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Product Highlights

Lower System Cost, High Design Flexibility

» Features eliminate or reduce cost of external components

* Fully integrated soft-start for minimum stress/overshoot

» Externally settable accurate current limit

* Wider duty cycle for more power, smaller input capacitor

» Line under-voltage (UV) detection: no turn off glitches

* Line overvoltage (OV) shutdown extends line surge limit

* Line feed forward with maximum duty cycle (DC, ,,)
reduction rejects ripple and limits DC,, . at high line

+ Singleresistor sets OV/UV thresholds, DC,, . reduction

» Freguency jittering reduces EMI and EMI filtering costs

* Regulates to zero load without dummy loading

» 132 kHz frequency reduces transformer/power supply size

» Half frequency option for video applications

* Hysteretic thermal shutdown for automatic recovery

» Largethermal hysteresis prevents PC board overhesting

» Standard packages with omitted pins for large creepage

» Active-on and active-off remote ON/OFF capability

» Synchronizable to alower frequency

EcoSmart® - Energy Efficient

» Cycle skipping reduces no-load consumption

» Reduced consumption in remote off mode

» Half frequency option for high efficiency standby
* Allows shutdown/wake-up via LAN/input port

Description

TOPSwitch-FX usesthe proven TOPSwitch topology and cost
effectively integrates many new functions that reduce system
cost and, at the same time, improve design flexibility,
performance and energy efficiency. Like TOPSwitch, thehigh
voltage power MOSFET, PWM control, fault protection and
other control circuitry are al integrated onto a single CMOS
chip, but with two added terminals. Thefirst oneisaMULTI-
FUNCTION (M) pin, which implements programmable line
OV/UV shutdown and linefeed forward/DC, ,, reductionwith
linevoltage. The same pin can beused instead to externally set
anaccuratecurrent limit. Ineither case, thispin canalsobeused
for remote ON/OFF or to synchronize the oscillator to an
external, lower frequency signal. Thesecond addedterminal is
the FREQUENCY (F) pin and is available only in the Y
package. This pin provides the half frequency option when
connected to CONTROL (C) instead of SOURCE (S). The
featureson the new pinscan bedisabled by shorting themto the
SOURCE, whichallowsthedeviceto operatein athreeterminal
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Figure 1. Typical Flyback Application.

OUTPUT POWER TABLE

PART 230 VAC +15% 85-265 VAC
ORDER Open Open
NUMBER?| Adapter? Frerl)mez Adapter? Frgmez
L 9W 15W 6.5W 10w

TOP232G
TOP232Y| 10W 25W W 15W

TOP233P
13 W 25W A 15W

TOP233G
TOP233Y| 20W 50 W 15W 30 W

TOP234P
P, 16 W 30 W 11w 20W

TOP234G
TOP234Y| 30W 75W 20W 45 W

Table 1. Notes: 1. Typical continuous power in a non-ventilated
enclosed adapter measured at 50 °C ambient. 2. Maximum practical
continuous power in an open frame design with adequate heat sinking,
measured at 50 °C ambient. See key applications section for detailed
conditions. 3. Packages: P: DIP-8B, G: SMD-8B, Y: TO-220-7B.

TOPSwitch mode, but with the following new transparent
features: soft-start, cycleskipping, 132 kHz switchingfrequency,
frequency jittering, wider DC,, . , hysteretic thermal shutdown
and larger creepage. Inaddition, all critical parameterssuch as
frequency, currentlimit, PWM gain, etc. havetighter temperature
and absol ute tolerances compared to the TOPSwitch-11 family.
Higher currentlimitaccuracy andlarger DC,, , ., whencombined
with other features allow for a 10% to 15% higher power
capability onthe TOPSwitch-FX devicescomparedto equivalent
TOPSwitch-11 devices for the same input/output conditions.
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Figure 2. Functional Block Diagram.
Pin Functional Description

DRAIN (D) Pin:

High voltage power MOSFET drain output. Theinternal start-
up bias current isdrawn from this pin through aswitched high-
voltage current source. Internal current limit sense point for
drain current.

CONTROL (C) Pin:

Error amplifier and feedback current input pin for duty cycle
control. Internal shunt regulator connection to provideinternal
bias current during normal operation. It is also used as the
connection point for the supply bypass and auto-restart/
compensation capacitor.

MULTI-FUNCTION (M) Pin:

Input pinfor OV, UV, linefeed forward withDC,, , . reduction,
external set current limit, remote ON/OFF and synchronization.
A connectionto SOURCE pin disablesall functionsonthispin
and makes TOPSwitch-FX operate in simple three terminal
mode (like TOPSwitch-I1).

FREQUENCY (F) Pin: (Y package only)
Input pinfor selecting switchingfrequency: 132 kHzif connected
to SOURCE pin and 66 kHz if connected to CONTROL pin.

The switching frequency is internally set for 132 kHz only
operation in P and G packages.

SOURCE (S) Pin:
Output MOSFET source connection for high voltage power
return. Primary side control circuit common and reference point.

Tab Internally
Connected to SOURCE Pin

O

Y Package (TO-220-7B)

M 1] 85

s2{ |

s3¢:
C 4]

P Package (DIP-8B)
G Package (SMD-8B)

7S

5D
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Figure 3. Pin Configuration.

|

www.agelectronica.com

www.agelectronica.com




www.agelectronica.com

TOP232-234

www.agelectronica.com

TOPSwitch-FX Family Functional Description

Like TOPSwitch, TOPSwitch-FX is an integrated switched
mode power supply chip that converts a current at the control
input to aduty cycle at the open drain output of ahigh voltage
power MOSFET. During normal operationtheduty cycleof the
power MOSFET decreaseslinearly withincreasing CONTROL
pin current as shown in Figure 4.

Inadditiontothethreeterminal TOPSwitchfeatures, suchasthe
high voltage start-up, the cycle-by-cycle current limiting, loop
compensation circuitry, auto-restart, thermal shutdown, etc.,
the TOPSWwitch-FXincorporatesmany additional functionsthat
reduce system cost, increase power supply performance and
designflexibility. 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.

Two terminals, FREQUENCY (available only in Y package)
and MULTI-FUNCTION, have beenaddedtoimplement some
of the new functions. Theseterminals can be connected to the
SOURCE pin to operate the TOPSwitch-FX in a TOPSwitch-
likethreeterminal mode. However, evenin thisthreeterminal
mode, the TOPSwitch-FX offersmany new transparent features
that do not require any external components:

1. Afully integrated 10 mssoft-start reducespeak currentsand
voltages during start-up and practically eliminates output
overshoot in most applications.

2. DC,,,, of 78% alowssmaller input storage capacitor, lower
input voltage requirement and/or higher power capability.

3. Cycleskipping at minimum pul sewidth achievesregulation
and very low power consumption at no load.

4. Higher switching frequency of 132 kHz reduces the
transformer size with no noticeable impact on EMI or on
high line efficiency.

5. Freguency jittering reduces EMI.

6. Hysteretic over-temperature shutdown ensures automatic
recovery fromthermal fault. Largehysteresispreventscircuit
board overheating.

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

8. Tighter absolute tolerances and smaller temperature vari-
ationson switching frequency, current limit and PWM gain.

TheMULTI-FUNCTION pinisusualy usedfor linesensing by
connecting a resistor from this pin to the rectified DC high
voltagebustoimplement lineover-voltage (OV)/under-voltage
(UV) and line feed forward with DC, . reduction. In this
mode, thevalueof theresistor determinesthe OV/UV thresholds
andthe DC,,, isreduced linearly starting from aline voltage
above the under-voltage threshold. In high efficiency
applications, this pin can be used in the external current limit

mode instead, to reduce the current limit externally (to avalue

Auto-restart

8 Slope = PWM Gain

I, = 140 pA

Duty Cycle (%)

< 'moc)

5559

Ic (MA)

PI-2504-072799

Figure 4. Relationship of Duty Cycle to CONTROL Pin Current.

close to the operating peak current), by-connecting the pin to
SOURCE through aresistor. The same pin can aso be used as
aremote ON/OFF and a synchronization input in both modes.
TheFREQUENCY pininthe TO-220 packagesetstheswitching
frequency to the default value of 132 kHz when connected to
SOURCE pin. A half frequency option can be chosen by
connecting thispinto CONTROL pininstead. L eaving thispin
open is not recommended.

CONTROL (C) Pin Operation

The CONTROL pinisalow impedance nodethat is capabl e of
receiving a combined supply and feedback current. During
normal operation, a shunt regulator is used to separate the
feedback signal fromthesupply current. CONTROL pinvoltage
V. isthe 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 setsthe
auto-restart timing as well as control loop compensation.

When rectified DC high voltage is applied to the DRAIN pin
duringstart-up, theM OSFET isinitially off,andthe CONTROL
pin capacitor ischarged through aswitched high voltagecurrent
sourceconnectedinternally betweenthe 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
duty cycle of the MOSFET from zero to the maximum value
over approximately 10 ms. If no externa feedback/supply
currentisfedintothe CONTROL pinby theend of the soft-start,
thehighvoltage current sourceisturned off andthe CONTROL
pin will start discharging in response to the supply current
drawn by the control circuitry. If the power supply isdesigned
properly, and no fault condition such as open loop or shorted
output exists, the feedback loop will close, providing external
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CONTROL pincurrent, beforethe CONTROL pin voltage has
had a chance to discharge to the lower threshold voltage of
approximately 4.8 V (internal supply under-voltage lockout
threshold). When the externally fed current charges the
CONTROL pinto the shunt regulator voltage of 5.8 V, current
inexcessof the consumption of the chipisshunted to SOURCE
throughresistor R_asshownin Figure 2. Thiscurrent flowing
through R_ controls the duty cycle of the power MOSFET to
provide closed loop regulation. The shunt regulator hasafinite
low output impedance Z _that setsthegain of theerror amplifier
when used in aprimary 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 afault condition such as an open loop or shorted output
preventstheflow of anexternal currentintothe CONTROL pin,
the capacitor on the CONTROL pin dischargestowards4.8 V.
At4.8V auto-restartisactivated whichturnstheoutput MOSFET
off and putsthecontrol circuitry inalow current standby mode.
The high-voltage current source turns on and charges the
external capacitanceagain. A hystereticinternal supply under-
voltage comparator keeps V . within awindow of typically 4.8
to 5.8 V by turning the high-voltage current source on and off
asshownin Figure5. The auto-restart circuit has adivide-by-
8 counter which preventsthe output MOSFET from turning on
again until eight discharge/charge cycleshave elapsed. Thisis
accomplished by enabling the output MOSFET only when the
divide-by-8 counter reaches full count (S7). The counter
effectively limitsTOPSwitch-FX power dissi pation by reducing
the auto-restart duty cycleto typicaly 4%. Auto-restart mode
continues until output voltage regulation is again achieved
through closure of the feedback loop.

Oscillator and Switching Frequency

Theinternal oscillator linearly chargesand dischargesaninternal
capacitance between two voltage levels to create a sawtooth
waveformfor thepul sewidthmodulator. Theoscillator setsthe
pulse width modulator/current limit latch at the beginning of
each cycle.

The nominal switching frequency of 132 kHz was chosen to
minimizetransformer sizewhilekeeping thefundamental EMI
frequency below 150 kHz. The FREQUENCY pin (available
only in TO-220 package), when shorted to the CONTROL pin,
lowers the switching frequency to 66 kHz (half frequency)
which may be preferable in some cases such as noise sensitive
videoapplicationsor ahighefficiency standby mode. Otherwise,
theFREQUENCY pin should beconnectedtothe SOURCE pin
for the default 132 kHz. Trimming of the current reference
improves oscillator frequency accuracy.

To further reduce the EMI level, the switching frequency is
jittered (frequency modulated) by approximately +4 kHz at
250Hz (typical) rateasshownin Figure6. Figure 28 showsthe
typical improvement of EMI measurements with frequency
jitter.

Pulse Width Modulator and Maximum Duty Cycle

The pulse width modulator implements voltage mode control
by driving the output MOSFET with a duty cycle inversely
proportional to the current into the CONTROL pinthat isin
excess of the internal supply current of the chip (see Figure 4).
The excess current is the feedback error signal that appears
across R_ (see Figure 2). This signd is filtered by an RC
network with atypical corner frequency of 7 kHz to reducethe
effect of switching noiseinthechip supply current generated by

o = SL-¥2 (\/\S}r@(-\/'\sr\/\/—\/\s&'gﬂ’\/-\/\/'is 8V
/—W\' 48V
I | I I
ov I b ‘ ‘ I I

®

Note: SO through S7 are the output states of the auto-restart counter

A
Y

PI1-2545-082299

Figure 5. Typical Waveforms for (1) Power Up (2) Normal Operation (3) Auto-restart (4) Power Down .
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theMOSFET gatedriver. Thefiltered error signal iscompared
with the internal oscillator sawtooth waveform to generate the
duty cyclewaveform. Asthecontrol current increases, theduty
cycledecreases. A clock signal from the oscillator setsalatch
whichturnsontheoutput MOSFET. Thepulsewidthmodulator
resets the latch, turning off the output MOSFET. Note that a
minimum current must be driven into the CONTROL pin
before the duty cycle begins to change.

The maximum duty cycle, DC,,, . ,is set at adefault maximum
value of 78% (typical). However, by connecting the MULTI-
FUNCTION pintotherectified DC high voltage busthrough a
resi stor with appropriateval ue, the maximum duty cyclecan be
made to decrease from 78% to 38% (typical) as shown in
Figure 8 when input line voltage increases (see line feed
forward with DC,,, reduction).

Minimum Duty Cycle and Cycle Skipping

To maintain power supply output regulation, the pulse width
modulator reduces duty cycle as the load at the power supply
output decreases. Thisreduction in duty cycleis proportional
to the current flowing into the CONTROL pin. ~As the
CONTROL pincurrentincreases, theduty cyclereduceslinearly
towards a minimum value specified as minimum duty cycle,
DC,,,- After reaching DC,, , if CONTROL pin current is
increased further by approximately 0.4 mA, the pulse width
modulator will force the duty cycle from DC,, , to zero in a
discrete step (refer to Figure 4). This feature allows a power
supply to operatein acycle skipping mode when theload at its
output consumes|esspower thanthe power that TOPSwitch-FX
deliversat minimum duty cycle, DC,, .. No additional control
isneeded for thetransition between normal operationand cycle
skipping. Astheload increasesor decreases, the power supply
automatically switches between normal operation and cycle
SKipping mode as necessary.

Cycle skipping may be avoided, if so desired, by,connecting a
minimum load at the power supply output such that the duty
cycleremains at alevel higher than DC,  at all times.

Error Amplifier

The shunt regulator can also perform the function of an error
amplifierinprimary feedback applications. Theshunt regulator
voltageisaccurately derived from atemperature-compensated
bandgap reference. Thegain of the error amplifier isset by the
CONTROL pin dynamic impedance. The CONTROL pin
clamps external circuit signas to the V_ voltage level. The
CONTROL pin current in excess of the supply current is
separated by the shunt regulator and flows through R_ as a
voltage error signal.

On-chip Current Limit with External Programmability
The cycle-by-cycle peak drain current limit circuit uses the
output MOSFET ON-resistance as a senseresistor. A current

136 kHz—>

Switching
Frequency

PI-2550-092499

~—128 kHz

4 ms

Figure 6. Switching Frequency Jitter.

" >
Time

[imit comparator comparesthe output MOSFET on-statedrain
to source voltage, e with athresnhold voltage. High drain
current causesV ¢ 10 exceed thethreshold voltageand turns
the output MOSFET off until the start of the next clock cycle.
Thedefault current limit of TOPSwitch-FXispresetinternally.
However, with a resistor connected between MULTI-
FUNCTION pin and SOURCE pin, current limit can be
programmed externally to a lower level between 40% and
100% of the default current limit. Pleaserefer to thegraphsin
thetypical performance characteristicssectionfor the selection
of the resistor value. By setting current limit low, a
TOPSWwitch-FX that is bigger than necessary for the power
required can be used to take advantage of thelower R, for
higher efficiency. With a second resistor connected between
theMULTI-FUNCTION pinand therectified DC high voltage
bus providing a small amount of feed forward current, a true
power limiting operation against line variation can be
implemented. When using an RCD clamp, this feed forward
techniquereducesmaximum clampvoltageat highlineallowing
for higher reflected voltage designs. The current limit
comparator threshold voltage is temperature compensated to
minimizethe variation of the current limit due to temperature
related changesin Roson of the output MOSFET.

The leading edge blanking circuit inhibits the current limit
comparator for ashort time after the output MOSFET isturned
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-siderectifier reverse
recovery time will not cause premature termination of the
switching pulse.

The current limit can be lower for a short period after the
leading edge blanking time as shown in Figure 33. Thisisdue
todynamiccharacteristicsof theMOSFET. Toavoidtriggering
thecurrentlimitinnormal operation, thedraincurrentwaveform
should stay within the envelope shown.

Line Under-Voltage Detection (UV)
At power up, UV keeps TOPSwitch-FX off until theinput line

B
7/01

www.agelectronica.com

|

www.agelectronica.com



www.agelectronica.com

www.agelectronica.com

TOP232-234

voltage reaches the under-voltage threshold. At power down,
UV prevents auto-restart attempts after the output goes out of
regulation. Thiseliminatespower down glitches caused by the
dow dischargeof input storage capacitor present inapplications
such as standby supplies. A singleresistor connected from the
MULTI-FUNCTION pin to therectified DC high voltage bus
sets UV threshold during power up. Once the power supply is
successfully turned on, UV isdisabled to allow extended input
voltage operating range. Input voltage is not checked again
until the power supply loses regulation and attempts another
turn-on. Thisisaccomplished by enabling the UV comparator
only when the divide-by-8 counter used in auto-restart reaches
full count (S7) which isalso the state that the counter iSreset to
at power up (see Figure 5). The UV feature can be disabled
independent of OV feature as shown in Figure 16.

Line Overvoltage Shutdown (OV)

Thesameresistor usedfor UV alsosetsanovervoltagethreshold
which, once exceeded, will force TOPSwitch-FX output into
off-state. Theratio of OV and UV thresholdsis preset at 4.5
as can be seen in Figure 8. This feature turns off the
TOPSwitch-FX power MOSFET when the rectified DC high
voltage exceedsthe OV threshold. When the MOSFET is off,
therectified DC highvoltagesurgecapability isincreasedtothe
voltage rating of the MOSFET (700 V), due to the absence of
the reflected voltage and leakage spikes on the drain. Small
amount of hysteresisisprovided onthe OV thresholdto prevent
noisetriggering. The OV feature can be disabled independent
of UV feature as shown in Figure 15.

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 tolinetransients. This

feed forward operationisillustrated in Figure 4 by thedifferent
values of I,,. Note that for the same CONTROL pin current,
higher line voltage resultsin smaller operating duty cycle. As
an added safety measure, the maximum duty cycle DC,,,, is
alsoreducedfrom 78% (typical) at avoltagedightly higher than
the UV threshold to 38% (typical) at the OV threshold (see
Figures4, 8). DC,,,, of 38% at the OV threshold was chosen

to ensure that the power capability of the TOPSwitch-FXisnot
restricted by this feature under normal operation.

Remote ON/OFF and Synchronization

TOPSwitch-FX can be turned on or off by controlling the
current into or out from the MULTI-FUNCTION pin (see
Figure8). Thisallowseasy implementation of remote ON/OFF
control of TOPSwitch-FXinseveral differentways. A transi stor
or an optocoupler output connected between the MULTI-
FUNCTION pinandthe SOURCE pinimplementsthisfunction
with*active-on” (Figure19) whileatransistor or anoptocoupler
output connected betweentheMUL TI-FUNCTION pinandthe
CONTROL pin implements the function with “active-off”
(Figure 20).

When a signal is received at the MULTI-FUNCTION pin to
disable the output through any of the MULTI-FUNCTION pin
functions such as OV, UV and remote ON/OFF,
TOPSWwitch-FX alwayscompletesitscurrent switching cycleas
illustrated in Figure 7 before the output is forced off. The
internal oscillator is stopped slightly before the end of the
current cycleand staysthereaslong asthedisablesignal exists.
When the signal at the MULTI-FUNCTION pin changes state
from disable to enable, the internal oscillator starts the next
switching cycle. This approach allows the use of this pin to
synchronize TOPSwitch-FX to any external signal with a
frequency lower than its internal switching frequency.

Oscillator
(SAW)

Dmax

Enable from
M Pin (STOP) — _ _ _ _ _ _ _ _ _ _

PI-2558-092999

Figure 7. Synchronization Timing Diagram.
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As seen above, the remote ON/OFF feature allows the
TOPSwitch-FX to beturned on and off instantly, on acycle-by-
cycle basis, with very little delay. However, remote ON/OFF
can aso be used as a standby or power switch to turn off the
TOPSwitch-FX and keep it in avery low power consumption
statefor indefinitely long periods. If the TOPSwitch-FXisheld
inremoteoff statefor longenoughtimeto allow the CONTROL
pintodishchargetotheinternal supply under-voltagethreshold
of 4.8 V (approximately 32 ms for a 47 uF CONTROL pin
capacitance), the CONTROL pin goesinto the hysteretic mode
of regulation. In this mode, the CONTROL pin goes through
alternate charge and discharge cycles between 4.8V and 5.8 V
(see CONTROL pin operation section above) and runsentirely
off the high voltage DC input, but with very low power
consumption (160 mW typical at 230 VAC with M pin open).
When the TOPSwitch-FXis remotely turned on after entering
thismode, it will initiate anormal 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
eliminateexpensiveandunreliablein-linemechanical switches.
It also allows for microprocessor controlled turn-on and turn-
off sequencesthat may berequired in certain applicationssuch
as inkjet and laser printers. See Figure 27 under application
examples for more information.

Soft-Start

An on-chip soft-start function is activated at start-up with a
duration of 10 ms (typical). Maximum duty cycle starts from
zero and linearly increases to the default maximum of 78% at
the end of the 10 msduration. Inaddition to start-up, soft-start
isalso activated at each restart attempt during auto-restart and
whenrestartingafter beinginhystereticregul ationof 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. Thisfeaturea sohelpsminimize
output overshoot and prevents saturation of the transformer
during start-up.

Shutdown/Auto-Restart
To minimize TOPSwitch-FX 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 4%
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 described above. 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.

Hyster etic Over-Temperature Protection

Temperature protection is provided by a precision analog
circuit that turns the output MOSFET off when the junction
temperatureexceedsthethermal shutdowntemperature (135°C
typical). When the junction temperature cools to below the
hysteretic temperature, normal operation resumes. A large
hysteresisof 70 °C (typical) isprovided to prevent overheating
of the PC board due to a repeating fault condition. V_ is
regulated in hysteretic mode and a 4.8 V to 5.8V (typical)
sawtooth waveform is present on the CONTROL pinwhenthe
power supply is turned off.

Bandgap Reference

All critical TOPSwitch-FXinternal voltagesarederived froma
temperature-compensated bandgapreference. Thisreferenceis
also used to generate a temperature-compensated current
reference which is trimmed to accurately set the switching
frequency, MOSFET gate drive current, current limit, and the
lineOV/UV thresholds. TOPSwitch-FXhasimproved circuitry
tomaintain all of theabovecritical parameterswithinvery tight
absolute and temperature tolerances.

High-Voltage Bias Current Source

Thiscurrent sourcebiases TOPSwitch-FX fromthe 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.
Inthismode of operation, the current sourceis switched onand
off with an effective duty cycle of approximately 35%. This
duty cycleisdetermined by theratio of CONTROL pin charge
(1) and discharge currents (I ,, and | .,). Thiscurrent source
isturned of f during normal operationwhentheoutput MOSFET
is switching.
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Using FREQUENCY and MULTI-
FUNCTION Pins

FREQUENCY (F) Pin Operation

The FREQUENCY pin is a digital input pin available in
TO-220 package only. Shorting the FREQUENCY pin to
SOURCE pin selects the nominal switching frequency of
132 kHz (Figure 10) whichissuited for most applications. For
other cases that may benefit from lower switching frequency
such as noise sensitive video applications, a66 kHz switching
frequency (half frequency) can be selected by shorting the
FREQUENCY pin to the CONTROL pin (Figure 11). In
addition, an examplecircuit shownin Figure 12 may be used to
lower theswitching frequency from 132kHzinnormal operation
to 66 kHz in standby mode for very low standby power
consumption.

MULTI-FUNCTION (M) Pin Operation

When currentisfedintothe MULTI-FUNCTION pin, it works
as avoltage source of approximately 2.6 V up to a maximum
current of +400 pA (typical). At +400 uA, this pin turnsinto
a constant current sink. When current is drawn out of the
MULTI-FUNCTION pin, it works as a voltage source of
approximately 1.32 V up to a maximum current of —240 uA
(typical). At—240 A, it turnsinto a constant current source.
Refer to Figure 9.

There are atotal of five functions available through the use of
the MULTI-FUNCTION pin: OV, UV, linefeed forward with
DC,, .« reduction, external current limit and remote ON/OFF.
A short circuit between the MULTI-FUNCTION pin and
SOURCE pin disables all five functions and forces
TOPSwitch-FX to operatein asimplethreeterminal modelike

TOPSwitch-11.: TheMULTI-FUNCTION pinistypically used

for line sensing by connecting a resistor from this pin to the
rectified DChighvoltagebustoimplement OV, UV andDC,, ,,
reduction with line voltage functions. In this mode, the value
of the resistor determines the line OV/UV . thresholds, and the
DC,,.x is reduced linearly with rectified DC high voltage
starting from just above the UV threshold. In high efficiency
applications this pin can be used in the external current limit
mode instead, to reduce the current limit externally to avalue
closeto the operating peak current, by connecting thepintothe
SOURCE pinthrough aresistor. Thesamepincanalso beused
as aremote on/off and asynchronization input in both modes.
Pleaserefer to Table2for possiblecombinationsof thefunctions
withexamplecircuitsshowninFigure 13through Figure23. A
description of specific functions in terms of the MULTI-
FUNCTION pin I/V characteristic is shown in Figure 8. The
horizontal axis represents MULTI-FUNCTION pin current
with positive polarity indicating currents flowing into the pin.
The meaning of the vertical axes varies with functions. For
thosethat control the on/off statesof the output suchasUV, OV
and remote ON/OFF, the vertical axis represents the enable/
disablestatesof the output. UV triggersat|,,, (+50puA typical)
andQV triggersat |, (+225 uA typical). Between +50 uA and
+225 uA, the output isenabled. For external current limit and
line feed forward with DC,,,, reduction, the vertical axis
represents the megnitude of the I, and DC,,,,. Line feed
forwardwithDC, ,, reductionlowersmaximum duty cyclefrom
8%atl,, ., (+90UA typica) to38%at |, (+2251A). External
currentlimitisavailableonly withnegativeM UL TI-FUNCTION
pin current. Please see graphs in the typical performance
characterigtics section for the current limit programming range
and the selection of appropriate resistor value.

MULTI-FUNCTION PIN TABLE*

Figure Number p 13 14 15 16 17 18 19 20 21 22 23
Three Terminal Operation v
Under-Voltage v v v
Overvoltage v v v
Line Feed Forward (DC,,,.) v v
Line Feed Forward (1 ) v
External Current Limit v v v v
Remote ON/OFF v v v v v
*This table is only a partial list of many MULTI-FUNCTION pin configurations that are possible.

Table 2. Typical MULTI-FUNCTION Pin Configurations.
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