externally through a bias winding to increase
aperating efficiency. It is recommended that tha BYPASS pin is
supplied currant from the bias winding for normal operation.

Auto-Restart
In the event of an open-loop fault fopen FEEDBACK pin resistor
or broken path to feedback winding), cutput short-circuits or an
averioad condition the controller entars inta the auto-restart
mode, The contraller annunciates baoth shori-circuit and
open-loop conditions once the FEEDBACK pin current falls
below the I Threshaold after the soft-start period. To
minimize the power dissipation under this fault condition the
shutdown/auto-restart circuit turms the power supply on (same
as the soft-start penod) and off at an auto-restart duty cycla of
typically DCN—. for as long as the fault condition persists. If the
fault is removed during the auto-restart off-time, tha power
supply will remain in awuto-restart until the full off-time count is
completed. Special consideration must be made to appropriately
size the output capacitor 1o ensure that after the soft-start
period (i) the FEEDBACK pin current is abova the |, .
threshald to ensure successful power-supply start-up.

After the soft-start time period, auto-restart is activated only
when the FEEDEACK pin current falls below |

FRIAR)

Over-Current Protection

The current limit circuit senses the curment in the power MOSFET.
When this current exceeds the internal threshold (1, ), the power
MOSFET Is turned off for the remainder of that cycle. A leading
edge blanking circuit inhibits the currant limit comparatar for a
ghort time (t _ ) after the power MOSFET is tumed on. This
lpading edgé bianking time has been set so that current spikes
caused by capacitance and rectifier reverse recovery will not
cause premature termination of the power MOSFET conduction,

Line Under/Overvoliage Protection

This device includes both line under- and overvoltage detection
to limit the minimum start-up and maximum operating vottage
detected through the VOLTAGE MONITOR pin. An external paak
detector consisting of a diode and capacitor are required to
provide input fine peak voltage to the VOLTAGE MONITOR pin
through & resistor. Af power up, |, keeps the LinkSwitch-PH
off until the input iine voltage reaches the undervoitage threshold.
At power down, I-.N- prevents restart attempts after the cutput
goes out of regulation.

The same resistor used for UV also sets line overvoltage (OV)
shutdown threshold which, once exceeded, forces the
LinkSwitch-PH to stop switching (after completion of the current
switching cyclel. Once the ling voltage returns to normal, the:
device resumes normal operation. A small amount of hysteresis
is pravided an the OV thrashold to prevent naisa triggering.
When the power MOSFET is off, the rectified DC high voltage
surge capability is increased to the voltage rating of the power
MOSFET (725 V), due to the absence of the reflected voltage
and leakage spilkes on the drain,

Hysteretic Thermal Shutdown

The thermal shutdown circuitry senses the contraller die
temparature. The thrasheld is set at 142 °C typical with a 75 °C
hysterasis. When the die temperature rises above this threshold
(142 “C) the power MOSFET is disabled and remains disabled
until the die temperature falls by 75 °C, at which point the power
MOSFET is re-enablad.

Safe Operating Area (SOA) Protection

The device also features a safe operating area (204) protection
mode which disables MOSFET switching for 40 cycles in the
evant the peak switch current reaches the ILIMIT threshold and
the switch on-time is less than t,,....  This protection mode
protects the device under short-circuited LED conditions and at
start-up during the soft-start period when auto-restart protection
is inhibited, The SOA protection moda ramains active in normal

oparation,
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Application Example

14 W TRIAC Dimmable High Power Factor LED Driver
Design Example

The circuit schematic in Figure 6 shows a TRIAC dimmable high
nower-factor LED driver ba=ed an LNK4OBES from the

LNK403-409EG/413-419EG
Input Stage

Fuse F1 provides protection from component failures while RV
provides a clamp during differantial line surges, keeping the
peak. drain voltage of U1 belaw the 725 V rating of the internal
powar MOSFET. Bridge rectifier BR1 rectifies the AC line
voltage. EMI filtering is pravided by L1-L3, C1, R18 and R17
tnmathar with the =afetu rated % ~lase ~ranacitor 71 that Brdoes




Application Example

14 W TRIAC Dimmable High Power Factor LED Driver
Design Example

The circuit schematic in Figure 6 shows a TRIAC dimmable high
powar-factor LED driver based on LNKAGBES from the
LinkSwitch-PH family of devices. It was optimized to drive an
LED string at a voltage of 28V with a constant current of 0.5 A
(+5%) ideal for PAR lamp retro-fit applications. The design
operates over a univerzal input voltage range of 90 VAC 1o

285 VAC but provides the specified output current tolerance
over a line voltage range of 20 VAC to 132 VAC (this is configurable
far high line only applications by simple compaonent value changes).

The key goals of this design were compatibility with standard
leading edge TRIAC AC dimmers, very wide dimming range
(10007, 500 mAD.5 mA), high efficiency {=85%) and high power
factor (=0.9). The design iz fully protected from faults such as
na-load, overload and output short-circuit conditions and over
termperature.

Circuit Description

The LinkSwitch-PH device (1) integrates the power MOSFET,
cantroller and start-up functions into a single package reducing
the companent count versus typical implementations. Gonfigured
as part of an isolated continuous conduction mode flyback
converter, U1 provides high power factor via its internal control
algorithm togethar with the small input capacitance of the
design. Continuous conduction mode operation results in
raduced primary peak and BMS current. This both reduces
EMI noise, allowing simpler, smaller EMI fitering components and
improves efficiency. Output current regulation is maintained
withoul the need for secondary side sensing which eliminates
curmant sense resistors and improves efficiency,

LNK403-409EG/413-419EG
Input Stage

Fuse F1 provides protection from component failures while RV
provides a clamp during ditferential line surges, keeping the
peak drain voltage of U1 below the 725V rating of the internal
powar MOSFET. Bridge ractiier BR1 rectifies the AC line
voltage. EMI filtering is provided by L1-L3, C1, R16 and R17
together with the safety rated ¥ class capacitor (C7) that bridges
the safety isclation barrier befween primary and secondary.
Resistor R16 and R17 act to damp any rescnances formed
between L1, L2, G1 and the AC line impedance. A small bulk
capacitor (C2) is required to provide a low impedance source for
the primary switching current.  The maximum value of C1 and
C2 is lirnited in order to maintain a power factor of greater than 0.9.

LinkSwitch-PH Primary

To provide peak line voltage information to U1 the incoming
rectified AC peak charges O3 via D2. This is then fed into the
VOLTAGE MONITOR pin of U1 as a current via B2 and R3. This
sensed current is also usad by the device to set the line input
overvoltage and undervoltage protection thresholds, Resistor
A1 provides a discharge path for C3 with a time constant much
longar than that of the rectified AC to prevent generation of line
frequency ripple.

The VOLTAGE MOMITOR pin current and the FEEDBACK pin
currert are used internally 1o contrel the average output LED
current. For TRIAC phase-dimiming applications a 49.9 kL2
resistor (R4) Iz used on the REFERENCE pin and 4 ML (R2+R3)
an the VOLTAGE MONITOR pin to provide a linear relationship
petween input voltage and the output current and maximizing
the dimming range, Resistor R4 alsc sets the internal line input
undervoltage and overvoltage protection thresholds.
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Diode 03 and VR1 clamp the drain valtage to a safe level due to
the effects of leakage inductance. Diode D4 is necessary to
prevent reverse current from fiowing through U1 for the period
of the rectified AC input voltage that the voltage across G2 falls
to below the reflected cutput voltage (Vo)

Minda 6 &5 BY and RE8 create the orimarg biae 20mabe from

40% of the mean value, For designs where lower ripple |s
desirable the output capacitance value can be increased. A
small pre-load is provided by B15 which limits the output
voltage under no-load conditions.

TRIAGC Phase Dimming Control Gompatibility
The requirement to provide cutput dimming with low cost,
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Diode D3 and YR1 clamp the drain voltage to a safe level due to
the effects of leakage inductanca. Diode D4 is necessary to
prevent reverse current from fiowing through U1 for the period
of the rectified AC input voltage that the valtage across C2 falls
to below the reflacted cutput voltage (V).

Diode DG, C5, RY and RE create the primary bias supply from
an auxiiary winding on the transformer. Gapacitor G4 provides
local decoupling for the BYPASS pin of U1 which is the supply
pin for the internal controller. During start-up G4 is charged 1o
~8 W from an internal high-voltage current source tied to the
device DRAIN pin, This allows tha part to start switching at
which point the operating supply current is providad from the
bias supply via R5. Capacitor C4 also selects tha output power
maode (10 pF for reduced power was selected to reduce
dissipaticn in L1 and increasa etficiency).

Feedback

The bias winding vaoltage is propartional to the cutput voltage
[zt by the turms rafio between the hias and secondary
windings). This allows the output voltage to be monitored
without secondary side feedback components, Resistor RE
converts the bias voltags into a current which is fed into the
FEEDBACK pin of 1. The internal engine within U1 combines
the FEEDBACK pin current, VOLTAGE MONITOR pin current
and dram currant information to provide a constant output
current aver a 1.5:1 cutput valtage vanation (LED string voltage
variation of £25%) at a fixed line input voltage.

To limit the output voltage at no-load an autput overvoltage
protection circuit Is set by 07, 12, R20, ¥R3, G13, Q3 and R19.
Shauld the autput load be disconnected than the bias voltage
will Increase until VA3 conducts, turning on Q3 and reducing
the current into the FEEDBACK, pin. When this current drops
below 20 pA the part enters auto-restart and switching is
disabled for 1500 ms aliowing time for the cutput and bias
voltages 1o fall.

Output Rectification

The transformer secondary winding is rectified by D8 and
filtered by G& and C10, A Schottky barrier dicde was selected
for efficiency and the combined value of GE and G110 wera
selected fo give peak-to-peak and LED ripple current equal to

40% of the mean valua, For designs where lower ripple is
desirable the output capacitance value can be increased. A
small pre-load is provided by R15 which limits the output
voltage under no-load conditions.

TRIAC Phase Dimming Control Compatibility

The requirement to provide ocutput dimming with low cost,
TRIAC-based, leading edge phase dimmers introduces a
number of trade-otfs in the design.

Due to the much lower power consumed by LED based lighting
the current drawn by the overall lamp is belaw the halding
currant of the TRIAC within the dimmer, This can cause
undesiratle behawiors such as limitad dimming range and/or
flickering as the TRIAC firas inconsistently. The relatively large
impedance the LED lamp prasants to the line allows significant
ringing to ocour dug to the inrush current charging the input
capacitance when the TRIAC turns an. This too can cause
similar undesirable behavior as the ringing may causa the
TRIAC current to fall to zerc and turn off,

To overcome these issues two circuits, the Active Damper and
Passive Bleeder, are incorporated. The drawback of these
circuits is increased dissipation and therefore reduced efficiency
of the supply. For non-dimming applications these companents
can simply be omitted.

The Active Damper consists of components RS, R10, R11, R12,
D1, @1, C8, VR2, Q2 in conjunction with B13. This circuit limits
the inrush current that flows ta charge C2 when the TRIAC
turns on by placing R13 in series tor the first 1 ms of the TRIAG
conduction. After approximately 1 ms, Q2 turns on and shorts
R13. This keeps the power dissipation on B13 low and allows a
larger value during current limiting. Resistor R9, R10, R11 and
CA provide the 1 ms delay after the TRIAC conducts. Transistor
31 discharges C6 when the TRIAC is not conducting and WR2
clamps the gate voltage of Q2 ta 15 W,

The Passive Blesder clrcult is comprised of C11 and R18. This
helps to keep the input current above the TRIAC holding current
whila the input current corresponding to the effective driver
resistance increases during each AC half cycle.

6
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7 W High Power Factor Non-Dimmable LED Driver
Design Example with Enhanced Line Regulation

The circuit schematlc in Figure 7 shows a high power-factor
LED driver based on a LNKA13EG from the LinkSwiich-PH
family of devicas. It was optimized 1o drive an LED string at a
wrltaas oF 91 Woawith 3 canefard corrent oF 0322 A idpal for

pin provides excellent line regulation over the entire 80 VATC 10
265 VAC input range,

The VOLTAGE MONITOR pin current is also used by the device
to sef the line input overvoltage and undervoltage protection
threshalds,



LNK403-409EG/413-419EG

7 W High Power Factor Non-Dimmable LED Driver
Design Example with Enhanced Line Regulation

The circuit schematic in Figure 7 shows a high power-factor
LED driver basad on a LNKA12EG from the LinkSwitch-PH
family of devices. It was optimized to drive an LED string at a
voltaga of 21 V with a constant current of 0.33 A, ideal for
PARZ20/PARZ0 lamp retro-Tit applications. The design operates
over the univarsal input voltage range of 90 VAC to 265 VAC
and is a non-dimming application. A non-dimming application
has tighter output current variation with changes in the line
voltage than a dimming application. it's key to note that, although
nat specified for dimming, no circuit damage will result if the
and user does operate the design with a phase controlled
dimmer.

Circuit Description

Input Stage

Fuse F1 provides protection from componant failures while BV
provides a clamp during differertlial line surges, keeping the
peak drain voltage of U1 below the 725 Y rating of the internal
power MOSFET, Bridge rectifier BR1 rectifies the AC ling
voltaga. EM filtering is provided by L1-L2, G2 together with the
safety rated ¥ class capacitor (C7) that bridges the safety
isolation barrier between primary and secondary. Resistor R2
and R3 act to damp any resonances formed between L1, L2,
G2 and the AC line impedance. A small bulk capacitor (C3) is
réquired to provide a low impedance source for the primary
switching current. The maximum value of G2 and C3 is limifed
in arder to maintain a power factor of greater than 0.9,

LinkSwitch-PH Primary

To provide peak line voltage informaticn to U7 the incoming
ractified AC peak charges G8 via DG, This is then fed inta tha
VOLTAGE MONITOR pin of LR as a current via R4, R7 and R&.
The VOLTAGE MONITOR pin current and the FEEDBACK pin
current are Lsed internally to control the average output LED
current.  The combinad value of R4, BY and B8 (3.909 MGQ)
and Bi1, R12 (1.402 ML) connected to the VOLTAGE MONITOR

pin provides excellent line requlation over the entire 80 VAGC to
265 VAC input range.

The VOLTAGE MONITOR pin current is also used by the device
to set the line input overvoltage and undervoltage protection
threshaolds.

Diode D1 and VR1 clamp the drain veltage to a safe level due to
the effects of leakage inductance. A Zener clamp was selected
for lowest component count and highest efficiency. Diode D5 is
necessary to prevent reverse current from fiowing through L1
during the period whan the AC input voltage s lower than the
reflected output valtage (V). A space efficiert RME core was
selected for this design. The BM core gecmetry helps
minimizes audiple nolse but requires the use of flying leads to
mest satety spacing requirements

Dicde D3, C6, RS, RS and R18 create the primary bias supply
from an auxiliary winding on the transformer. Resistor RS
provides filtering of leakage inductance generated voltage
spikes to improve tracking of the bias and output voltages. It
also forms a pole with C6 at 100 Hz, Resistors RS and R18
act as a small lcad to ensure that the bias voltage collapses
during output short-circuit when U1 enters auto-restart
operation to protect the supply.

Output overvoltage and load disconnection protection is
provided by D8, C14, R24, VR3, C15, R23 and Q2. Should tha
output LED load become disconnected the output voltage will
rise causing an associated rise in the bias winding valtage
across G14, Once this exceads the voltage rating of VA3, Q2
turns an pulling dewn the FEEDBACK pin of U1 and initiating
auto-restart operation. Once in auto-restart the low duty cycle
of operation (~3%) together with the small pre-load on the
output prevents the output voltage riging to a high level, Once
the output load is reconnected normal operation resumes.

Capacitor G12 provides local dacoupling for the BYPASS pin of
U1 which is the supply pin for the internal contraller. During
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start-up G4 is charged to -6 V from an internal high-voltage
current source tied to the device DRAIN pin. Once the bias
valtage has risen inio regulation the operating supply current is
provided via R10. Diode D4 prevents L1 from charging C&
during start-up which would increase the start-up delay time.

Feedback

100 pF BYPASS pin capacitor far all but the LNK4x3 which has
only one power setting. In all cases in order to cbtain the best
output current tolerance maintain the device temperature oelow
100 *C

Maximum Input Capacitance
To achiave high power factor, the capacitance used in both tha
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start-up G4 is charged to -6V from an internal high-valtage
cument source tied to the device DRAIN pin. Once the bias
valtage has risen into regulation the operating supply current is
provided via R10. Diode 04 prevents L1 from charging S8
during start-up which would increase the start-up delay time.

Feedback

The bias winding voltage is proportional to the output voltage
{zet by the tums ratio betwean the bias and secondary
windings). This allows the output valtage to be monitored
without secondary side feedback components, Resistor R15
canverts the bias valtage into a current which is fed inta the
FEEDBACK pin of L. The internal engine within L1 combines
tine FEEDBACK pin current, VOLTAGE MONITOR pin current
and drain current information fo provide a constant output
current aver a 2:1 output voltage range.

Output Rectification

The transformer secondary winding is rectified by D2 and
fittered by C4 and C5. A Schottky barrier dicde was selectad
for efficiency and the combined value of G4 and G5 were
salected to give an acceptable LED ripgle current.  For designs
whirg lower ripple is desirable the output capacitance value
can be increased. A small pre-load is provided by RS which
limits the output voltage under no-load conditions.

Key Application Considerations

Power Table

The data sheet power table (Table 1) represents the minimum
and maximum practical continuous output power based on the
following conditions:

1. Efficiency of BO%
2. Device local ambient of 70 °C
3. Sufficient heat sinking to keep the device temperature
balow 100 *C
4. For minimurm output power column
= Reflected output voltage (V) of 120
« FEEDBACK pin current of 135 pA
« BYPASS pin capacitor value of 10 pF
5. For maximum output power colurmn
« Reflected cutput valtage (V) of G5 WV
« FEEDBACK pin cument of 165 pA
« BYPASS pin capacitor value of 100 pF
(LMK4AX3EG = 10 pF)

Note that input line valtages above 85 VAC do nat change the
powaer delivery capability of LinkSwitch-PH devices

Device Selection

Select the device size by comparing the required output power
to the values in Table 1. For thermally challenging designs, e.g.
incandescent lamp replacement, where either the ambient
temperature local to the LinkSwitch-PH device is high and/or
there is minimal space for heat sinking use the minimum oautput
power column. This is selected by using a 10 uF BYPASS pin
capacitor and results in a lower device current imit and
therefore lower conduction losses. For apen frame design or
designs where space is available for heat sinking then refer o
the maximum output power column, This is selected by using a

100 pF BYPASS pin capacitor for all but the LNK4x3 which has
only one power setting. In all cases in order to cbtain the best
output current tolerance maintain the device temperature balow
100 °C

Maximum Input Capacitance

To achieve high power factor, the capacitance used in both the
EMI filter and for decoupling the rectified AC (bulk capacitor)
must be limited in value. The maximum value is a function of
the output power of the design and reduces as the output
power reduces. For the majority of designs limit the fotal
capacitance 1o less than 200 nF with a bulk capacitor value of
100 nF. Film capacitors are recommended compared to
ceramic types as they minimize audible noise with oparating
with leading edge phase dimmers, Start with a value of 10 nF
for the capacitance in the EMI filter and increase in value until
thera is sufficiant EM| margin.

REFERENCE Pin Resistance Value Selection

The LinkSwitch-PH family contains phase dimming devices,
LMNKAD3-409, and non-dimming devices, LNK413-419, The
non-dimmable devices use a8 24.9 kil =1% REFERENCE pin
resistar in high line and universal input voltage designs and

A8.9 ki 21% in low line input voltage designs, for best output
current tolerance (over AC input voltage changes). The dimmable
devices use 49.9 k£ £1% to achisve the widest dimming range

VOLTAGE MONITOR Pin Resistance Network Selection

For widest AC phase angle dimming range with LNK403-409,
use a 4 ML resistor connactad 1o the line voltage peak detector
circuit. Make sure that the resistar’s voltage rating is sufficient
for the peak line voltage. If necessary use multiple series
connected resistors.

For best line regulation, use a series combinatian of resistors
that equals 3.903 MQ connected to the line voltage peak
detector. | addition, connect a 1 ML in series with g 402 k)
resistor (1,402 MQ tatal] from the VOLTAGE MONITOR pin to
SOURCE pin. Use 1% tolerance resistors for good acouracy.
Line regulation can be further improved by using the Pixls
spreadshest’s fine tuning section. See the LinkSwitch-PH
Application Note for more information.

Frimary Clamp and Qutput Reflected Voltage V,

A pnmary clamp is necessary ta limit the peak drain to source
voltage. A Zener clamp requires the fewest components and
board space and gives the highest efficiency. RCD clamps are
also acceptable however the peak drain voltage shouid be
carefully verified during start-up and output short-circuit as the
clamping voltage varies with significantly with the peak drain
current,

For the highest efficiency, the clamping valtage should be
selected to be at least 1.5 times the output reflected voltage,
Y . 88 this keeps the leakage spike conduction time short.
Whean using a Zener clamp in a universal input or high line only
application, a V_, of less than 135 Vis recommended to allow
for the absolute tolerances and temperature variations of the
Zener, This will ensure efficient operation of the clamp cirguit
and will also keep the masximum drain voltage below the rated
breakdown voltage of the MOSFET. An RCD jor RODEZ) clamp

8
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provides tighter clamp voltage tolerance than a Zener clamp.
The RCD clamp is more cost effective than the Zener clamp but
requires mare careful design 1o ensure that the maximum drain
voltage does not exceed the power MOSFET breakdown
valtage. These V., limits are based on the BV, rating of the
Intarnal MOSFET, a V., of 80 V to 100 V is typical for mast
Aecinne aiving the bact BEC and ren datinm merformmance

P-REE-BE08 10

£ ¥ % 1
s — Vollage

g 250 i — 028
E / \
E 150 0.15
E

S =\

¥ I

sugh Dimmer) (A)

Yy I 4




LNK403-409EG/413-419EG

provides tighter clamp valtage tolerance than a Zener clamp.
The RCD clamp is more cost effective than the Zener clamp but
requires mare careful design to ensure that the maximum drain
voltage does not exceed the power MOSFET breakdown
valtage. These \-‘UH limits are based on the BUUh: rating of the
infernal MOSFET, a V,, of B0V to 100V is typical for mast
designs, giving the best PFC and regulation performance.

Series Drain Diode

An ultra-fast or Schottky diode in senes with the drain is
recessary 1o prevent reverse current flowing throuagh the
device. The woltage rating must exceed the output reflected
voltage, V... The current rating should exceed two times the
average primary current and have a peak rating equal to the
maximum drain current of the selected LinkSwitch-PH device.

Line Voltage Peak Detector Circuit

LinkSwitch-PH devices use the peak line voltage 1o regulate the
power delivery fo the output. A capacitor value of 1 uF to 4.7 pF
is recommended to minimize ling ripple and give the highest
power factor (=0.9), smaller values are acceptable but result in
lowver PF and higher line current distortion.

Operation with Phase Controlled Dimmers

Dimmer switches control incandescent lamp brightness by not
canducting (blanking) for a partion of the AC valtage sine wave.
This reduces the BMS voltage applied to the lamp thus
reducing the brightness. This is called natural dimming and the
LinkSwitch-PH LNKAD3-409 devices when configured for
dimming utilize natural dimming by reducing the LED current as
the RMS line voltage decreases. By this nature, line regulation
perfarmance is purposely decreassed to increase the dimming
range and more closely mimic the operation of an incandescent
lamp. Using a 48,9 k() REFERENCE pin resistance selects
natural dimmirg mode oparation.

Leading Edge Phase Controlled Dimmers

The requirement to provide fiicker-free output dimming with low
cost, TRIAG-based, leading edge phase dimmers infroduces a
numiber of trade-offs in the design.

Due to the much lower powar consumed by LED basad lighting
the current drawn by the averall lamp is below the helding
current of the TRIAG within the dimmer. This causes undesirable
behaviors such as limited dimming range and/or flickering, The
relatively large impedance the LED lamp presents 1o the line
allows significant ringing fo cccur due 1o the inrush current
charging the Input capacitance when the TRIAC turns on, This
toc can cause similar undesirable behavior as the ringing may
cause the TRIAC cument to fall to zero and tum off,

To overcome these kssues two circults, the Active Damper and
Passive Bleeder, are incorporated. The drawback of these
circuits is increased dissipation and therefora reduced efficiency
of the supply so for non-dimming applications these
compenents can simply be omitted.

Figure 8{a) shows the line voltage and current at the input of a
leading edge TRIAC dimmer with Figure 8ib) showing the
resultant rectified bus voltage. In this example, the TRIAC
conducts at 90 degrees.
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Figure 9 shows undesired rectified bus voltage and current with
the TRIAC turning off prematurely and restarting.

If the TRIAG is turning off before the end of the half-cycle
erratically or alternate half AC cycles have different conduction
angles then flicker will be observed in the LED light due to
variations in the output current. This can be solved by including
a bleeder and damper circuit.

Cimmers will behave differently based on manufacturer and
powaer rating, for examphe a 300 W dimmer requires less
dampening and requires less power [0ss in the bleeder than a
GO0 W ar 1000 W dimmer due to different drive circuits and
TRIAC holding current specifications. Line voltage also has a
significant impact as at high line for a ghven output power the
input current and therefore TRIAC current is lower but the peak
inrush current when the input capacitance charges is higher
creating mara ringing. Finally multiple lamps in parallel driven
from the same dimmer can introduce maore ringing due to the
increased capacitance of paraliel units. Therefore when testing
dimmer aperation verify on a numbet of models, different line
voltages and with both a single drivar and multiple drivers in
paraliel
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Start by adding a bleeder circuit. Add a 0.44 uF capacitar and
510 £ 1 W resistor [components in series) across the rectified
bus {C11 and R18in Figure &). I this results in satisiactory
operation reduce the capacitor value to the smallest that results
in acceptable performance fo reduce losses and increase
efficiency.

If the: bleeder circuit does not maintain conduction in the TRIAC,
then add an active damper as shown in Figure €. This consists
of components RS, R10, R11, R12, &1, O1, C&, VR2, 02 in
conjunction with B13. This circuit limits the inrush current that
flaws to charge C2 when the TRIAC turns on by placing R13 in
saries for the first 1 ms of the TRIAC conduction. After
approximataly 1 ms, Q2 turns on and shorts R13. This keeps
the power dissipation on R13 low and alows a larger valus to
be used during current limiting. Increasing the delay before Q2
turns on by increasing the values of resistors B9 and R10 will
improve dimmer compatibility but cause more power to be
dissipated across R13. Monitor the AC lne current and voltage
at the input of tha power supply as you make the adjustments.
Increase the delay until the TRIAC operates properly but keep
the delay as short as possible for efficiency.

As a general rule the greater the power dissipated in the bleeder
and damper circuits, the more dirmmer types will work with the
driver,

Trailing Edge Phase Controlled Dimmers

Figure 10 shows the line valtage and current at the input of the
power supply with a trailing edge dimmer. In this example, the
dimmer conducts at 90 degrees. Many of these dimmers use
back-to-back connected power MOSFETs rather than a TRIAS
to control the load. This eliminates the holding current issue of
TRIACs and since the conduction begins at the zero crossing,
high current surges and line ringing are minimized, Typically
thiese types of dimmers do not require damping and bleeder
circuits,
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Audible Noise Considerations for Use With

Leading Edge Dimmers

Maoise created when dimming is typically created by the input
capacitors, EMI fiter inductors and the transformer, The input
capacitors and inductors experience high di/dt and dw/dt every
AC half cycle as the TRIAC fires and an inrush current flows to
charge the input capacitance. Noise can be minimized by
selecting film vs ceramic capacitors, minimizing the capacitor
value and selecting inductors that are physically short and wide.

The transformer may alsc create noise which can be minimized
by avoiding ceres with lang narrow legs (high mechanical
resonant frequency). For example, BM cores produce less
audible naise than EE caores for the same filux density. Reducing
the core flux density will also reduce the noise, Reducing the
maximum flux density (BM) to 1200 Gauss usually eliminates
any audible naise but must be balanced with the increased core
size needed for a given output power.

Thermal and Lifetime Considerations

Lighting applications present thermal challenges to the driver,
Inmany cases the LED load dissipation determines the working
ambient temperature experienced by the drive so thermal
evaluation should be performed with the driver inside the final
enclosure. Temperature has a direct impact on driver and LED
[fetime. For evary 10 °C risa in temperature, companent ife is
reduced by a factor of 2. Therefore it is important to properly
heat sink and verify the operating temperatures of all devices.
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Layout Considerations

Primary Side Connections

Use a single point (Kelvin} connection at the negative terminal of
the input filter capacitar for the SOURCE pin and bias returns.
This improves surge capabilities by retuming surge curments
from the bias windinag directhy o the inout filter capacitor. The

components that connect 1o the SOURCE pin should follow the
same rules as the BYPASS pin capacitor. It is critical that the
main power MOSFET switching currents return to the bulk
capacitor with tha shortest path as possible. Long high current
paths create excessive conducted and radiated naoise.
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Layout Considerations

Primary Side Connections

Usa a single point (Kelvin} connection at the negative terminal of
the input filter capacitor for the SOURCE pin and bias returns.
This Impraves surge capabilities by retuming surge curants
from the biazs winding directiy to the input fitter capacitor, The
BYPASE pin capacitor should be located as close to the
BYPASS pin and connected as close to the SOURCE pinas
possible, The SOURCE pin trace should not be shared with the
main powat MOSFET switching currents, All FEEDBACK pin

componants that connect to the SOURCE pin should follow the
same rules as the BYPASS pin capacitor. [t is critical that the
main power MOSFET switching currents return to the bulk
capacitor with the shortest path as possible. Long high current
paths create exgessive conducted and radiated noise.

Secondary Side Connections

The output rectifier and cutput filter capacitor should be as
close as possible. The transformer's output return pin should
have a short trace to the return side of the output filter capacitor,
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Quick Design Checklist

Maximum Drain Voltage
Werify that the peakcV,_, does not exceed 725 V under all
operating conditions including start up and fault conditions.

Maximum Drain Current

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

Thermal Check

At maximum output power, both minimum and maximum ling
voltage and ambient temperature; verity that temperatura
apecifications are not exceeded for the LinkSwitch-PH,
transformer, output diodes, output capacitors and drain clamp
camponents.,

Rawe, 011710 VAN POVST mnt.oam
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Absolute Maximum Ratings!'*

DRAIN Pin Peak Current™: LNK403, LNK413 o187 A Lead Tamperatursg™ L e 2680 °C
LNKAO4, LNK414 ..o 2.08 A Storage Temperature ... passsisraiseengery ~00 10 180.°C
LNKA0S, LMNKA1S . o272 A Dperating Junction Temperaturg™.......o.cvveevee 40 10 150 °C
LNKADE, LMNKA16....ccvennnn OB A
LNK4GT7, LNEHT o, 544 A Notes:

I BlArE | kEata ceaa s 1 Allvoltages referenced 1o SOLIRCE T = 28 «7
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Absolute Maximum Ratings!*
DRAIN Pin Paak Current™: LNKAOR, LNK413 o001 Load Tomperaie® st e, e i 280 °C
LNKAGS, LMKt . B torage Temperaiurg ..., -85 10 150 °G
LIMKADS, LNKA15.,, Dperating Junction Ternperature‘ ......................... -40 10 150 °C
LNKADE, LNKA18 .,
LNKA4D7, LNK4T Notes:
LNKA08, LNK418 ., - 1. All voltages referenced to SOURCE, T, = 25 “C.
LMK409, LNK41D e 773 A 2 MNormally limited by intarnal circuitry.
DRAIN PInVEAGE .ovvs v s <0310 725 3. 111810, from case for 5 seconds.
BYPASS Pin VORAGE ©.vovvivernreriieseies consminsmiconens 0.3 108V 4. Absolute Maximum Ratings specified may be appglied, ane
BYPASS Pin Currant .oveveein, e 00D A at a lime without causing permanent damage o the
VOLTAGE MONITOR Pin vonsge PPN o < '« 1.2 R'4 product. Exposure to Absolute Maximum Ratings for
FEEDBACK Pin Voltage .............. 03109V extended periods of time may affect product reliability.
REFERENGE Pitt WOIADE vt 04w ay 5 Peak DRAIN current is allowed while the DRAIN voltage is
simultanecusly less than 400 V. See also Figure 17.
Thermal Resistance
Thermal Resistance: eSIP Package: Motes:
). 105 "CAW™ 1. Free Standing with no heat sink.
B e e 250/ 2. Measured at back surface tab,
Conditions
Parameter Symbol SOURCE=0WVT,=-20"Cto 125 °C Min Typ Max Units
{Unless Ohemw.,e Specified)
Control Functions
R i Average B2 66 70
Switching Frequency s T,=25°C T — 9 kiHz
Frequency Jitter ¢ T,=25"C 1 kHz
Modulation Rate L Sea Mote B
LMK403, LNK413 50 -4.2 34
| V=0V, LMKAD4, LMK414 9.6 -8.0 -G.4
L T,=25° K405
LNK405-408, 45 A1 &8
BYPASS Pin LMNKA415-415 s
Charge Current LNK403, LMK413 -1.6 -1.2 -6
| Ve =8, LikA04, LME414 -2 3.5 -2:8
= T,=25°C LNK405-403,
LNK415-419 e 5.4 48
Charging Current o
™ B bl
Temperature Drift Saee Note A 0.5 W00
BYPASS Pin Voltage Ve 0°C<T <100°C a.7 549 &.1 Y
BYPASS Pinottage V. 0C<T <100°C 0.85 vV
Hysteresis BAH d
BYPASS Pin 2 mA
Shunt Voltage Vepshua 0 ‘G <100 °C L P g x
4 T= 25 "C
Soft-Start Time | Fre V 59V 40 ms

JE POWER
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Conditions

Parameter Symbol | SOURCE=0V, T ,=-20°Cto 125°C Min Typ Max Units
(Unless Ctherwise Specified)

Control Functions (cont.)
|
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Conditions
Parameter Symbal | SOURCE=0WV, T =-20°C1to 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Control Functions (cont.)
0°C<T,«<100°C -
e MOSFET Nat Switching 1.0 14 18
Drain Supply Current mid
0°C<T,<100°C 0.8 15 9 95
o MOSFET Switching at 1. ' ' i
VOLTAGE MONITOR Pin
Line Brown-In R,=249k0Q 21.0 22.5 240
- T,=25°%C
Threshold Current y R, =49.0 kQ2 228 24.5 26.2
Line Brown-Out | T =25 °C R, =24.9 kQ 18.5
Threshold Current A R R,=49.9kQ 15.0
Line Brown-In/Out T e R,=248k0 1 4
Hysteresis Y &= R, = 49.9kQ 5 9
Line Overvaltage hy=ds Threshold 107 112 117
Threshold o Rymadnka HA
R, =489k Hysterasis 4
VOLTAGE MONITOR Pin Y 0°C<T,<100°C 975 a0 9.5 V
Voltage Y . <l Iy
VOLTAGE MONITOR Pin V=8V
L 17 10
Short-Gircuit Current e T,=25°C * T A BA
Remote ON/OFF o
Threshold Visness =gl &b L
FEEDBACK Pin
FEEDBACK Pin Current
at Onset of Maximum [ 0"C =T, <100°C 85 pA
Duty Cycle
FEEDBACK Pin Current P
Skip Cycle Threshold Fan B eT= TR0 20 WA
| <l <l
= FRDOWMANH FE FREEF i
Maximum Duty Cycle 7, Do T 2100 o0 a0 39.9 %
; I =150 pA
p W Fa i A 262 W
FEEDBACK Pin Voltage = e e 2.08 240 2.62
FEEDBACK Pin V=58V
Shart-Circuit Current e T, = 95°C =0 ARG # p
DC10 e = basss T, = 25 °C, See Note B 10
Duty CGycle Reduction DC40 g =d0pA T, =257 20 %
DCE0 leg = 6O pA, T =25°C 36
Faw, 311710 VL POEETTL Dam
LNK403-409EG/413-419EG
Conditions
Parameter Symbol | SOURCE=0W,T,=-20°"C10 125°C Min Typ Max Units
{Untess Otherwise Specified)
Auto-Restart

A G Pm . A & smEd s

T =25°C
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Conditions
Parameter Symbol SOURCE=0WVT, =-20°Ct0125°C Min Typ Max Units
Unless Otherwise Specifiad)
Auto-Restart
T=25°C ,
Auto-Restart ON-Time 1 Vi, =59V 40 ms
;:::‘3::5“ eI T =25°C 31 %
SOA Minimum Switch ; T,=25°C i <
ON-Time THISA Ses Note B e !
FEEDBACK Pin
Current During —_— 0°C<T,<100°C 17.5 oA
Auto-Restart
‘REFEREMNCE Pin
HEFERENCE v, 1215 | 1.245 | 1.275 Vv
Voltage A, = 24.9kQ
0" C<T,<100°C
EE::::ENGE Fin k 4845 | 4970 | 5095 A
Current Limit/Circuit Protection
difdt = 163 mA/jus LNK404, LNK414 1.00 116
di/dt = 170 mA/jus LMNK405, LNK415 1.24 1.44
Full Power fims di/dt = 215 mAvus | LNK40G, LNK416 | 148 1.72
Current Limit LTI B A
(Cye = 100 uF) T,=25°C | dijdt =500 mA/us | LNK4O7, LNK417 | 176 2.05
difdt = 350 mA/us LNKA0E, LNK418 2.37 2.75
difdt = 405 mA/us LNK403, LNK419 3.12 3.69
di/dt = 160 mA/jus LMEAD3, LNKA13 0.75 0.84
di/at = 180 mA/us LNK404, LNK414 0.B1 0.94
Rl oo Fmrn | difdt = 185 mAus | LNK405, LNK415 | 1.00 1.16
Current Limit = HMTR | diiet =230 mAjs | LNK40B, LNK416 | 119 1.38 A
(Cye = 10 uF) e
difedt = 315 mafus | LNK4OT, LNK417 1.42 1.66
di/cit = 390 mA/us LNK408, LNK418 1.73 2.01
difct = 450 mA/us | LNK40S, LNK419 2.35 273
:’;:‘5";"“"‘ ON-Tinie fen* T, T,=25°C 300 500 700 ns
Leading Edge T =25"C
Blanking Time fes See Note B 150 500 "=
2 T,=25"G
g
Current Limit Delay L Sas Note B 150 ns
I:;Tefﬁ'::mm" 135 142 150 oG
Thermal Shutdown 75 -
Hysteresis =
BYPASS Pin Power-Up
Reset Threshold Wermeaen G°C<T <1000 2.25 35 4.25 W
Voltage
= POWER 5
INTEGRATIONS
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Conditions
Parameter Symbol | SOURCE=0WV.T =-20"Cio0 125°C Min Typ Max Units
{Unless Ctherwise Specifiad)
Output
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Conditions
Parameter Symbol | SOURCE=0W,T,=-20"C 1012570 Min Typ Max Units
{Unless Ctherwise Specified)
Output
LNIKA03, LMK413 T,=25°C 9.00 10.35
Iy =100 mA T =100°C 13.50 15.5
LNK404, LNK414 1,=257C 540 B.25
=100 mA T,=100°C 8.35 9.7
LNK405, LNK415 T,=267°C 4.10 4.7
I, =130 mA T,=100°C 6.30 7.3
T =25°C 2.80 3.2
ON-State Resistance Rision LNT(IP?;SSNKQW - L]
2 = 1aum T,=100°C 4.10 4.75
LMKA0T, LNK417 T,=25°C 2.00 2.3
Iy =200 mA T,=100°C 310 3.6
LNK408, LNK418 T,=25°C 1.80 1.85
k=250 mA T, =100°C 2.40 28
LMNK403, LNK413 T,=25°C 140 1.6
I, = 350 mA T =100 °C 2 245
Vo =64V
OFF-State Drain &R
| W, =560V 50 1A
Leakage Current b TT: 100 °C
V=64V
Breakdown Voitage BV .. T o 05 725 W
Minimum Drain " 5
Sippl Volisge T, < 100°C 36 i
Rise Time i, 100 ne
- Measured in a Typical Fiyback
Fall Time . &0 ng
MOTES:

A, Far specifications with negative values, a negative tamperature coefiicient coresponds 1o an increase in magnitude with increas-
ing temperature and a positive termperature coefficient coresponds to a decrease in magnitude with increasing termperature.
B. Guaranteed by charactarization. Mot tested in production.

E’#T‘ﬂﬂd TIaNs

R, 0 117100 WL powWerTt.oom

LNK403-409EG/413-419EG

Typical Performance Characteristics

10000 T T T g2 300 =
: — = | | | E
Scaling Faclors: —&a Scaling Fackars: ]
LNK40Z, LNK413 0,18 LNKa03, LNK413 0.18
g LNK4O4, LNK41d 0.28 — g LMK404, LNK414 0.28 g
a LMKA40E, LNK41E 0.08 — LNKA0E, LNK415 0.38 %
= 1 LMNKA0E, LNKA1E .56 | WKAOE. L MKATE 0GR
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Typical Performance Characteristics

10000 ] ; i g 300 —TT B
Scaling Faclars: =& Sealing Fackars: g
LMK403, LNK413 018 ] LNKAQZ, LNKA1
™ LNK404, LNK41 4 u.?ﬁ—§ ENKAG, LNKATS 0.25 §
e} s s 828 ENvite e 02 ‘
: : LNK40B, LNK416 058
§1UCHJ : LNK407, LNKATT 0.75 — = 200 FLNK407, LNK417 0.75 /
s f rﬁ.’ﬁﬁg' tnﬁ:g H'EE = LNK408, LNK418  1.00 /
=z !I. L , 16 — E' LNK40g, LNE4A1S 116
@ [
g ‘\ g /
o o
z 100 = o 100 //
< iy /
o g
(=]
. /
-
0 0

0 100 200 300 400 500 600 0 100 200 300 400 500 800 700

DRAIN Pin Voltage (V) DRAIN Voltage (V)

Figura 14, Drain Capaciance vs. Dran Pin Voltage Figuee 15, Power ks Drain Wodage

=]
E 1.2
S 2 U i A M s A e |
i = o il 1 i i i i 1 i :E
'-__- g E 1 ] | | | | -:--—:--—-:----Iﬁ
4 -~ F E ] | 1 | | 1z
E Fhal y = 4 | 1 | | 1
ot # tE 0.8 el V.
E 3 / At = v I | | | | 1
g | #"Scaiing Factars: Sz ] ! ! : : ! : H
= e LNK403, LNK413 018 05 0 - SRS R S
o S J7 | Unkaos nkdia 028 Zz%9 R T T i
Z 2 + LNKA4QS, LNK415 0.38 <3 b Lk h !
= . LNK40B, LNKAtE 0.56 R R L L e SRR, Lo
[ ek LNKAOT, LNK417 0.75 ':'.E aeadin] i | | | ]
o . b LNK408, LNK412 1.00 o ! ! L ! b i
+ LNK409, LNK419 1,16 $ 02 bL--bto--b--L--i__1 i
- —LNK40B T ... = 25 °C 2 I i i i ) :
g === LNK408 T, = 100G ] GRS i '
0 | | | | | | | E 0 L | i ! i ]
=]
0 2 4 6 8 10 12 14 16 18 20 = 0 100 200 300 400 500 600 700 800
DRAIN Veltage (V) DRAIN Voltage (V)
Figure 16, Drawd Currark! vs, D Voltaga, Figura 17, Maserum Afawabls O Carren? vs, Draw Voltage.
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eSIP-7C (E Package)

m
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eSIP-7C (E Package)
ol
0.403 (10.24) 0.081 (2.08) 0.254 (6.70)
o —— ST — et -—
B |
L Detail & hi
al _I f =
0.260 (7.37
s E:ﬁg}} : R 0.198 {5.04) Ret.
i g l 0.519 (13.18)
1 | | S Ret. i
' ] -
i i == Ve [T
Pin #1 / il T . {“-ﬂr 0207526 || |
- Uiy U 0.120(3.05) Ret. I
14 == - -0.070 (1.78) Fed. 4 +{ |=[0Bd7 (118 [ ] O%t&%ﬁ
L | oo fu B Bx
& wstans. | |__|Grmee) B8 )
[¢[o.02083 [0.51 @ [C]
—L_ 10° Ref. AR 0,100 {2.54)
All Around P ! -
a ) '
| ]
0.021(0.53) 0.060(1.52) | i : ! 0.0:20 (0.50) = ~—T— (.050 {1.27}
I 018 {040} F'*:"- o i ‘ -~ |==0.050(1.27)
=== =g =ele+e
1
0.048 (1.22) i 0.059 (1.50) 0.155 (3.93)
0.378 {9.60) TOTE (1.17) J eme=l A | AN
= Ret, — 0.019 (0.48) Ref. i i
E E = 0.023 (0.58) __ B
[
_m i 0.027 (0.70)
0.059 (1.50)
MNoteg:
1. Dimensioning and tolerancing per ASME Y14,5M-1994, - -
Dimenslons noted are determined at the outermost 0100 (2.54)  0.100{2.54)
exiremes of the plastic body exclusive of mold flagh,
tie bar burrs, gate burrs, and interiead flash, but including MOUNTING HOLE PATTERN
any mismatch between the Lop and bottom of the plastic inot to scale)
baody. Maximum mold protrusion is 0.007 [0.18] per side.
Dimensions noted are inclusive of piating thickness.
Does nol Include Inter-lead flash or protrusions.
5. Controlling dimensions in inches (mm).
Pi-4p17-081510
Part Ordering Information T
LinkSwitch Product Family
PH Series Number
Package ldentifier
E |esprc
[ Package Material
LNK 408 E G G GREEN: Halogen Free and RoHS Compliant

Bies, 311710 WL powWerTt.oom
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WA AR SO Fiw B 110100
Revision |Notes Date
A Initial Release 080810
B Updated Power Taole OEMAEM0
c Added Mon-Dimming Parts and Related Text o

For the latest updates, visit our website: www.powerint.com




W pOwennt com Farv B 117101
Revision |Notes Date
A Intial Relpase OB/0a/10
B Updated Power Table OB/OBMND
C Added Non-Dimming Parts and Related Text 11410

For the latest updates, visit our website: www.powerint.com

Power Integrations reserves the right to make changes fo its products al any time to improve reliability or manufacturability.  Power
Integrations does not assume any liability arising from the use of any device or circuit describad hersin. POWER INTEGRATIONS MAKES
MO WARRANTY HEREIN AND SPECIFICALLY DISCLAIMS ALL WARRANTIES INCLUDING, WITHOUT LIMITATION, THE IMPLIED
WARRAMTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

Patent Information

The praducts and applications llustrated herein fincluding transformer construction and circuits external to the products) may be covered by
one or mare LS. and foreign patents, or potentially by pending U5, and foreign patent applications assigned to Power Integrations. A
completa list of Power Imtegrations patents may be found at www.powerint.com. Power Intagrations grants its customers a license under
cartain patent rights as set forth at httpofwww. powerint.comiip.htm.

Life Support Policy

POWER INTEGRATIONS PRODUCTS ARE MOT AUTHORIZED FOR LISE AS CRITICAL COMPONENTS IN LIFE SURPPORT DEVICES OR

SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF POWER INTEGRATIONS, As used hersin;

1. A Lifa support device or systern is one which, (i) is intended for surgical implant inta the body, or §il) supponts or sustains life, and (i)
whose faifure to perform, when properly used in accordance with instructions for use, can be reasonably expected to rasult in significant
injury or death to the user.

2. A critical component is any component of a life support device or system whose failure io perform can be reasonably expected to cause
the failure of the life support device ar system, or to affect its safety or effactiveness.

The Plloga, TOPSwitch, TinySwitch, LinkSwitch, DPA-Switch, PeakSwitch, CAPZera, SENZerg, EcoSmart, Clampless, E-Shield, Fiterfuse,
StakFET, Pl Expert and Pl FACTS are trademiarks of Power Integrations, Inc. Other trademarks are property of their respective companies.
©2010, Power Integrations, Inc.

Power Integrations Worldwide Sales Support Locations

World Headguarters Germany Japan Taiwan
5245 Hellyer Avenue Rueckertstrasse 2 Kosel Da-3 Bldg. &F, Mo. 318, Mei Hu Rd;, Sec: 1
San Jose, CA 95138, USA. D-B0338, Munich 2-12-11, Bhin-Yokohama, Mel Hu Dist.
Main: +1-408-414-9200 Germary Kohoku-ku Taipei, Taiwan 114, B.O.C.
Customer Service: Phione; +49-89-5527-3310 Yokohama-shi Kanagwan Phone; +BBE-2-2653-4570
Phone; +1-408-414-9665 Fax: +49-89-5527-3920 222-0033 Japan Fax: +B86-2-2658-4550
Fax: +1-408-414-9765 e-mail: eurosales@powerint.com  Phona: +81-45-471-1021 e-mail; lalwansales@powerint.com
e-mail: usasales@powerint.com Fax: =81-45-471-3717

India e-mail: japansales@powerint.com  Europe HQ
China (Shanghai) #1, 14th Main Road 1st Floor, St. James's House
Raam 1601/1610, Tower 1 Vasanthanagar Kaorea East Sireet, Farmham
Kerry Everbright City Bangalore-560052 India RM 602, BFL Surrey GUS 7T
No, 218 Tianmu Road West Phone: +91-80-4113-8020 Karaa City Air Terminal B/D, 159-8  United Kingdom
Shanghai, PR.C. 200070 Fax: +971-80-4113-8023 Samsung-Dong, Kangnam-Gu, Phone: +44 [0) 1252-730-141
Phone: +86-21-6354-6323 e-mail: indiasales@powernint. com  Seoul, 135-728, Korea Faw: =44 (0) 1252-F27-689
Fax: +B86-21-8354-6325 Phone: +82-2-2016-6610 e-mail; surosales@powearnint.com
g-mail: chinasales@powarint.com  taly Fax: <82-2-2016-6630

Via De Amicis 2 e-mail: koreasales@powerint.com Applications Hotline
China (Shenzhen) 20081 Bresso M World Wide +1-408-414-95660
Bm A, B & C 4th Floor, Block G,  Haly Singapore
Electronics Science and Phone: +39-028-928-6000 51 Newton Road Applications Fax
Technology Bldg., 2070 Fax: +39-028-228-68009 #19-01/05 Goldhill Plaza World Wide +1-408-414-9760
Shennan Zhong Rd, e-mail: eurosales@powearint.com  Singapare, 308900
Shenzhen, Guangdong, Phone: +65-B358-2160
China, 518031 Fax: +65-6358-2015
Phone:; +868-755-8379-3243 e-mal; singaporesalas@powerint.com

Fax: +86-755-8379-5828
e-mail: chinasales@powsarint.com




