TOP254-258

TOPSwitch-HX Family

JE POWER’

INTEGRATIONS

Improved EcoSmart’, Integrated Off-Line Switcher with
Enhanced Feature Set and Extended Power Range

Product Highlights
Lower System Cost, High Design Flexibility

Multi-mode operation maximizes efficiency at all loads

No heatsink required up to 35 W with P package with

universal input

- Upto48 W at 230 VAC

Output overvoltage protection (OVP)

- User programmable non latching shutdown or latching
shutdown with AC reset

- Allows both primary and secondary sensing

Line under-voltage (UV) detection prevents turn-off

glitches

Line over-voltage (OV) shutdown extends line surge limit

Enhanced accurate programmable current limit

Dual slope line feed-forward for line ripple rejection

132 kHz frequency (Y package) reduces transformer and

power supply size

Half frequency option in Y package for video applications

Tight I’f parameter tolerance reduces system cost

- Maximizes MOSFET and transformer power delivery

- Minimizes overload power, reducing cost of
transformer, primary clamp & secondary components

Frequency jittering reduces EMI filter cost

Improved auto-restart delivers <3% of maximum power

in short circuit and open loop fault conditions

Accurate hysteretic thermal shutdown function

automatically recovers without requiring a reset

Fully integrated soft-start for minimum start-up stress

Pin-out simplifies heatsinking to the PCB (P package)

Extended creepage between DRAIN and all other pins

improves field reliability

SOURCE pins are electrically quiet for low EMI

EcoSmart - Energy Efficient

Specifically designed to enhance energy efficiency
over entire load range

No-load consumption <200 mW at 265 VAC
Standby output power =0.5 W for 1 W input power at
265 VAC

Description

TOPSwitch-HX cost effectively incorporates a 700 V power
MOSFET, high voltage switched current source, PWM control,
oscillator, thermal shutdown circuit, fault protection and other
control circuitry onto a monolithic device.
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Figure 1. Typical Flyback Application.

OUTPUT POWER TABLE
230 VAC +15%° 85-265 VAC

PRODUCT* Open Open

Adapter’ Fr:me2 Adapter’ Fr:me2
TOP254PN 16 W 28 W 11 W 20 W
TOP254MN
TOP254YN 30 W 62 W 20 W 43 W
TOP255PN 19 W 30 W 13 W 22 W
TOP255MN
TOP255YN 40 W 81 W 26 W 57 W
TOP256PN 21 W 34 W 15 W 26 W
TOP256MN
TOP256YN 60W [ 119W [ 40W 66 W
TOP257PN 25W 44 W 19 W 30w
TOP257MN
TOP257YN 85 W 157 W 55 W 119 W
TOP258PN 35 W 48 W 22 W 35W
TOP258MN
TOP258YN 105W | 195 W 70 W 148 W

Table 1. Output Power Table.
Notes:

1.

2.

3.
4.

Typical continuous power in a non-ventilated enclosed adapter
measured at 50 °C ambient.

Maximum practical continuous power in an open frame design at
50 °C ambient.

230 VAC or 100/115 VAC with doubler.

Packages: P: DIP-8C, Y: TO-220-&C.
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Figure 2a. Functional Block Diagram (P Package).
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Figure 2b. Functional Block Diagram (Y Package).
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Pin Functional Description
Tab Internally

DRAIN (D) Pin: Connected to Y Package (TO-220-7C)
High-voltage power MOSFET DRAIN pin. The internal SOURCE Pin
start-up bias current is drawn from this pin through a switched Q

high-voltage current source. Internal current limit sense point
for drain current.

P Package (DIP-8C)

87 S
73 s
61 s
S

CONTROL (C) Pin:

Error amplifier and feedback current input pin for duty cycle M T
control. Internal shunt regulator connection to provide internal

bias current during normal operation. It is also used as the c E

connection point for the supply bypass and auto-restart/
compensation capacitor.

D 4] 5

EXTERNAL CURRENT LIMIT (X) Pin (Y & M

PI-4509-092806

package only):
Input pin for external current limit adjustment and remote Figure 3. Pin Configuration (top view).
ON/OFF. A connection to SOURCE pin disables all functions
on this pin. A
MULTI-FUNCTION (M) Pin (P package only): e Slope = PWM Gain
This pin combines the functions of the VOLTAGE = . (constant over load range)
MONITOR (V) and EXTERNAL CURRENT LIMIT (X) %
pins of the Y package into one pin. Input pin for OV, UV, g.
line feed forward with DC,,, , reduction, output overvoltage > ;
protection (OVP), external current limit adjustment, remote a
ON/OFF and device reset. A connection to SOURCE pin ([ & &+ & ___________
disables all functions on this pin and makes TOPSwitch-HX ; | >
operate in simple three terminal mode (like TOPSwitch-II). ! CONTROL
P : : : Current
VOLTAGE MONITOR (V) Pin (Y & M package only): A
Input for OV, UV, line feed forward with DC,,, . reduction, = 100
output overvoltage protection (OVP), remote ON/OFF and Z
device reset. A connection to the Source pin disables all E%
functions on this pin. 3%
xE 55
o=
FREQUENCY (F) Pin (Y package only): Eg
Input pin for selecting switching frequency 132 kHzif connected g 3
to SOURCE pin and 66 kHz if connected to CONTROL pin. e 25 . ' ' ¥
The switching frequency is internally set for fixed 66 kHz = >
operation in the P package. conTROL
SOURCE (S) Pin: A Full Frequency Mode
Output MOSFET source connection for high voltage power 132 D Low
return. Primary side control circuit common and reference point. = R Variable | | Frequency
g Jitter Frequency Mode
- B B > 66 frrrrrssnsnnmmnnnnnnnnnnn e Mode VA
TOPSwitch-HX Family Functional 2 . [ ol
Description g i |1 Modulation
Like TOPSwitch, TOPSwitch-HX is an integrated switched 30 : Y
mode power supply chip that converts a current at the control : >
input to a duty cycle at the open drain output of a high voltage lept g leor leoz leos lex Cgl'l“r'[:'g'-
power MOSFET. During normal operation the duty cycle of the PI-4529-010207

power MOSFET decreases linearly with increasing CONTROL
pin current as shown in Figure 4.

B POWER PRELIMINARY B
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In addition to the three terminal TOPSwitch features, such as
the high voltage start-up, the cycle-by-cycle current limiting,
loop compensation circuitry, auto-restart, thermal shutdown,
the TOPSwitch-HX incorporates many additional functions that
reduce system cost, increase power supply performance and
design flexibility. A patented high voltage CMOS technology
allows both the high-voltage power MOSFET and all the low
voltage control circuitry to be cost effectively integrated onto
a single monolithic chip.

Three terminals, FREQUENCY, VOLTAGE-MONITOR, and
EXTERNAL CURRENT LIMIT (available in Y package),
two terminals, VOLTAGE-MONITOR and STANDARD
CURRENT LIMIT (available in M package) or one terminal
MULTI-FUNCTION (available in P package) have been used
to implement some of the new functions. These terminals
can be connected to the SOURCE pin to operate the
TOPSwitch-HX in a TOPSwitch-like three terminal mode.
However, even in this three terminal mode, the TOPSwitch-HX
offers many new transparent features that do not require any
external components:

1. A fully integrated 17 ms soft-start significantly reduces
or eliminates output overshoot in most applications by
sweeping both current limit and frequency from low to high
to limit the peak currents and voltages during start-up.

2. A maximum duty cycle (DC,,, ,) of 78% allows smaller
input storage capacitor, lower input voltage requirement
and/or higher power capability.

3. Multi-mode operation optimizes and improves the
power supply efficiency over the entire load range while
maintaining good cross regulation in multi-output
supplies.

4. Switching frequency of 132 kHz reduces the transformer
size with no noticeable impact on EMI.

5. Frequency jittering reduces EMI in the full frequency
mode at high load condition.

6. Hysteretic over-temperature shutdown ensures automatic
recovery from thermal fault. Large hysteresis prevents
circuit board overheating.

7. Packages with omitted pins and lead forming provide
large drain creepage distance.

8. Reduction of the auto-restart duty cycle and frequency
to improve the protection of the power supply and load
during open loop fault, short circuit, or loss of regulation.

9. Tighter tolerances on I*f power coefficient, current limit
reduction, PWM gain and thermal shutdown threshold.

The VOLTAGE-MONITOR (V) pin is usually used for line
sensing by connecting a resistor of 4 M from this pin to the
rectified DC high voltage bus to implement line overvoltage
(OV), under-voltage (UV) and dual-slope line feed-forward
with DC reduction. In this mode, the value of the resistor

MAX
determines the OV/UV thresholds and the DC is reduced
linearly with a dual slope to further improve the line ripple

rejection. In addition, it also provides another threshold
to implement the latched and hysteretic output overvoltage
protection (OVP). The pin can also be used as aremote ON/OFF
using the Tuv threshold.

The EXTERNAL CURRENT LIMIT (X) pin is usually used
to reduce the current limit externally to a value close to the
operating peak current, by connecting the pin to SOURCE
through a resistor. This pin can also be used as a remote
ON/OFF input.

For the P package the VOLTAGE-MONITOR and EXTERNAL
CURRENT LIMIT pin functions are combined on one MULTI-
FUNCTION (M) pin. However, some of the functions become
mutually exclusive.

The FREQUENCY (F) pinin the Y package sets the switching
frequency in the full frequency PWM mode to the default
value of 132 kHz when connected to SOURCE pin. A half
frequency option of 66 kHz can be chosen by connecting this
pin to CONTROL pin instead. Leaving this pin open is not
recommended. In the P package, the frequency is set internally
at 66 kHz in the full frequency PWM mode.

CONTROL (C) Pin Operation

The CONTROL pin is a low impedance node that is capable
of receiving a combined supply and feedback current. During
normal operation, a shunt regulator is used to separate the
feedback signal from the supply current. CONTROL pin voltage
V_ is the supply voltage for the control circuitry including the
MOSFET gate driver. An external bypass capacitor closely
connected between the CONTROL and SOURCE pins is
required to supply the instantaneous gate drive current. The
total amount of capacitance connected to this pin also sets the
auto-restart timing as well as control loop compensation.

When rectified DC high voltage is applied to the DRAIN pin
during start-up, the MOSFET is initially off, and the CONTROL
pin capacitor is charged through a switched high voltage
current source connected internally between the DRAIN and
CONTROL pins. When the CONTROL pin voltage V_reaches
approximately 5.8 V, the control circuitry is activated and the
soft-start begins. The soft-start circuit gradually increases the
Drain peak current and switching frequency from alow starting
value to the maximum Drain peak current at the full frequency
over approximately 17 ms. If no external feedback/supply current
is fed into the CONTROL pin by the end of the soft-start, the
high voltage current source is turned off and the CONTROL pin
will startdischarging inresponse to the supply current drawn by
the control circuitry. If the power supply is designed properly,
and no faultcondition such as open loop or shorted output exists,
the feedback loop will close, providing external CONTROL pin
current, before the CONTROL pin voltage has had a chance
to discharge to the lower threshold voltage of approximately
4.8V (internal supply undervoltage lockout threshold). When the

MAX
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externally fed current charges the CONTROL pin to the shunt
regulator voltage of 5.8 V, current in excess of the consumption
of the chip is shunted to SOURCE through an NMOS current
mirror as shown in Figure 2. The output current of that NMOS
current mirror controls the duty cycle of the power MOSFET
to provide closed loop regulation. The shunt regulator has a
finite low output impedance Z, that sets the gain of the error
amplifier when used in a primary feedback configuration. The
dynamic impedance Z_. of the CONTROL pin together with
the external CONTROL pin capacitance sets the dominant pole
for the control loop.

When a fault condition such as an open loop or shorted output
prevents the flow of an external current into the CONTROL
pin, the capacitor on the CONTROL pin discharges towards
4.8 V. At 4.8 V, auto-restart is activated which turns the output
MOSFET off and puts the control circuitry in a low current
standby mode. The high-voltage current source turns on and
charges the external capacitance again. A hysteretic internal
supply under-voltage comparator keeps V. within a window of
typically 4.8 Vto0 5.8 V by turning the high-voltage current source
on and off as shown in Figure 6. The auto-restart circuit has a
divide-by-sixteen counter, which prevents the output MOSFET
from turning on again until sixteen discharge/charge cycles have
elapsed. This is accomplished by enabling the output MOSFET
only when the divide-by-sixteen counter reaches the full count
(S15). The counter effectively limits TOPSwitch-HX power
dissipation by reducing the auto-restart duty cycle to typically
2%. Auto-restart mode continues until output voltage regulation
is again achieved through closure of the feedback loop.

Oscillator and Switching Frequency

The internal oscillator linearly charges and discharges aninternal
capacitance between two voltage levels to create a triangular
waveform for the timing of the pulse width modulator. This
oscillator sets the pulse width modulator/current limit latch at
the beginning of each cycle.

The nominal full switching frequency of 132 kHz was chosen to
minimize transformer size while keeping the fundamental EMI
frequency below 150 kHz. The FREQUENCY pin (available
only in Y package), when shorted to the CONTROL pin, lowers
the full switching frequency to 66 kHz (half frequency), which
may be preferable in some cases such as noise sensitive video
applications or a high efficiency standby mode. Otherwise,
the FREQUENCY pin should be connected to the SOURCE
pin for the default 132 kHz. In the M and P packages, the full
frequency PWM mode is set at 66 kHz, for higher efficiency
and increased output power in all applications.

To further reduce the EMI level, the switching frequency in the
full frequency PWM mode is jittered (frequency modulated)
by approximately +5 kHz at a 250 Hz (typical) rate as shown in
Figure 5. Thejitteris turned off gradually as the systemis entering
the variable frequency mode with a fixed peak Drain current or
the low frequency mode with a fixed switching frequency.

Switching
Frequency

Figure 5. Switching Frequency Jitter (Idealized V.

DRAIN

_.,
+
P1-4530-010307

- >
Time

Waveforms).

Pulse Width Modulator

The pulse width modulator implements multi-mode control
by driving the output MOSFET with a duty cycle inversely
proportional to the current into the CONTROL pin that is in
excess of the internal supply current of the chip (see Figure 4).
The feedback error signal, in the form of the excess current, is
filtered by an RC network with a typical corner frequency of
7 kHz to reduce the effect of switching noise in the chip supply
current generated by the MOSFET gate driver.

To optimize power supply efficiency, four different control modes
are implemented. At maximum load, the modulator operates in
full frequency PWM mode, as load decreases, the modulator
automatically transitions, first to variable frequency PWM mode,
then to low frequency PWM mode. At light load, the control
operation switches from PWM control to multi-cycle-modulation
control, and the modulator operates in multi-cycle-modulation
mode. Although different modes operate differently, to make
transitions between modes smooth, the simple relationship
between duty cycle and excess CONTROL pin current shown
in Figure 4 is maintained through all three PWM modes. Please
see the following sections for the details of the operation of
each mode and the transitions between modes.

Full Frequency PWM mode: The PWM modulator enters full
frequency PWM mode when the CONTROL pin current (I..)
reaches . Inthis mode, the average switching frequency is kept
constant at f s (66 kHz for P and M packages, pin selectable
132 kHz or 66 kHz for Y package). Duty cycle is reduced from
DC,, , through the reduction of the on-time when . is increased
beyond I,. This operation is identical to the PWM control of
all other TOPSwitch families. TOPSwitch-HX only operates
in this mode if the cycle-by-cycle peak drain current stays
above k (set), where k is 55% (typical) and

PS(UPPER) LIMlT PS(UPPER)
I, \ur(set) is the current limit externally set via the X pin.
Variable Frequency PWM mode: When peak drain current
is lowered to kPS(l{PPER) I, yir(set) as a result of power
supply load reduction, the PWM modulator initiates the

transition to variable frequency PWM mode, and gradually
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turns off frequency jitter. In this mode, peak drain current
is held constant at kPS(UPPER) I, yr(s€) while switching
frequency drops from the initial full frequency of f .
(132kHzor 66 kHz) towards the minimum frequency of ;. v,
(30 kHz typical). Duty cycle reduction is accomplished by

extending the off-time.

Low Frequency PWM mode: When switching frequency
reaches f; .\, (30 kHz typical), the PWM modulator starts
to transition to low frequency mode. In this mode, switching
frequency isheld constantatf, ., . and duty cycle isreduced,
similar to the full frequency PWM mode, through the reduction
of the on-time. Peak drain current decreases from the initial
value of kPS(UPPER) 1, \ir(seD) towards the minimum value of

pscower) 1S 25% (typical) and

kPS(LOWER) LIMIT(Set) Where k
(set) is the current limit externally set via the X pin.

LIMIT

Multi—Cycle—Modulation Mode: When peak drain current is
lowered to k, LOWER) *1, yr(sed), the modulator transitions to
multi-cycle-modulation mode. In this mode, ateach turn-on, the
modulator enables output switching for a period of Ty i1 at
the switching frequency of f; .\, ., (4 or 5 consecutive pulses
at 30 kHz) with the peak drain current of kPS(LOWER) 1, vir(sen,
and stays off until the CONTROL pin current falls below I ...
This mode of operation, not only keeps peak drain current low,
but also minimizes harmonic frequencies between 6 kHz and
30 kHz. By avoiding transformer resonant frequency this way,
all potential transformer audible noises are greatly supressed.

Maximum Duty Cycle
The maximum duty cycle, DC,, , is set at a default maximum

value of 78% (typical). However, by connecting the VOLTAGE-
MONITOR or MULTI-FUNCTION pin (depending on the
package) to the rectified DC high voltage bus through a resistor
with appropriate value (4 MQ typical), the maximum duty
cycle can be made to decrease from 78% to 40% (typical)
when input line voltage increases from 80 V to 380 V, with
dual gain slopes.

Error Amplifier

The shunt regulator can also perform the function of an error
amplifier in primary side feedback applications. The shunt
regulator voltage is accurately derived from a temperature-
compensated bandgap reference. The CONTROL pin dynamic
impedance Z sets the gain of the error amplifier. The CONTROL
pin clamps external circuit signals to the V,, voltage level.
The CONTROL pin current in excess of the supply current
is separated by the shunt regulator and becomes the feedback
current I for the pulse width modulator.

On-Chip Current Limit with External Programmability

The cycle-by-cycle peak drain current limit circuit uses the
output MOSFET ON-resistance as a sense resistor. A current
limit comparator compares the output MOSFET on-state drain

to source voltage, V. with a threshold voltage. High drain

current causes V¢ . to exceed the threshold voltage and turns
the output MOSFET off until the start of the next clock cycle.
The current limit comparator threshold voltage is temperature
compensated to minimize the variation of the current limit due
totemperature related changesinR - of the output MOSFET.
The default current limit of TOPSwitch-HX is preset internally.
However, with a resistor connected between EXTERNAL
CURRENT LIMIT (X) pin (Y and M packages) or MULTI-
FUNCTION (M) pin (P package) and SOURCE pin, current limit
canbe programmed externally to alower level between 30% and
100% of the default current limit. By setting current limit low,
alarger TOPSwitch-HX than necessary for the power required
can be used to take advantage of the lower R . for higher
efficiency/smaller heat sinking requirements. TOPSwitch-HX
current limit reduction initial tolerance through the X pin (or
M pin) has been improved significantly compare with previous
TOPSwitch-GX. With a second resistor connected between the
EXTERNAL CURRENT LIMIT (X) pin (Y and M packages)
or MULTI-FUNCTION (M) pin (P package) and the rectified
DChigh voltage bus, the current limit is reduced with increasing
line voltage, allowing a true power limiting operation against
line variation to be implemented. When using an RCD clamp,
this power limiting technique reduces maximum clamp voltage
at high line. This allows for higher reflected voltage designs as
well as reducing clamp dissipation.

The leading edge blanking circuit inhibits the current limit
comparator for a short time after the output MOSFET is turned
on. The leading edge blanking time has been set so that, if a
power supply is designed properly, current spikes caused by
primary-side capacitances and secondary-side rectifier reverse
recovery time should not cause premature termination of the
switching pulse.

The current limit is lower for a short period after the leading
edge blanking time. This is due to dynamic characteristics of
the MOSFET. During startup and fault conditions the controller
prevents excessive drain currents by reducing the switching
frequency.

Line Under-Voltage Detection (UV)

At power up, UV keeps TOPSwitch-HX off until the
input line voltage reaches the under-voltage threshold. At
power down, UV prevents auto-restart attempts after the
output goes out of regulation. This eliminates power down
glitches caused by slow discharge of the large input storage
capacitor present in applications such as standby supplies. A
single resistor connected from the VOLTAGE-MONITOR
pin (Y and M packages) or MULTI-FUNCTION pin
(P package) to the rectified DC high voltage bus sets UV
threshold during power up. Once the power supply is successfully
turned on, the UV threshold is lowered to 40% of the initial
UV threshold to allow extended input voltage operating
range (UV low threshold). If the UV low threshold is reached
during operation without the power supply losing regulation,
the device will turn off and stay off until UV (high threshold)
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Figure 6. Typical Waveforms for (1) Power Up (2) Normal Operation (3) Auto-Restart (4) Power Down.

has been reached again. If the power supply loses regulation
before reaching the UV low threshold, the device will enter
auto-restart. At the end of each auto-restart cycle (S15), the
UV comparator is enabled. If the UV high threshold is not
exceeded the MOSFET will be disabled during the next cycle
(see Figure 6). The UV feature can be disabled independent
of the OV feature.

Line Overvoltage Shutdown (OV)

The same resistor used for UV also sets an overvoltage
threshold, which, once exceeded, will force TOPSwitch-HX to
stop switching instantaneously (after completion of the current
switching cycle). If this condition lasts for at least 100 s, the
TOPSwitch-HX output will be forced into off state. Unlike
with TOPSwitch-GX, however, when the line voltage is back
to normal with a small amount of hysteresis provided on the
OV threshold to prevent noise triggering, the state machine
sets to S13 and forces TOPSwitch-HX to go through the entire
auto-restart sequence before attempting to switch again. The
ratio of OV and UV thresholds is preset at 4.5 as can be seen
in Figure 7. When the MOSFET is off, the rectified DC high
voltage surge capability is increased to the voltage rating of the
MOSFET (700 V), due to the absence of the reflected voltage
and leakage spikes on the drain. The OV feature can be disabled
independent of the UV feature.

Hysteretic or Latching Output Overvoltage Protection (OVP)
The detection of the hysteretic or latching output overvoltage
protection (OVP) is through the trigger of the line overvoltage
threshold. The V-pin voltage will drop by 0.5 V, and the

controller measures the external attached impedance right after
this voltage drops. If I exceeds I, o (336 LA typical) longer
than 100 us, TOPSwitch-HX will latch into a permanent off
state for the latching OVP. Itonly can be resetif V,, goes below
1 Voor V. goes below the power-up-reset threshold (Vi pqer)
and then back to normal.

If I, does not exceed Ioyws OF exceeds no longer than
100 ps, TOPSwitch-HX will initiate the line overvoltage and
the hysteretic OVP. Their behavior will be identical to the line
overvoltage shutdown (OV) that had been described in detail
in the previous section.

Line Feed-Forward with DC, , . Reduction

The same resistor used for UV and OV also implements line voltage
feed-forward, which minimizes output line ripple and reduces
power supply output sensitivity to line transients. Note that for
the same CONTROL pin current, higher line voltage results in
smaller operating duty cycle. As an added feature, the maximum
duty cycle DC,, , . is also reduced from 78% (typical) at a voltage
slightly higher than the UV threshold to 30% (typical) at the OV
threshold. DC,, , of 36% at high line was chosen to ensure that
the power capability of the TOPSwitch-HX is not restricted by
this feature under normal operation. TOPSwitch-HX provides a
better fit to the ideal feed-forward by using two reduction slopes:
-1% per PA for all bus voltage less than 190 V and -0.25% per
UA for all bus voltage more than 190 V. This dual slope line
feed-forward improves the line ripple rejection significantly

compare with the TOPSwitch-GX.
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Remote ON/OFF

TOPSwitch-HX canbe turned on or off by controlling the current
intothe VOLTAGE-MONITOR pinorout fromthe EXTERNAL
CURRENT LIMIT pin (Y and M packages) and into or out
from the MULTI-FUNCTION pin (P package, see Figure 7).
In addition, the VOLTAGE-MONITOR pin hasa 1 V threshold
comparator connected at its input. This voltage threshold can
also be used to perform remote ON/OFF control.

Whenasignalisreceived atthe VOLTAGE-MONITOR pin or the
EXTERNALCURRENTLIMIT pin (Y and M packages) or the
MULTI-FUNCTIONpin(P package)todisablethe outputthrough
any of the pin functions such as OV, UV and remote ON/OFF,
TOPSwitch-HX always completes its current switching cycle
before the output is forced off.

< M Pin >
< X Pin > < V Pin >
lRem() lov lovs)
(Enabled) b : 1
Output : : : .
MOSFIJ:ET U (Non-Latching) : (Latching)
S A N A AY
Switching : : [
(Disabled) : \ |
¢ ¢ ' ' ' —r— ' ' N —
11+ Disabled when supply (I
It output goes out of I
: : : regulation : :
It (Default) I i
o ‘
N
Current L ;
Limit R AY
: \
H : , )) »
[ — t 48 >
(| H 11
(| 11
(| 11
|
DCuax (78%) N o
11
11
Maximum I
Duty Cycle AY !
. * )) »
T L 1( Ll
[ | 11
[ | 11
[ | 11
[ | 11
I ! Vgg + V1p o
L ‘ L
[ | AY
V [ | [
BG L [ o 0.6 Vgg + V1p
Pin Voltage I ! I
. l — . >
: : : : : : + + ¢ + >
-250 -200 -150 -100 -50 0 50 75 100 125 336 |
X and V Pins (Y and M Packages) and M Pin (P Package) Current (1LA)
Note: This figure provides idealized functional characteristics with typical performance values. Please refer to the parametric
table and typical performance characteristics sections of the data sheet for measured data. For a detailed description of
each functional pin operation refer to the Functional Description section of the data sheet.
PI-4604-031207

Figure 7. MULTI-FUNCTION (P package), VOLTAGE MONITOR and EXTERNAL CURRENT LIMIT (Y and M packages) Pin
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As seen above, the remote ON/OFF feature can also
be used as a standby or power switch to turn off the
TOPSwitch-HX and keep it in a very low power consumption
state for indefinitely long periods. If the TOPSwitch-HX
is held in remote off state for long enough time to allow
the CONTROL pin to discharge to the internal supply
undervoltage threshold of 4.8 V (approximately 32 ms for a
47 uWFCONTROL pin capacitance), the CONTROL pin goes into
the hysteretic mode of regulation. In this mode, the CONTROL
pin goes through alternate charge and discharge cycles between
4.8 V and 5.8 V (see CONTROL pin operation section above)
and runs entirely off the high voltage DC input, but with very
low power consumption (160 mW typical at 230 VAC with M
or X pins open). When the TOPSwitch-HX is remotely turned
on after entering this mode, it will initiate a normal start-up
sequence with soft-start the next time the CONTROL pin
reaches 5.8 V. In the worst case, the delay from remote on to
start-up can be equal to the full discharge/charge cycle time
of the CONTROL pin, which is approximately 125 ms for a
47 uF CONTROL pin capacitor. This reduced consumption
remote off mode can eliminate expensive and unreliable in-line
mechanical switches. It also allows for microprocessor controlled
turn-on and turn-off sequences that may be required in certain
applications such as inkjet and laser printers.

Soft-Start

The 17 ms soft-start sweeps the peak Drain current and
switching requency linearly from minimum to maximum value
by operating through the low frequency PWM mode and the
variable frequency mode before entering the full frequency
mode. In addition to start-up, soft-start is also activated at
each restart attempt during auto-restart and when restarting
after being in hysteretic regulation of CONTROL pin voltage
(V,), due to remote OFF or thermal shutdown conditions. This
effectively minimizes current and voltage stresses on the output
MOSFET, the clamp circuit and the output rectifier during
start-up. This feature also helps minimize output overshoot and
prevents saturation of the transformer during start-up.

Shutdown/Auto-Restart

To minimize TOPSwitch-HX power dissipation under fault
conditions, the shutdown/auto-restart circuit turns the power
supply on and off at an auto-restart duty cycle of typically 2%

if an out of regulation condition persists. Loss of regulation
interrupts the external current into the CONTROL pin. V.,
regulation changes from shunt mode to the hysteretic auto-
restart mode as described in CONTROL pin operation section.
When the fault condition is removed, the power supply output
becomes regulated, V. regulation returns to shunt mode, and
normal operation of the power supply resumes.

Hysteretic Over-Temperature Protection

Temperature protection is provided by a precision analog circuit
that turns the output MOSFET off when the junction temperature
exceeds the thermal shutdown temperature (142 °C typical).
When the junction temperature cools to below the hysteretic
temperature, normal operation resumes providing automatic
recovery. A large hysteresis of 75 °C (typical) is provided to
prevent overheating of the PC board due to a continuous fault
condition. V,, is regulated in hysteretic mode and a 4.8 V to
5.8V (typical) triangular waveform is present on the CONTROL
pin while in thermal shutdown.

Bandgap Reference

All critical TOPSwitch-HX internal voltages are derived from
a temperature-compensated bandgap reference. This voltage
reference is used to generate all other internal current references,
which are trimmed to accurately set the switching frequency,
MOSFET gate drive current, current limit, and the line OV/
UV/OVP thresholds. TOPSwitch-HX has improved circuitry to
maintain all of the above critical parameters within very tight
absolute and temperature tolerances.

High-Voltage Bias Current Source

This high-voltage current source biases TOPSwitch-HX from
the DRAIN pin and charges the CONTROL pin external
capacitance during start-up or hysteretic operation. Hysteretic
operation occurs during auto-restart, remote OFF and over-
temperature shutdown. In this mode of operation, the current
source is switched on and off with an effective duty cycle of
approximately 35%. This duty cycle is determined by the ratio
of CONTROL pin charge (I,) and discharge currents (I, an
I.,,)- This current source is turned off during normal operatlon
when the output MOSFET is switching. The effect of the current
source switching will be seen on the DRAIN voltage waveform
as small disturbances and is normal.
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ABSOLUTE MAXIMUM RATINGS®
DRAIN Peak Voltage: ........ccccoevevveienenninnen. -0.3Vto700 V FREQUENCY Pin Voltage.......c.ccccoeevieririeniniiininienenne TBD
DRAIN Peak Current: TOP254.........ccoooevmiinianenieieneens TBD Storage Temperature ..........ccceecveevveereersieeneenneeeneeniesseeenne TBD
TOP255....eereee e TBD Operating Junction Temperature.................... -40 °C to 150 °C
TOP256.....ooieeieeeeeeeeeee TBD Lead Temperature! .........ccccecveeeereeeeeeieeesienieseeseeseeseena 260 °C
TOP25T e e TBD
TOP258.eererise e TBD Notes:
CONTROL VOlItage...... ....c.vvvverreeeereeeeeeresrenrennen. -0.3Vto9V 1. 1/16 inch from case for 5 seconds.
CONTROL CUITENL......oveoeveeerreessseesesessssessssessssessseos 100 mA 2. Maximum ratings specified may be applied one at a
VOLTAGE MONITOR Pin Voltage ...........c.ccocovvevvrvunnn. TBD  time, without causing permanent damage to the product.
CURRENT LIMIT Pin VOfage ........ccccocvvvevvevrrrrrerrnnnn. TBD  Exposure to Absolute Maximum Rating conditions for
MULTI-FUNCTION Pin Voltage...........cccccoocovvevreereruenn, TBD  extended periods of time may affect product reliability.
THERMAL IMPEDANCE
Thermal Impedance: Y Package: Notes:
(8], erevereiniriniie e 80 °C/W® 1. Free standing with no heatsink.
(8,0 v 2 °C/W®@ 2. Measured at the back surface of tab.
M Package: 3. Soldered to 0.36 sq. in. (232 mm?), 2 oz. (610 g/m?)
(B, e, °C/W® copper clad.
(B, e, °C/W® 4. Soldered to 1 sq. in. (645 mm?), 2 oz. (610 g/m?) copper clad.
P Package: 5. Measured on the SOURCE pin close to plastic interface.
(IR J— 70 °C/W®; 60 °C/W®
G T 11 °C/W®
Conditions
Parameter Symbol| SOURCE=0V;T,=-40t0125°C Min Typ Max | Units
(Unless Otherwise Specified)
CONTROL FUNCTIONS
I FREQUENCY Pin
EW'tCh'”g - Connected to SOURCE | 119 | 132 | 145
requencyIn FUTL |y | 7 =25°C | FREQUENCY Pin kHz
FrequenCy Mode Connected to CONTROL 59.5 66 725
(average) M/P Package
Frequency Jitter Af 132 kHz Operation +5 "
o z
Deviation 66 kHz Operation 2.5
Frequency Jitter i 250 Hz
Modulation Rate
I, < orl <l or
. \ V(DC) M M(DC)
Maximum Duty DC Lol V.=0V,V. =0V 5 8 83 o
Cycle MAX ¢~ 'cobi J M %
l,= 95 LA 30
Soft-Start Time toorr T,=25°C 17 ms
PWM Gain DC,., T,=25°C -28 -23 -18 %/mA
PWM Gain 0.01 %/mA/
Temperature Drift ' °C
External Bias | TOP254-257 TBD 1.7 TBD A
Current B TOP258 TBD 1.8 TBD
10| PRELIMINARY PEPOWER
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TOP254-258

Parameter

Symbol

Conditions

SOURCE=0V; T, =-40t0 125 °C
(Unless Otherwise Specified)

Min

Typ

Max

Units

CONTROL FUNCTIONS (cont.)

CONTROL
Current at 0%
Duty Cycle

C(OFF)

TOP254-257

4.4

TBD

T,=25°C

TOP258

5.0

TBD

mA

Dynamic
Impedance

I, =4mA;T,=25°C

10

15

22

Dynamic
Impedance
Temperature Drift

0.18

%/°C

CONTROL Pin
Internal Filter Pole

kHz

Upper Peak Cur-
rent to Set Current
Limit Ratio

k

PS(UPPER)

TJ=25°C

TBD

55

TBD

Y%

Lower Peak Cur-
rent to Set Current
Limit Ratio

k

PS(LOWER)

T,=25°C

25

Y%

Multi-Cycle-
Modulation
Switching
Frequency

f

MCM(MIN)

T,=25°C

TBD

30

TBD

kHz

Minimum Multi-
Cycle-Modulation
On Period

T

MCM(MIN)

TJ=25°C

135

us

SHUTDOWN/AUTO-RESTART

Control Pin
Charging Current

C(CH)

TBD

-3.5

TBD

T,=25 °C

TBD

-1.8

TBD

mA

Charging Current
Temperature Dirift

0.5

%/°C

Auto-Restart
Upper Threshold
Voltage

C(AR)U

5.8

Auto-Restart
Lower Threshold
Voltage

C(AR)L

4.5

4.8

5.1

Auto-Restart
Hysteresis Voltage

C(AR)hyst

0.8

1.0

Auto-Restart Duty
Cycle

TBD

Y%

Auto-Restart

Frequency

0.5

Hz
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Conditions
Parameter Symbol | SOURCE=0V;T,=-40t0 125°C | Min Typ | Max | Units
(Unless Otherwise Specified)
MULTI-FUNCTION (M), VOLTAGE MONITOR (V) AND EXTERNAL CURRENT LIMIT (X) INPUTS
Line Undervoltage Threshold TBD 25 TBD uA
Threshold Current o
) | T,=25°C
and Hysteresis w y H _ ] A
(M or V Pin) ysteresis 5 u
Line Overvoltage Threshold 105 112 120 uA
Threshold Current | T =050
and Hysteresis ov I _
(M orV Pln) Hystere3|s 4 LLA
Output Overvoltage
Latching Shutdown | 1o, T,=25°C TBD 336 TBD uA
Threshold Current
VoorMPinReset | Vg, or T, =25°C TBD | 1.0 16 v
Voltage Vi
Remote ON/OFF
Negative Threshold -35 -27 -20
Threshold Current lnem o T,=25°C uA
and Hyste_reS|s Hysteresis 5
(M or X Pin)
V or M Pin Short ysc OF
N Vv,V =V TBD 4 TBD A
Circuit Current lwso) VoM e 00 "
- Normal Mode -300 -240 -180
X_or M Pin Short lysc) OF V,V, =0V uA
Circuit Current lwsc) Auto-Restart Mode | -110 -90 -70
V or M Pin Vo|tage V orV IV or IM = IUV TBD 2.80 TBD v
P C v
(Positive Current) lyorl,=lg, TBD 3.00 TBD
V or M Pin Voltage
Hysteresis (Positive V\V/<hvst>°r l,orl,=1g, TBD 0.50 \%
Current) Mrvsy
X Pin Voltage l, = -50 pA TBD 1.33 TBD
; Vv, %
(Negative Current) l, =-150 pA TBD 1.24 TBD
' ., =-50 uA TBD 1.30 TBD
M Pin \_/oltage v, M B Vv
(Negative Current) l,, = -150 uA TBD 1.19 TBD
Maximum Duty
Cycle Reduction o0 OF
l.>1, T =25° TBD 22 TBD A
Onset Threshold o 02l T,=25°C h
Current
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TOP254-258

Parameter

Symbol

Conditions
SOURCE=0V; T, =-40t0 125 °C
(Unless Otherwise Specified)

Min

Typ

Max

Units

MULTI-FUNCTION (M), VOLTAGE MONITOR (V) AND EXTERNAL CURRENT LIMIT (X) INPUTS (cont.)

Maximum Duty IvI(DC> < IVI<4?18HAPC\” 1.0
Cycle Reduction T,=25°C Moy < T =HO %A
Slope I, 1, 248 pA -0.25
Remote OFF X l\:’lggtmgp'” 06 | TBD
DRAIN Supply o | Voran =190V G Bl Short: mA
Current 1.0 TBD
ed to CONTROL
Remote ON Delay| t,., From Remote ON to Drain Turn-On 25 us
Remote OFF ‘ Minimum Time Before Drain Turn-On 55 s
Setup Time R(OFF) to Disable Cycle ’ H
FREQUENCY INPUT
FREQUENCY Pin V. o9 v
Threshold Voltage
FREQUENCY Pin
Input Current i Ve=Ve 10 40 100 hA
CIRCUIT PROTECTION
TOP254PN .
T =25 di/dt=105mAus | TBD | 1.00 | TBD
TOP254MN
T,=25°C
TOP254YN .
T,=25°C di/dt = 270 mA/us TBD 1.30 TBD
TOP255PN .
T = 25°C di/dt=120mAus | TBD | 1.15 | TBD
TOP255MN
T,=25°C
Self Protection TOP255YN :
.. | o di/dt = 350 mA/us TBD 1.70 TBD A
Current Limit LM T,=25°C
TOP256PN .
T, =25°C di/dt = 140 mA/us TBD 1.35 TBD
TOP256MN
T,=25°C
TOP256YN .
T = 25°C di/dt=530mAus | TBD | 2555 | TBD
TOP257PN .
T, =25°C di/dt = 155 mA/us TBD 1.5 TBD
TOP257MN
T, =25°C
EETFOVER PRELIMINARY 13
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Conditions
Parameter Symbol| SOURCE=0V;T,=-40to 125°C Min Typ Max | Units
(Unless Otherwise Specified)
CIRCUIT PROTECTION (cont.)
TOP257YN .
o di/dt =705 mA/us | TBD 3.40 TBD
TJ =25°C
_ TOP2TN | didt=170mAjs | TBD | 165 | TBD
Self Protection | =25 A
Current Limit LMIT TOP258MN
T,=25°C
TOP258YN .
o di/dt = 890 mA/us | TBD 4.30 TBD
T,=25°C
Initial Current Limit| 1, TBD A
o I < -110 uA, | 0= 2y f TBD [2f TBD
Power Coefficient | Py, X’“% s g g TR oo 2“32) A%kHz
J I f LIMIT(TYP) X fOSC(GG) TBD I f(66) TBD
Leading Edge
: : t T,=25°C 220 ns
Blanking Time Le8 y
gglr;,\/nt Limit b 100 ns
Thermal ShUt' TBD 142 TBD OC
down Temperature
Thermal Shut- 75 oC
down Hysteresis
Power-Up Reset
Threshold Voltage | cresen 175 30 ) 42 |V
OUTPUT
TOP254 T,=25°C 5.2 TBD
I, = 150 mA T,=100°C TBD | TBD
TOP255 T,=25°C 3.9 TBD
I, =250 mA T,=100°C TBD TBD
ON-State R TOP256 T,=25°C 2.6 TBD .
Resistance pSON I, =300 mA T,=100°C TBD TBD
TOP257 T,=25°C 195 | TBD
I, = 400 mA T,=100°C TBD | TBD
TOP258 T,=25°C 156 | TBD
I, =500 mA T,=100°C TBD TBD
DRAIN Supply T,=TBD°C 18 v
Voltage 36
14 ] PRELIMINARY BEPOWER
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Conditions
Parameter Symbol | SOURCE=0V;T,=-40t0 125°C Min Typ Max | Units
(Unless Otherwise Specified)
OUTPUT (cont.)
OFF-State Drain | V,, V,, = Floating, |, =4 mA, 470 uA
Leakage Current pss Vs =560V, T =125°C
Breakdown V,, V,, = Floating, | = 4 mA,
Voltage BVoss o T,=25 °C 700 v
Rise Time ta Measured in a Typical Flyback 100 ns
Fall Time t Converter Application 50 ns
SUPPLY VOLTAGE CHARACTERISTICS
Shunt Regulator
Voltage 9 Vesonm =4 mA 560 | 58 | 6.10 v
Shunt Regulator
) +50 m/°C
Temperature Drift * PP
Output MOSFET|  TOP254-257 TBD 1.4 TBD
oot Enabled
Control Supply/ V,V,V,=0V TOP258 TBD 1.6 TBD
. mA
Discharge Current Output MOSFET
|ch Disabled TBD 0.6 TBD
V,V,V,=0V
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P1-4605-031207

11 . 115.5
Scaling Factors:
TOP254P/G: 1 —|
1.0 \\ TOP255P/G: 1.15 105.0
TOP256P/G: 1.35 __|
1.9 N TOP257P/G: 1.5 94.5
TOP258P/G: 1.65 __|
=08 ~ For ILimit: 84.0
s 0.7 TOP254Y/M: 1.30 |73 5 —~
- N TOP255Y/M: 1.70 )
‘E 06 N TOP256YM: 255 _ [an g S
e N TOP257Y/M: 3.40 0
-1 o5 ~. TOP258YM: 430 _ |go 5 E
0 \\ ?o%%ﬁm- 257 =
":’ 0.4 ToP2ss5Y/M: 333 1420 8
5 03 \ TOP256YM: 505 _ |4 5 ©
o N TOP257Y/M: 6.71 :
0.2 \‘ TOP258Y/M: 8.48 210
0.1 10.5
0.0 0.0
-200 -150 -100 -50 0
I, 1, (UA)
Figure 8a. Current Limit vs. X or M Pin Current.
11 PI-4606-031207 115.5
. ‘Sca‘lin‘g F‘acltor‘s: ‘ '
1.0 TOP254P/G: 1 105.0
TOP255P/G: 1.15
0.9 TOP256P/G: 1.35 94.5
\\ TOP257P/G: 1.5
~ 0.8 \ 'FI:'OPI%?SF_’t/G: 1.65 84.0
or ILimit:
< 0.7 N\ TOP254Y/M: 1.30 735 &
= N\ TOP255Y/M: 170 a
€ 06 N TOP256Y/M: 2.55 630
3 N TOP257Y/M: 3.40
0.5 TOP258Y/M:  4.30 505 E
< N For di/dt: el
o ~ TOP254Y/M: 2.57 o
£ 04 ~ TOP255Y/M: 3.33 420 3
3 03 ™~ TOP256Y/M: 5.05 315 o
o~ ~—l__ TOP257Y/M: 6.71 .
0.2 ~ e TOP258Y/M: 8.48 21.0
0.1 = 10.5
0.0 0.0
0 10 15 20 25 30 35 40 45

External Current Limit Resistor (k<)

Figure 8b. Current Limit vs. External Current Limit Resistance.
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TO-220-7C

v ] @

.390 (9.91)
-146 (3.71) “.420 (10.67)" +
.156 (3.96) <~
.108 (2.74) REF
~461 (11.71)
1495 (12.57)
-860 (21.84) i
.880 (22.35)
.068 (1.73) MIN
\
g A ‘*'%
—»| |==—050 (1.27) BSC
- 150 (3.81) BSC
.050 (1.27) — [
> .050 (1.27)

.200 (5.08)

¢

Yo7C

150 (3.81) = »

T '°5°;ﬂ,a \

—
-

.100 (2.54)

A

.180 (4.58)

@™

MOUNTING HO

-——»[.150 (3.81)

LE PATTERN

1.

2.

3.

165(4.19) |
185 (@.70) | =
(4.70) . .045 (1.14)
‘ .055 (1.40)
.234/(5.94) |
-261,(6.63)
_— T |.570(14.48)
REF.
7° TYP. 670 (17.02)
REF.
080 (2.03) TT__| |
120 (3.05)
*‘ L.040 (1.02)
.060 (1.52)
012(.30) 040 (1.02)
024 (61) ~ I T™1 ™ 060 (1.52)
.190 (4.83)
210 (5.33)
Notes:

Controlling dimensions are inches. Millimeter
dimensions are shown in parentheses.

Pin numbers start with Pin 1, and continue from left
to right when viewed from the front.

Dimensions do not include mold flash or other
protrusions. Mold flash or protrusions shall not
exceed .006 (.15mm) on any side.

. Minimum metal to metal spacing at the package

body for omitted pin locations is .068 in. (1.73 mm).

. Position of terminals to be measured at a location

.25 (6.35) below the package body.

. All terminals are solder plated.

P1-2644-122004
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DIP-8C

Notes:

-E- |—| |—| 1. Package dimensions conform to JEDEC specification
MS-001-AB (Issue B 7/85) for standard dual-in-line (DIP)
package with .300 inch row spacing.

2. Controlling dimensions are inches. Millimeter sizes are
shown in parentheses.
.240 (6.10) 3. Dimensions shown do not include mold flash or other
.260 (6.60) protrusions. Mold flash or protrusions shall not exceed
.006 (.15) on any side.
O 4. Pin locations start with Pin 1, and continue counter-clock-
wise to Pin 8 when viewed from the top. The notch and/or
+|_| |_| dimple are aids in locating Pin 1. Pin 3 is omitted.
5. Minimum metal to metal spacing at the package body for
D .367 (9.32) the omi.tted lead location is .137 inch (3.48 mm).
L .387 (9.83) 6. Lead width measured at package body.
7. Lead spacing measured with the leads constrained to be
-057 (1.45) perpendicular to plane T.
.068 (1.73)
? (NOTE 6)
.125 (3.18) — .015 (.38)
.145 (3.68) MINIMUM
¥ : d
-T- . h H
SEATING } i{| .008 (20 '
PLANE 120 (3.05) [ 015(38)
.140 (3.56) "
7¢ 5 .300 (7.62) BSC i
.100 (2.54) BSC — o' -048(1.22) .137 (3.48) ! (NOTE 7) !
014 (.36) .053 (1.35) MINIMUM 300 (7.62) P0O8C
=022 (56) [@TED ® .010 (.25) W) ! -390 (9.91) ‘ P1-3933-100504.

M Package
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RevAOST This document contains information on a new product. Specifications and information herein are subject to change without notice.




TOP254-258

PART ORDERING INFORMATION

TOPSwitch Product Family

HX Series Number

Package Identifier

P Plastic DIP-8C

M Plastic DIP-10C

Y Plastic TO-220-7C

Lead Finish

N | Pure Matte Tin (Pb-Free) (P and Y Packages)

_[—1 Tape & Reel and Other Options

TOP254P N-TL Blank | Standard Configurations
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For the latest updates, visit our website: www.powerint.com

Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability. Power Integrations does not assume
any liability arising from the use of any device or circuit described herein. POWER INTEGRATIONS MAKES NO WARRANTY HEREIN AND SPECIFICALLY
DISCLAIMS ALL WARRANTIES INCLUDING, WITHOUT LIMITATION, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

PATENT INFORMATION

The products and applications illustrated herein (including transformer construction and circuits external to the products) may be covered by one or more U.S.
and foreign patents, or potentially by pending U.S. and foreign patent applications assigned to Power Integrations. A complete list of Power Integrations’ patents
may be found at www.powerint.com. Power Integrations grants its customers a license under certain patent rights as set forth at http://www.powerint.com/ip.htm.

LIFE SUPPORT POLICY

POWER INTEGRATIONS’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF POWER INTEGRATIONS. As used herein:

1. A Life support device or system is one which, (i) is intended for surgical implant into the body, or (ii) supports or sustains life, and (iii) whose failure to perform,
when properly used in accordance with instructions for use, can be reasonably expected to result in significant injury or death to the user.

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

The PI logo, TOPSwitch, TinySwitch, LinkSwitch, DPA-Switch, PeakSwitch, Clampless, EcoSmart, E-Shield,
Filterfuse, StackFET, Pl Expert and PI FACTS are trademarks of Power Integrations, Inc. Other trademarks are property of their
respective companies. ©Copyright 2007, Power Integrations, Inc.

Power Integrations Worldwide Sales Support Locations

WORLD HEADQUARTERS
5245 Hellyer Avenue

San Jose, CA 95138, USA.
Main: +1-408-414-9200
Customer Service:

Phone: +1-408-414-9665

Fax: +1-408-414-9765
e-mail: usasales @powerint.com

CHINA (SHANGHALI)

Rm 807-808A

Pacheer Commercial Centre,

555 Nanjing Rd. West

Shanghai, PR.C. 200041

Phone: +86-21-6215-5548

Fax: +86-21-6215-2468

e-mail: chinasales @powerint.com

CHINA (SHENZHEN)
Rm 2206-2207, Block A,

Electronics Science & Technology Bldg.

2070 Shennan Zhong Rd.
Shenzhen, Guangdong,

China, 518031

Phone: +86-755-8379-3243

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

GERMANY

Rueckertstrasse 3

D-80336, Munich

Germany

Phone: +49-89-5527-3910
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ken, Japan 222-0033

Phone: +81-45-471-1021
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e-mail: japansales @powerint.com

KOREA
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Fax: +82-2-2016-6630
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Singapore, 308900

Phone: +65-6358-2160

Fax: +65-6358-2015

e-mail: singaporesales@powerint.com

TAIWAN
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Taipei 114, Taiwan R.O.C.

Phone: +886-2-2659-4570

Fax: +886-2-2659-4550

e-mail: taiwansales @powerint.com
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e-mail: eurosales @powerint.com
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