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TOPSwitch-FX Family
Design Flexible, EcoSmart®, Integrated P

Off-line Switcher
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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

* Lineunder-voltage (UV) detection: no turn off glitches

» Lineovervoltage (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

» Frequency jittering reduces EMI and EMI filtering costs

* Regulatesto 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 overheating

» 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? Fra?mez Adapter? Frgmez
TOP232P A 15w 6.5W mnow

TOP232G
TOP232Y| 10W 25W 7W 15W
TOP233P

13w 25W A 15w
TOP233G
TOP233Y| 20W 50 W 15w 30 W
TOP234P 16w 30 W 11w 20w
TOP234G
TOP234Y| 30W 75W 20 W 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.

July 2001


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOP232-234

Section List

PiN FUNCHIONEAI DESCIIPTION ...ttt et ettt e et ettt e e e e e e e e e oo aabbbtte e et e e aaeeeeesaaaabbasbeeeeaaaeaesessannnnnbenneees 3
TOPSwitch-FX Family FUNCLIONAI DESCIIPLION ....uuiiiiiiiiiiieie ittt e e e e e e et e e e e e e e e e e e e e nnneneeees 4
CONTROL (C) PiN OPEIALION ....ceiiiieiiiiiiiiteit ettt e e e e e ettt et e e e e e e s s s o e aaabe e et e et aaaeaeaaaaanbbebaeeeeeeaaaeaasaaaannsbsbseeeaaaaens 4

O 1STet]|F=1 (o] gr=To o ISV (ol a1 g Vo TN o £=To [ =] [on Y AP EP TP 5
Pulse Width Modulator and Maximum DULY CYCIE ..........eeeiiiiiiiiiiiii e e e e e e e e e 5
Minimum Duty Cycle and CYCIE SKIPPING ...eeeetiiiiaiiaiiit ettt et e e e e e e e e s bbb e e e et e e e e e e e s e s annbnbbeeeeeeaaaaaaas 6
o] g 0] o] 11T T PP U PO PP PPPPPRPTPP 6
On-chip Current Limit with External Programability ...............oooiiiiiii e 6
Line Under-Voltage DeteCHION (V) ......uiiiiiiiiaiiiiiiiite ettt e e e e e e e e ettt e e ee e e e e e e e e e aaabnbbeseeeeaaaaaeeaaaannns 6
Line Overvoltage ShULAOWN (OV) .. ..ttt ettt e e e e oottt et e e e e e e e e e e ababb e bt e et e e e e e e e s e e e nnbnbbeeeeaeaaaaaaas 7
Line Feed Forward with DC,,,, REAUCHON ..........ccoiiiiiiiiiii s 7
Remote ON/OFF and SYNCRIONIZALION ........ciiiiiiiiiiiiiiee ettt e e e e et et e e e e e e e e e s e nabbeseeeeeaaaeaeeananns 7
S0 S = A P PO PP PP PP PPPPPPR TP 8
SNULAOWN/AULO-RESTAIT ...ttt e et e e e e a b et e e e e b et e e e e aa b et e e e e b be e e e e e aabbe e e e s e anbreeeeennnreas 8
Hysteretic OVer-TemMPErature PrOTECLION ...........ooiii ittt e e e e e e e e bbb e e et e e e e e e e e e s aaabbesaeeeaaaaeaeaaean 8

(S TaTo [0 P To I L=y (=] =] o Lo TSP U PSPPI 8
High-VOItage BiaS CUIENT SOUICE ........uuueiiiiiieaaie ittt e e e e et ettt e et e e e e e e s e s s e baebeeeeaeaaaaeeeaaaannnbbnbeeeeaaaaaesaeaanns 8
Using FREQUENCY and MULTI-FUNCTION PINS .....uiiiiiiiiiiiieiiie ettt ettt ettt stbe e st e ssbe e e saneesbseessnbeeennneas 9
FREQUENCY (F) PiN OPEIALION .......etteeieeeieeee e e e ettt ettt e e e e e e e e et bbbt e et e e e e e e e e e s e s e nabbbbeeeeeaaaeeeseaaannnbbsaeeeeaaaaaaesaaannns 9
MULTI-FUNCTION (M) PiN OPEIALION ......uueiiiiiiiaaiiaiiiiititie et e et e e e e e e et e e et aa e e e e e e s s anbabbe et e eeaaaaeeeaaaannbnbbeeeeaeaaaaaens 9
Typical Uses of FREQUENCY (F) PN ..ottt e e e e e e e e e s et b bt e e eeaaaaaeeeeaannnnes 11
Typical Uses of MULTI-FUNCTION (M) PiN oottt ettt et e e e e e e e e s st ba e e e e e e e e e e e s 12
Y o] ] I Tor= aTo ] ol = e Ly 1] o] 1= 1S PP TR UR OO 14
A High Efficiency, 30 W, Universal INPUt POWET SUPPIY ...ceeriiiiiiiiiiiitieieee ettt e e e e e e 14

35 W Multiple OULPUL POWET SUPPIY ...ttt ettt e e e ettt e e e e e e e e e s e e aan bbb be e e e e e aaaeeesaaannnbneeees 15

17 W PC Standby POWET SUPPIY ...ttt ettt e et ettt e e e e e e e e e s s e aabbsbe e e e e e eaaaeeesaaannnbbnaeeeaaaaaans 16
Processor Controlled Supply TUI ONJOR ... e e e e e e e e e eeeaaaa e s 17
Key APPlication CONSIABIALIONS ....cciiiiiiiiiiiie ettt e e e e e oo e e e et et e e e e e e e e s aa bbbt b e et e eeaaaeaesasannnbbbeneeaeas 19
TOPSWItCh-FX VS. TOPSWILCN-Il.......eeeeiei ettt e e e s r e e s s nbb e e e e s abreeeeeaae 19
TOPSWItCh-FX DeSign CONSIAEIALIONS .........eiiiiiiiiiieiee ettt e e e e e ettt e e e e e e e e e e s e e aanbabbeeeeeeaaaeeessaannnnrennees 20
TOPSWITCN-FX SEIECHION ...ttt s e e e s e b e e e e e ab et e e s e nbb e e e e e annrnas 20

] 01U S O=T o I- Tox | (o ] Sr TP UPRPTROE 20
Primary Clamp and Output Reflected Voltage V _ ........ccooiiiiiiiiiiii 20

OULPUL DIOAE ...ttt et oo ookttt et e e e a2 o4 o4 o b b e b et et e et e e e e e e s e e e nnbbbbee e e e e eaeaeee s e nnnbbnbneeaaaaaens 21
0] S = o AP PP POPP PP PPTIPP 21

Y O PR PP OUPRUUPPUUPI 21

BN ey (o] 4 g 1] gl DTS o o BT PP UTUP TR 21
StaNADY CONSUMIPLION ....ceiiiiiiiiie ettt e e e oo e et b bttt e e e e e e e e e e s e e s nbbbbbeeeeaeaaeeeesaaannnbbseaeeaaaaaaans 23
TOPSWItCh-FX Layout CONSIAEIATIONS .........eiiiiiiiiiiiieeae ettt e e e e e ettt e e e e e e e e e e s e s aanbbbbeeeeeeaaaeeeesaannnnreenees 23
Primary Side CONNECLIONS ... ..ottt e e e e oottt et e e e e e e s e s e abbbbe et e e eeaaeeeeaaaaannbbnbeeeeaaaaaaaanan 23
G021 o= Ted | (o] ST UPT PRSPPI 23

[ (ST L1 0] N1 o [P TP 23

QUICK DESIGN CRECKIIST ...ttt e e e e e e e e e et et ettt e e e e e e e e s aanabbebbeeeeaaaeeeseesannnnbennees 23
(DTS o I Lo ] AU T TP 23
Product Specifications and TeSt CONUITIONS ......coiiiiiiiiiiiiiiiie e e e e e s senreee s 24
Typical Performance Char@CteriSTICS ..o ittt e e et e e e e e e e e e s e s aanbbbbeeeeeaaaaeeeeaaannns 30
(o Tod (= T [l @ TU ] 4 T 1 ST T TR SP PP 34

E


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOP232-234

CONTROL (©)  § Ve

0 DRAIN (D)
O

$%

SHUNT REGULATOR/

t8

INTERNAL
1 SUPPLY

ERROR AMPLIFIER

SOFT START

A
58V V)
7 28V p
58V
INTERNAL UV
IFB COMPARATOR
Vi Limimy
CURRENT
LIMIT
ADJUST
ON/OFF
VBG * VT

+8
+
SHUTDOWN/

AUTO-RESTART CURRENT LIMIT
COMPARATOR

HYSTERETIC
THERMAL
SHUTDOWN

CONTROLLED
TURN-ON

—
GATE DRIVEH f—
—

FREQUENCY (F)

(Y Package Only) OSCILLATOR WITH JITTER

MULTI-
FUNCTION (M) I‘OvBG
STOP  SOFT-
oviuv START
LINE DMAX
SENSE  DCyax DCMmAX [
cLocK
HALF
O FREQUENCY SAW

[

A
\4
o
m
11
1

LEADING
EDGE
BLANKING

M
COMPARATOR

O

SOURCE (S)

PI1-2535-083099

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 functionson thispin
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

P1-2501-031901

Figure 3. Pin Configuration.
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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, such asthe
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
design flexibility. A patented high voltage CM OS technology
allows both the high voltage power MOSFET and al 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 been added toimplement some
of the new functions. These terminals 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. Afullyintegrated 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,y = 140 A

Duty Cycle (%)

< moc)

5559

Ic (MA)

P1-2504-072799

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 also 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. Leaving thispin
open is not recommended.

CONTROL (C) Pin Operation

The CONTROL pinisalow impedance nodethat is capable 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 and the 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

B
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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. Theshunt 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 putsthe control 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 Figure 5. The auto-restart circuit has a divide-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 chargesanddischargesaninternal
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,
the FREQUENCY 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. Figure28 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 theinternal 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

S7,.S0 .
(\/‘\/F\('\/’\f\/\/ '\/\/\N\/’\/‘
: ' J ‘ | § 48V
oV [ L ‘ ‘ [ \

S1,.S2 58V

®

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
resistor with appropriateval ue, the maximum duty cyclecanbe
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
modul ator 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 operate in acycle skipping mode when the load at its
output consumes|esspower than the 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

4ms

Figure 6. Switching Frequency Jitter.

" >
Time

[imit comparator comparesthe output MOSFET on-statedrain
to source voltage, Voson with athreshold voltage. Highdrain
current causesV ., to exceed thethreshold voltageand turns
the output MOSFET off until the start of the next clock cycle.
Thedefault current limit of TOPSwitch-FXispresetinternaly.
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 performancecharacteristicssectionfor theselection
of the resistor value. By setting current limit low, a
TOPSwitch-FX that is bigger than necessary for the power
required can be used to take advantage of the lower Roson) for
higher efficiency. With a second resistor connected between
theMULTI-FUNCTION pin andtherectified DC high voltage
bus providing a small amount of feed forward current, atrue
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
minimize the 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
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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) whichisalso 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 highvoltage surgecapability 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 avoltagedlightly 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 Synchr onization

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 transistor
or an optocoupler output connected between the MULTI-
FUNCTION pinandthe SOURCE pinimplementsthisfunction
with " active-on” (Figure19) whileatransi stor or an optocoupl er
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
disablethe output through any of the MUL TI-FUNCTION pin
functions such as OV, UV and remote ON/OFF,
TOPSwitch-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 itsinternal switching frequency.

Oscillator
(SAW)

Dmax

Enable from
M Pin (STOP) —1 _ _ _ _ _ _ _ _ _ _

PI-2558-092999

Figure 7. Synchronization Timing Diagram.
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As seen above, the remote ON/OFF feature allows the
TOPSwitch-FXto 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 cyclesbetween 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-FX is 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
eliminateexpensiveand unreliablein-linemechanical switches.
It also alows for microprocessor controlled turn-on and turn-
off sequencesthat may be required in certain applications such
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
whenrestarting after 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.

Hysteretic Over-Temperatur e 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) is provided 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 5.8 V (typical)
sawtooth waveformis present on the CONTROL pinwhen the
power supply isturned off.

Bandgap Reference

All critical TOPSwitch-FXinternal voltagesare derived froma
temperature-compensated bandgap reference. 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-FXhasimprovedcircuitry
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, remoteoff and over-temperature shutdown.
Inthismode of operation, the current sourceisswitched 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.

B
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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 nomina switching frequency of
132 kHz (Figure 10) whichis suited 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 beused 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 currentisfedintotheMULTI-FUNCTION pin, it works
as avoltage source of approximately 2.6 V up to a maximum
current of +400 pA (typical). At +400 pA, thispin 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 VV up to a maximum current of —240 pA
(typical). At—240 pA, 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,,,, 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 the pintothe
SOURCE pinthrough aresistor. Thesamepin canalso beused
as aremote on/off and a synchronization input in both modes.
Pleasereferto Table2for possiblecombinationsof thefunctions
with examplecircuitsshownin Figure 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 theoutput suchasUV, OV
and remote ON/OFF, the vertical axis represents the enable/
disablestatesof theoutput. UV triggersat |, (+50 uA typical)
andQV triggersat |, (+225 uA typical). Between +50 uA and
+225 A, the output isenabled. For external current limit and
line feed forward with DC,,,, reduction, the vertical axis
represents the magnitude of the I . and DC,,,,. Line feed
forwardwithDC, ,,, reductionlowersmaximum duty cyclefrom
78%atl, . (+0UA typica) to38%at |, (+225uA). 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 (I ,,) 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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Note: This figure provides idealized functional characteristics of the MULTI-FUNCTION pin with typical performance values.
Please refer to the parametric table and typical performance characteristics sections of the data sheet for measured data.
PI-2524-081999

Figure 8. MULTI-FUNCTION Pin Characteristics.

CONTROL Pin TOPSwitch-FX

---» (Negative Current Sense - ON/OFF,
Current Limit Adjustment)
O Vgg + Vr

MULTI-FUNCTION Pin

|_O VBG

---» (Positive Current Sense - Under-Voltage,
Over-Voltage, Maximum Duty
Cycle Reduction)

P1-2548-092399

Figure 9. MULTI-FUNCTION Pin Input Smplified Schematic.
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Typical Uses of FREQUENCY (F) Pin

+0

DC
Input
Voltage

o

CONTROL
|_ c

S F

PI-2505-081199

o
+
DC |
Input D
Voltage \]CONTROL
[_I
S F
o

PI1-2506-081199

Figure 10. Full Frequency Operation (132 kH2).

Figure 11. Half Frequency Operation (66 kHz).
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CONTROL
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>
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1nF

P1-2507-040401

Figure 12. Half Frequency Sandby Mode (For High Standby

Efficiency).
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Typical Uses of MULTI-FUNCTION (M) Pin

(e,
+
DC

Input

Voltage '
D| M
CONTROL
B
_ S
(e,
PI-2508-081199

O
+
Vuv = luv X Ris
Vov=lov XRLs
Ris ::2 MQ For RLS =2 MQ
< Vyy =100 VDC
DC Vov =450 VDC
Input
Voltage ' DCyax@100 VDC = 78%
| M DCpax@375 VDC = 47%
\]CONTROL
[
_ S
O
PI-2509-040401

Figure 13. Three Terminal Operation (MULTI-FUNCTION
Features Disabled. FREQUENCY Pin Tied to SOURCE
or CONTROL Pin).

Figure 14. Line Sensing for Under-\bltage, Overvoltage and
Maximum Duty Cycle Reduction.

O
+
$2mo Vuv = Ris X lyy
<
For Value Shown
1 Ris Vyy = 100 VDC
DC g
Input S 22 kQ
Voltage '
D| M
CONTROL
_ S
O *
PI-2510-040401

O
+
2m03 Vov =lov XRys
For Values Shown
Ris 1 Voy = 450 VDC
DC P o
>
Input ke IN4148
Voltage '
D| M
CONTROL
H H°
_ s
O
PI-2516-040401

Figure 15. Line Sensing for Under-Voltage Only (Overvoltage

Figure 16. Line Sensing for Overvoltage Only (Under-\oltage

Disabled). Disabled).
O O
+ +
For R =12 kQ
ILIMIT =67% L |LIMIT =90% @ 100 VDC
Ris$ 25 MQ ILimiT = 55% @ 300 VDC
For R = 25 kQ 9
lumir = 40%
DC
InDCt See graph for other Inout
pu resistor values (R ) P
Voltage : Voltage :
D| M D| M
CONTROL s CONTROL
N ] o e | gt
_ S _ S
O O
PI-2517-040401 P1-2518-040401

Figure 17. Externally Set Current Limit.

Figure 18. Current Limit Reduction with Line \bltage.

|



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOP232-234

Typical Uses of MULTI-FUNCTION (M) Pin (cont.)

(e,

+
Qg can be an optocoupler
output or can be replaced by
a manual switch.

DC
Input
Voltage '
D| M

CONTROL
R,

ON/OFF

P1-2519-040401

+0

Qr can be an optocoupler
output or can be replaced
by a manual switch.

Qr
DC  GNiorr W
RMC

Input 47 kQ
AAA-
Voltage : MM
o| M 45 kQ
CONTROL
H
_ S
O
PI-2522-040401

Figure 19. Active-on (Fail Safe) Remote ON/OFF.

Figure 20. Active-off Remote ON/OFF.

O
+
Qg can be an optocoupler
output or can be replaced
by a manual switch.
For R|L =12 kQ
DC lLimiT = 67 %
Input For Ry = 25 kQ
Voltage '
D| M Iumir =40 %

CONTROL
R,

P1-2520-040401

+0

Qr can be an optocoupler
output or can be replaced
by a manual switch.

Qr
ON/OFF —‘\M—I
DC 47 kQ
Input
<
Voltage ' Rucg24kQ  Ryc=2R,
D| M r
L CONTROL
R 312 kQ I:l c
<
. S
o
PI-2521-040401

Figure 21. Active-on Remote ON/OFF with Externally Set Current
Limit.

Figure 22. Active-off Remote ON/OFF with Externally Set Current
Limit.
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Qr can be an optocoupler
output or can be replaced
by a manual switch.
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DC  GNiorr
Input 47 kQ \
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o] M
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} s
o

P1-2523-040401

Figure 23. Active-off Remote ON/OFF with Line Sense.
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Application Examples

A High Efficiency, 30 W, Universal Input Power Supply
Thecircuit shownin Figure24 takesadvantage of several of the
TOPSwitch-FXfeaturestoreducesystem cost and power supply
size and to improve efficiency. This design delivers 30 W at
12V, froman 85 to 265 VAC input, at an ambient of 50°C, in
an open frame configuration. A nominal efficiency of 80% at
full load is achieved using TOP234.

The current limit is externally set by resistors R1 and R2 to a
value just above the low line operating peak current of
approximately 70% of thedefault current limit. Thisallowsuse
of a smaller transformer core size and/or higher transformer
primary inductance for a given output power, reducing
TOPSwitch-FX power dissipation, while at the same time
avoiding transformer core saturation during startup and output
transient conditions. The resistor R1 provides afeed forward
signal that reducesthecurrent limitwithincreasinglinevoltage,
which, in turn, limits the maximum overload power at high
input line voltage. The feed forward function in combination
withthe built-in soft-start feature of TOPSwitch-FX, allowsthe
use of alow cost RCD clamp (R3, C3 and D1) with a higher

reflected voltage, by safely limiting the TOPSwitch-FX drain
voltage, with adequate margin, under worst case conditions.
The extended maximum duty cycle feature of TOPSwitch-FX
(guaranteed minimumvalueof 75%vs. 64%for TOPSwitch-11)
allowsthe use of asmaller input capacitor (C1). The extended
maximum duty cycle and the higher reflected voltage possible
with the RCD clamp also permit the use of ahigher primary to
secondary turns ratio for T1 which reduces the peak reverse
voltage experienced by the secondary rectifier D8. Asaresult,
a60 Vv Schottky rectifier can be used for up to 15 V outputs,
which greatly improves power supply efficiency. The cycle
skipping feature of the TOPSwitch-FX eliminates the need for
any dummy loading for regulation at noload and reducestheno
load/standby consumption of the power supply. Frequency
jitter providesimproved marginfor conducted EMI meetingthe
CISPR 22 (FCC B) specification.

A simple Zener sense circuit isused for low cost. The output
voltageisdetermined by the Zener diode (VR2) voltageand the
voltagedropsacrosstheoptocoupler (U2) LED andresistor R6.
Resistor R8 provides bias current to Zener VR2 for typical
regulation of £5% at the 12 V output level, over line and load
and component variations.

Cl4 RI15
1nF 150 Q
) L3 12V
P 3.3 uH @25A
g3 3 ' ’ " ')
4iZ<\r}F-L D8 C10 c11 _L c12
| MBR1060 560 uF =~ 560 pF 220 pF
T 35V T 35V T 35V
. . ORTN
D1 Z
UF4005 N
> D2
3;4.7% o 1N4148 R6 S
12 W |——¢ 15007 RS <
1 C6 ... ... 15003
100 nF ! :
66 LF= : :I é LTV
o~ H H
aod v o| | TOPSwitch-FX L X T LTVeLIA
U1 CONTROL
ToP234Y | I:—| c
| RS
> >
Zoooka Sk * 6803 VR2
' 1N5240C
| 10V, 2%
cs
47 uF
10V
P1-2525-040401

Figure 24. 30 W Power Supply using External Current Limit.
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35 W Multiple Output Power Supply

Figure 25 shows a five output, 35 W, secondary regulated
power supply utilizingaTOP233for multipleoutput applications
such as set-top box, VCR, DVD, etc. The circuit shown is
designedfor a230V A Cinput but can beused over theuniversal
range at a derated output power of 25 W. Alternatively, a
doubler input stage can be used at 100 or 115 VAC for thefull
power rating of 35 W. TOPSwitch-FX provides several
advantages in the above mentioned applications.

A single line sense resistor R1 (2 MQ) implements an under-
voltagedetect (at 100V), over-voltage shutdown (at 450V) and
line feed forward with DC,,,, reduction features. Under-
voltage detect ensuresthat the outputs are glitch free on power
down. The over-voltage shutdown turnsoff the TOPSwitch-FX
MOSFET above 450 V on the DC input rail, eliminating
reflected voltage and leakage inductance spikes, and hence,
extending the surge withstand to the 700 VDC rating of the
MOSFET. This feature prevents field failures in countries

where prolonged line voltage surges are common.

Thisdesignal sotakesadvantageof soft-start and higher operating
frequency to reduce transformer size. A snubber circuit (R4,
C4) is used to slowdown dv/dt of the switching waveform
minimizing radiated video noise that could interfere with TV
reception. Thehalf frequency option of the TOPSwitch-FX can
beused by connectingthe FREQUENCY pintothe CONTROL

pin instead of the SOURCE pin in video noise sensitive
applications to allow for heavier snubbing without significant
impact on efficiency.

This design achieves +5% load regulation on 3.3V and 5V
outputsusing dual sensed optocoupl er feedback throughresistors
R9, R10and R11. Other output voltagesareset by thetransformer
turnsratio. Output voltageonthelow power -5V outputisshunt
regulated by resistor R12 and Zener diode VR2. Dummy load
resistor R13 is required to maintain regulation of the 30 V
output under light |oad conditions. Compensation of the TL431
(U3) is achieved with resistor R8 and capacitor C7. Primary
side compensation and auto-restart frequency are determined
by resistor R5 and capacitor C5. Second stageL C post-filtering
isused onthe 3.3V, 5V and 18 V high power outputs (L2, L3,
L4 and C13, C15, C17) for low ripple. Full load operating
efficiency exceeds 75% across the AC input range. Primary
clamp components VR1 and D1 limit peak drain voltage to a
safe value.

The frequency jittering in TOPSwitch-FX helps reduce EMI,
mai ntai ning emissionsbel ow CI SPR 22 (FCCB) level sthrough
proper choiceof Y 1 capacitor (CY 1) andinput filtering elements
(CX1,L1). Tominimize coupling of common modetransients
tothe TOP233, Y 1 capacitor istied tothepositiveinput DCrail .
Lightning strikeimmunity to 3kV isattained with the addition
of a275V MOV (RV1).
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i D8 C10 Ci1 1
' MUR120 =100 pF L2 1uF 1~ 18V
: : 50V 3.3 uH 50V @ 550 mA
: N O
' C12 C13 > R13
A D UFsa02 | TR220 pF L3 T100uF [ 30
2Ny : 25V 3.3uH 25V 3
= 0y ~~~ 05V
: ‘| “p1o cl14 cis @25A
’ .  |MBR1045 Z~1000 pF =100 uF
: : 25V L4 0V 33V
: : 3.3 uH @3A
' _D: A O
VR1 il b1 l
P6KE200 ! Bz = Ci6 c17
H s 1000 pF 100 pF
o1 ; 25V 10V
UF4007 ' y ORM
: c18
: L L ci9
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| -4 c5 c8 .|: rU3
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Figure 25. 35 W Set-Top Box Power Supply.
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17 W PC Standby Power Supply

Figure 26 showsa17 W PC standby applicationwith 3.3V and
5V secondary outputsand a15 V primary output. The supply
uses the TOP232 operating from 230 VAC or 100/115 VAC
with doubler input. This design takes advantage of the soft-
start, line under-voltage detect, tighter current limit variation
and higher switching frequency featuresof TOPSwitch-FX. For
example, the higher switching frequency with tighter current
limit variation alows use of an EE19 transformer core.
Furthermore, the spacing between high voltage DRAIN pinand
low voltage pinsof the TOPSwitch-FX packagesprovideslarge
creepage distance which is a significant advantage in high
pollution environments such as fan cooled PC power supplies.

Capacitor C1 provides high frequency decoupling of the high
voltage DC supply, and isnecessary only if thereisalongtrace
length from the source of the DC supply to the inputs of this
standby circuit. Theline senseresistor R1 sensesthe DC input
voltage for line under-voltage. When AC is turned off, the
under-voltage detect feature of the TOPSwitch-FX prevents
auto-restart glitches at the output caused by the slow discharge
of large storage capacitance in the main converter. This is

achieved by turning the power supply off when the input
voltagegoesbel ow alevel needed to maintain output regul ation
and keeping it off until the input voltage goes above the
under-voltagethreshold (V ), whenthe ACisturned on again.
The under voltage threshold is set at 200V DC, slightly below
the required lowest operating DC input voltage, for start-up at
170VAC. This feature saves several components needed to
implement the glitch free turn off with discrete or
TOPSwitch-11 based designs.

Thebiaswindingisrectified andfiltered by D2 and C6to create
a bias voltage for the TOP232 and to provide a 15V primary
bias output voltage for the main power supply primary control
circuitry. Both 3.3V and 5V output voltagesare sensed by R9,
R10 and R11 using a TL431 (U3) circuit shown. Resistor R6
limits current through optocoupler U2 and sets overall AC
control loop gain. Resistor R7 assures that there is sufficient
biascurrentfor the TL431 whentheoptocoupler isat aminimum
current. Capacitor C8 providesasoft-finishfunctiontoeliminate
turn-on overshoot. The no load regulation (cycle-skipping) of
TOPSwitch-FX permits the circuit to meet the low standby
power requirement of the Blue Angel specification for PCs.

L1
3.3uH
~ Y\ _T_ 05 \Y
o T @z2A
¥ 3.3 uH Y
VR1 T 10V
BZY97C-200 033V
_L c13 @2A
100 uF
< RI1 T 10V
200-375 $3.9MQ ¢ ORTN
VvDC D1
UF4005 QO 15V
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< (Primary
c1 | R7 < Referenced)
0.01 uF = 51003
kv | ; I R9
(optional) : :I yA % VU2 16.2 kQ
} : 1 SFH615-2 <
o| wm| TOPSwitch-FX L 7 Y iseHets 3
>
o 3U1 controL | R10 3
TOP232Y I:—| 12.1 kQ
J | — C7
RS S 0.1uF
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O
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Figure 26. 17 W PC Sandby Supply.
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Processor Controlled Supply Turn On/Off

A low cost momentary contact switch can be used to turn the
TOPSwitch-FX power onand off under microprocessor control
that may berequiredin someapplicationssuch asprinters. The
low power remoteoff featureallowsan el egant implementation
of thisfunction with very few external componentsasshownin
Figure27. Whenever thepush button momentary contact switch
Pl is closed by the user, the optocoupler U3 is activated to
inform the microprocessor of this action. Initialy, when the
power supply isoff (M pinisfloating), closing of P1 turnsthe
power supply on by shorting the M pin of the TOPSwitch-FXto
SOURCE through a diode (remote on). When the secondary
output voltage VCC is established, the microprocessor comes
alive and recognizes that the switch P1 is closed through the
switch statusinput that isdriven by the optocoupler U3 output.
Themicroprocessor then sendsapower supply control signal to
hold the power supply in the on-state through the optocoupl er
U4. If the user presses the switch P1 again to command aturn
off, themicroprocessor detectsthisthrough the optocoupler U3
and initiatesashutdown procedurethat isproduct specific. For
example, inthecaseof theinkjet printer, theshutdown procedure

may include safely parking the print heads in the storage
position. Inthecaseof productswith adisk drive, the shutdown
procedure may include saving dataor settingsto thedisk. After
the shutdown procedure is complete, when it is safe to turn of f
the power supply, the microprocessor releases the M pin by
turning the optocoupler U4 off. If the manual switch and the
optocouplers U3 and U4 are not located close to the M pin, a
capacitor C,, may beneeded to prevent noisecouplingtothepin
when it is open.

The power supply could also be turned on remotely through a
local area network or a parallel or serial port by driving the
optocoupler U4 input LED with alogic signal. Sometimesitis
easier to send atrain of logic pulsesthrough acable (dueto AC
coupling of cable, for example) instead of aDC logic level as
awake-up signal. Inthiscase, asimple RC filter can beusedto
generateaDC level to drive U4 (not shown in Figure 27). This
remote on feature can be used to wake-up peripherals such as
printers, scanners, external modems, disk drives, etc., asneeded
from acomputer. Peripherals are usually designed to turn off
automatically if they are not being used for aperiod of time, to
save power.

il Vee
(+5V)
¢ g SN % L
T T External
Wake-up
High Voltage . q Signal
DC Input (] 9 Power
Supply
100 kQ MICRO ON/OFF

27 k
AA

vy

> D

PROCESSOR/

CONTROLLER | Control

,/ 1N)4/ﬁ;

LOGIC LOGIC

1N4148 VY
. . INPUT OUTPUT
: o| w| TOPSwitch-FX | ‘{-----4|- 6.8ka
AL CONTROL A e e
N : :||'| _L N 6.8 kQ
..... ! Cw -
S F 47 uF '
[ P [rnF > vl ! o | P switch 14
. I Status LT\%%417A: .....
O—e — o O
RETURN

PI-2561-040401

Figure 27. Remote ON/OFF Using Microcontroller.
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In addition to using a minimum number of components,
TOPSwitch-FX provides many technical advantages in this
type of application:

1. Extremely low power consumption in the off mode: 80 mwW
typical at 110 VAC and 160 mW typical at 230 VAC. This
is because in the remote/off mode the TOPSwitch-FX
consumes very little power, and the external circuitry does
not consume any current (M pin is open) from the high
voltage DC input.

2. A very low cost, low voltage/current, momentary contact
switch can be used.

3. Nodebouncingcircuitry for themomentary switchisrequired.
During turn-on, the start-up time of the power supply
(typicaly 10 to 20 ms) plus the microprocessor initiation
timeact asadebouncingfilter, allowingaturn-ononly if the
switch isdepressed firmly for at |east the above delay time.
During turn-off, the microprocessor initiates the shutdown

seguence when it detects thefirst closure of the switch, and
subsequent bouncing of theswitchhasnoeffect. If necessary,
the microprocessor could implement the switch debouncing
in software during turn-off, or afilter capacitor can be used
at the switch status input.

. No external current limiting circuitry is needed for the

operation of the U4 optocoupler output due to internal
limiting of M pin current.

. No high voltage resistors to the input DC voltage rail are

required to power theexternal circuitry intheprimary. Even
the LED current for U3 can be derived from the CONTROL
pin. Thisnot only saves components and simplifies layout,
but also eliminates the power loss associated with the high
voltage resistorsin both on and off states.

. Robust design: Thereisnoon/off latchthat canbeaccidentally

triggered by transients. Instead, the power supply isheldin
the on-state through the secondary side microprocessor.
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Key Application Considerations

TOPSwitch-FX vs. TOPSwitch-II

Table 3 compares the features and performance differences
between TOPSwitch-FX and TOPSwitch-11. Many of the new

features eliminate the need for costly discrete component.

Other featuresincrease the robustness of design allowing cost
savings in the transformer and other power components.

MIN

Function TOPSwitch-ll | TOPSwitch-FX |(Figures| Advantages
Soft-Start N/A* 10 ms * Limits peak current and voltage
component stresses during start-up
» Eliminates external components
used for soft-start in most
applications
* Minimizes output overshoot
External Current Limit [ N/A* Programmable 8, 17, » Smaller transformer
100% to 40% of 18, 21, | « Higher efficiency
default current 22 * Allows tighter power limit
limit during output overload conditions
DC,,.x 67% 78% 4 » Smaller input cap (wider dynamic
range)
» Higher power capability (when used
with RCD clamp for large V)
 Allows use of Schottky secondary
rectifier diode for up to 15 V output
for high efficiency
Line Feed Forward with [ N/A* 78% to 38% 4, 8, 14, « Rejects line ripple
DC,,. Reduction 23 * Increases transient and surge
voltage withstand capability
Line OV Shutdown N/A* Single resistor 8, 14, * Increases voltage withstand cap-
programmable 16, 23 ability against line surge
Line UV Detection N/A* Single resistor 5, 8, 14,| « Prevents auto-restart glitches
programmable 15, 23 during power down
Switching Frequency 100 kHz £10% 132 kHz +7% 10 » Smaller transformer
» Fundamental below 150 kHz for
conducted EMI
Switching Frequency N/A* 66 kHz £7% 11,12 | « Lower losses when using RC and
Option (TO-220 only) RCD snubber for noise reduction in
video applications
« Allows for higher efficiency in
standby mode
» Lower EMI (second harmonic below
150 kHz)
Frequency Jitter N/A* +4 kHz@132 kHz |6, 28 * Reduces conducted EMI
+2 kHz@66 kHz
Cycle Skipping N/A* AtDC,, . (1.5%) 4 » Zero load regulation without dummy

load
Low power consumption at no load

*Not available

Table 3. Comparison Between TOPSwitch-11 and TOPSwitch-FX. (continued on next page)

|
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70 °C hysteresis)

Function TOPSwitch-Il TOPSwitch-FX (Figures|Advantages
Remote ON/OFF N/A* Single transistor 8,19, |« Fast on/off (cycle by cycle)
or optocoupler 20, 21, | = Active-on or active-off control
interface or manual| 22, 23, [+ Low consumption in remote off state
switch 27 * Active-on control for fail-safe
» Eliminates expensive in-line on/off
switch
* Allows processor controlled turn on/
off
» Permits shutdown/wake-up of
peripherals via LAN or parallel port
Synchronization N/A* Single transistor » Synchronization to external lower
or optocoupler frequency signal
interface  Starts new switching cycle on
demand
Thermal Shutdown Latched Hysteretic (with » Automatic recovery from thermal

fault
Large hysteresis prevents circuit
board overheating

Current Limit Tolerance

+10% (@25 °C)
-8% (0 °C t0100 °C)

+7% (@25 °C)
-4% (0 °C to 100 °C)

10% higher power capability due to
tighter tolerance

0.037"/0.94 mm

0.137"/3.48 mm

0.037"/0.94 mm

0.137"/3.48 mm

DRAIN DIP
Creepage at SMD
Package TO-220

0.046"/1.17 mm

0.068"/1.73 mm

Greater immunity to arcing as a
result of build-up of dust, debris and
other contaminants

DRAIN Creepage at
PCB for TO-220

0.045"/1.14 mm

0.113"/2.87 mm
(preformed leads)

Preformed leads accommodate
large creepage for PCB layout

» Easier to meet Safety (UL/VDE)

*Not available

Table 3 (cont). Comparison Between TOPSwitch-11 and TOPSwitch-FX.

TOPSwitch-FX Design Considerations

TOPSwitch-FX Selection

Selecting the optimum TOPSwitch-FX depends upon required
maximum output power, efficiency, heat sinking constraints
and cost goals. With the option to externally reduce current
limit, a larger TOPSwitch-FX may be used for lower power
applicationswhere higher efficiency isneeded or minimal heat
sinking is available.

Input Capacitor

The input capacitor must be chosen to provide the minimum
DCvoltagerequiredfor the TOPSwitch-FX converter tomaintain
regulation at the lowest specified input voltage and maximum
output power. Since TOPSwitch-FX hasahigher DC,,,, than
TOPSwitch-I1,itispossibletouseasmaller input capacitor. For
TOPSwitch-FX, a capacitance of 2 uF per watt is usually
sufficient for universal input with an appropriately designed
transformer.

Primary Clamp and Output Reflected VoltageV .

A primary clamp is necessary to limit the peak TOPSwitch-FX
drain to source voltage. A Zener clamp (see Figure 26, VR1)
requires few parts and takes up little board space. For good
efficiency, theclamp Zener should be selected to beat least 1.5
timesthe output reflected voltage V , asthiskeepsthe |eakage
spike conduction time short. When using aZener clampin a
universal input application, a V. of less than 135 V is
recommended to allow for the absolute tolerances and
temperature variations of the Zener. Thiswill ensure efficient
operation of the clamp circuit and will also keep the maximum
drain voltage below the rated breakdown voltage of the
TOPSwitch-FX MOSFET.

AhighV . isrequiredtotakefull advantageof thewider DC,
of TOPSwitch-FX. An RCD clamp provides tighter clamp
voltage tolerance than aZener clamp and allowsaV  ashigh
as165V. TheV , canbe furtherincreasedin continuousmode
designsup to 185 V by reducing the external current limit asa
function of input line voltage (see Figure 18). The RCD clamp

|


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOP232-234

ismore cost effective than the Zener clamp but requires more
careful design (see quick design checklist).

Output Diode

The output diode is selected for peak inverse voltage, output
current, and thermal conditions in the application (including
heat sinking, air circulation, etc.). The higher DC,,,, of
TOPSwitch-FX along with an appropriate transformer turns
ratio can allow the use of a 60 V Schoktty diode for higher
efficiency onoutput voltagesashighas15V (SeeFigure24. A
12V, 30 W design using a60 V Schottky for the output diode).

Soft-Start

Generally apower supply experiences maximum stress at start-
up before the feedback loop achieves regulation. For a period
of 10 msthe on-chip soft-start linearly increasesthe duty cycle
from zero to the default DC,,,, at turn on, which causes the
primary current and output voltageto risein an orderly manner
allowing time for the feedback loop to take control of the duty
cycle. Thisreducesthestressonthe TOPSwitch-FXMOSFET,
clampcircuitandoutput diode(s), and hel psprevent transformer
saturation during start-up. Also, soft-start limits the amount of
output voltage overshoot, and in many applications eliminates
the need for a soft-finish capacitor.

EMI

Thefrequency jitter feature modul atesthe switching frequency
over anarrow band asameansto reduce conducted EMI peaks
associated with the harmonics of the fundamental switching
frequency. Thisisparticularly beneficial for average detection
mode. AscanbeseeninFigure28, thebenefitsof jitter increase
with the order of the switching harmonic dueto anincreasein
frequency deviation.

The FREQUENCY pin of TOPSwitch-FX offers a switching
frequency option of 132 kHz or 66 kHz. In applications that
require heavy snubbers on the drain node for reducing high
frequency radiated noise (for example, video noise sensitive
applications such asVVCR, DV D, monitor, TV, etc.), operating
at 66 kHz will reduce snubber lossresulting in better efficiency.
Also, in applications where transformer size is not a concern,
use of the 66 kHz option will provide lower EMI and higher
efficiency. Note that the second harmonic of 66 kHz is still
below 150 kHz, above whichthe conducted EMI specifications
get much tighter.

For 10W or below, itispossibletouseasimpleinductor in place
of a more costly AC input common mode choke to meet
worldwide conducted EMI limits.

Transformer Design

Itisrecommended that thetransformer bedesigned for maximum
operating flux density of 3000 gauss and a peak flux density of
4200 gauss at maximum current limit. Theturnsratio should be
chosen for areflected voltage (V) no greater than 135 V when

12

PI-2559-093099

10

Average

Noise Reduction (dB)
(o]

Quasi-Peak

2nd 3rd 4th 5th
Switching Harmonic

(@)

80 T T —TT T
70 TOPSwitch-Il (no jitter)
60
50 S

40 [lf

30 \

2o I I N
‘\L

PI-2576-010600

AV
’

-10

Amplitude (dBuV)

VFG243B (QP)

T B e VF646B (AV)

20 RN |
0.15 1 10 30

Frequency (MHz)
(b)
80 TTTT] N R

70 TOPSwitch-FX (with jitter)
60

PI-2577-010600

-

50 s

30

200N I !

-10

M
AN

Amplitude (dBuV)
&
|’}
%__L_D A
e 0
J4
7
L
[

10 VFG243B (QP)
A0 T T aeeaa, VF646B (AV) |

20 L1111l |
0.15 1 10 30

Frequency (MHz)
(©
Figure 28. (a) Conducted noise improvement for low frequency
harmonicsduetojitter, (b) TOPSwitch-11 full range EMI

scan (100kHz, no jitter), (c) TOPSwitch-FX full range
EMI scan (132 kHz, with jitter) with identical circuitry

|

and conditions.


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOP232-234

Maximize hatched copper

Safety Spacmg ﬁrezis ( ) for optimum
:< .............. ,: eat sinking
5o
+ P | / o 1 l :
! : Output Filte/r Capacitor
HV (Input Filter Capacitor O] i T | 0 f(
> I/ X777 PRI | : iSEC
o] | n | ]
o] 1o
1 /
D I !
] / o] | ¢ || o o) 0
1
1% BAas | m |
l © '
' TOPSwitch-FX I r ! -
1 1
1
TOP VIEW /L:j ' I
Q/v M-T|S¥ § | !
R1 Opt(l)- ::L_’J
COUp er L v
i ' - DC +

Out
P1-2543-092199

Figure 29. Layout Considerations for TOPSwitch-FX using DIP or SMD (Using Line Sensing for Under-\oltage and Overvoltage).
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using a Zener clamp, 165 V when using an RCD clamp and
185V when using RCD clamp with current limit feed forward.

For designswhere operating current issignificantly lower than
thedefault current limit, itisrecommended to usean externally
set current limit close to the operating peak current to reduce
peak flux density and peak power (see Figure 17). In most
applications, thetighter current limit tol erance, higher switching
frequency and soft-start features of TOPSwitch-FX contribute
to asmaller transformer when compared to TOPSwitch-11.

Standby Consumption

Cycleskipping cansignificantly reduce power lossat zeroload,
especialy when aZener clampisused. For very low secondary
power consumptionuseaTL 431 regulator for feedback control.
Alternately, switching losses can be significantly reduced by
switching from 132 kHz in normal operation to 66 kHz under
light load conditions.

TOPSwitch-FX Layout Considerations

Primary Side Connections

Useasingle point (Kelvin) connection at the negative terminal
of the input filter capacitor for TOPSwitch-FX SOURCE pin
and bias winding return. This improves surge capabilities by
returning surge currents from the bias winding directly to the
input filter capacitor.

The CONTROL pin bypasscapacitor should belocated asclose
as possible to the SOURCE and CONTROL pins and its
SOURCE connection trace should not be shared by the main
MOSFET switching currents.

All SOURCE pin referenced components connected to the
MULTI-FUNCTION pin should aso be located close to
SOURCEandMULTI-FUNCTION pinswithdedicated SOURCE
pin connection. The MULTI-FUNCTION pin's trace should be
kept as short as possible and away from the DRAIN trace to
prevent noisecoupling. Linesenseresistor (R1inFigures29and
30) should be located close to the MULTI-FUNCTION pin to
minimize the trace length on the MUL TI-FUNCTION pin side.

Inadditiontothe47uF CONTROL pincapacitor, ahighfrequency
bypasscapacitorinparallel may beusedfor better noiseimmunity.
The feedback optocoupler output should also be located closeto
the CONTROL and SOURCE pins of TOPSwitch-FX.

Y -Capacitor

The Y -capacitor should be connected close to the secondary
output return pin(s) and the primary DC input pin of the
transformer (see Figures 29 and 30).

Heat Sinking
The tab of the Y package (TO-220) is internally electrically
tied to the SOURCE pin. To avoid circulating currents, a heat

sink attached to the tab should not be electrically tied to any
nodes on the PC board.

When using P (DIP-8) or G (SMD-8) packages, a copper area
underneath the package connected to the SOURCE pinswill act
as an effective heat sink.

In addition, sufficient copper area should be provided at the
anode and cathode | eads of the output diode(s) for heat sinking.

Quick Design Checklist

Aswith any power supply design, all TOPSwitch-FX designs
should be verified on the bench to make sure that components
specifications are not exceeded under worst case conditions.
Thefollowing minimum set of testsis strongly recommended:

1. Maximum drain voltage — Verify that peak V. does not
exceed 675V at highestinput voltageand maximumoverload
output power. Maximum overload output power occurs
whentheouputisoverloadedto alevel just beforethe power
supply goesinto auto-restart (loss of regulation).

2. Maximumdraincurrent—At maximumambient temperature,
maximum input voltage and maximum output load, verify
drain current waveforms at start-up for any signs of
transformer saturation and excessive leading edge current
spikes. TOPSwitch-FX hasaleading edge blanking time of
200 ns to prevent premature termination of the on-cycle.
Verify that the leading edge current spike is below the
allowed current limit envel ope (see Figure 33) for thedrain
current waveform at the end of the 200 ns blanking period.

3. Thermal check — At maximum output power, minimum
input voltage and maximum ambient temperature, verify
that temperature specifications are not exceeded for
TOPSwitch-FX, transformer, output diodes and output
capacitors. Enough thermal margin should be allowed for
the part-to-part variation of the Roson) of TOPSwitch-FX as

specified in the data sheet. The margin required can either

be calculated from the tolerances or it can be accounted for
by connecting an external resistance in series with the

DRAIN pin and attached to the same heatsink, having a

resistance value that is equal to the difference between the

measured Roson) of the device under test and theworst case
maximum specification.

Design Tools

1. Technical literature: Data Sheet, Application Notes,
Design Idess, etc.

2. Transformer design spreadshest.

3. Engineering prototype boards.

Up to date information on design tools can be found at Power

|

Integrations Web site: www.powerint.com
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ABSOLUTE MAXIMUM RATINGS®

DRAIN VOItage .....ccoeveieeerireeenenere e -0.3to 700 V Storage TeEMPerature............cceeeveeceerieeceeneenns -65t0 150 °C

DRAIN Peak Current: TOP232 ......ccccocvvevreivniennnnns 0.8A Operating Junction Temperature? ................ -40to 150 °C
TOP233 .o 1.6A Lead Temperature® .........cccoeevveveneneseneseneseneeens 260 °C
TOP234 ..., 24A

CONTROL VOIBGE ... -03tooyv  Notes:

CONTROL CUITENt ..ooooeeeeeeeeeeeeeeeceeeseseseeeeeeeee 100mA 1. All voltages referenced to SOURCE, T, =25 °C.

MULTI-FUNCTION Pin VOItage .........ccooo... -03to9Vv 2. Normally limited by internal circuitry.

FREQUENCY Pin Voltage........cooooovveeeeremeeeree. -03to9Vv 3. 1/16" from casefor 5 seconds.

THERMAL IMPEDANCE

Thermal Impedance: Y Package (6,,)® ............... 70°C/W Notes:
(IS CCI— 2°C/W 1. Freestanding with no heatsink.
P/G Package: 2. Mesaured a the back surface of tab.

(Gl 45 °C/W®:; 35°C/W®@ 3. Soldered to 0.36 5. inch (232 mm), 20z. (610 gmv/n) copper clad.

(0,0 e, 11°C/W 4. Soldered to 1 q. inch (645 mn?), 20z. (610 gm/m?) copper clad.
5. Measured on the SOURCE pin close to plagtic interface.
Conditions
Parameter Symbol (Unless Other_W|se Specified) Min Typ | Max Units
See Figure 34
SOURCE=0V; T,=-401t0 125°C
CONTROL FUNCTIONS

o FREQUENCY Pin
E?’é‘tcmng . | =4mA: | Connected to SOURCE 124 132 140 KHz

i s T =25°C FREQUENCY Pi
average R in
( ge) Connected to CONTRoOL| 615 | 66 | 70.5
Frequency Jitter 132 kHz Operation +4 "

inti Af z
Deviation 66 kHz Operation +2
Frequency Jitter
Modulation Rate f 250 Hz
Maximum Duty e . Ly < oo 75.0 78.0 82.0 %
Cycle MAX c o l,, =190 pA 35.0 | 47.0 57.0
Minimum Duty
Cycle (Prior to DC,,, 0.8 15 2.7 %
Cycle Skipping)
SOft Stal’t T|me tSOFT TJ = 25 OC; DCM|N to DCMAX 10 14 ms
Cp;\é\{r'\]/l lc=4mA; T, =25°C -27 -22 -17 %/mA

| 4
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Parameter

Symbol

Conditions

(Unless Otherwise Specified)

See Figure 34

SOURCE=0V; T,=-401t0 125 °C

Min

Typ

Max Units

CONTROL FUNC

TIONS (cont.)

PWM Gain
Temperature Drift

See Note A

-0.01

%/mA/°C

External Bias
Current

See Figure 4

1.2

1.9

2.8 mA

CONTROL
Current at Start of
Cycle Skipping

T,=25°C

59

7.5 mA

Dynamic
Impedance

l.=4mA; T, =25°C
See Figure 32

10

15

22 Q

Dynamic
Impedance
Temperature Drift

0.18

%/°C

Control Pin
Internal Filter Pole

kHz

SHUTDOWN/AUTO-RESTART

Control Pin
Charging Current

C (CH)

T,=25°C

V.=0V

-5.0

-3.8

-2.6
mA

V.=5V

-3.0

-1.9

-0.8

Charging Current
Temperature Drift

See Note A

0.5

%/°C

Auto-restart Upper
Threshold Voltage

VC(AR)

5.8

Auto-restart Lower
Threshold Voltage

4.5

4.8

51 V

Auto-restart
Hysteresis Voltage

0.8

1.0

Auto-restart Duty
Cycle

Auto-restart
Frequency

1.0

Hz
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See Note B

Conditions
Parameter Symbol (Unless Other_W|se Specified) Min Typ | Max Units
See Figure 34
SOURCE =0V; T,=-40t0 125 °C
MULTI-FUNCTION INPUT
Line Under-Voltage —oc o
Threshold Curre?lt lov T,=25%C 44 S0 >4 HA
Line Over-Voltage
or Remote ON/ Threshold 210 | 225 | 240 HA
OFF Threshold lov T,=25°C
Current and
Hysteresis Hysteresis 10 HA
Remote ON/OFF Threshold -43 -35 -27 HA
Negative Threshold | 1., T,=25°C
Current and _
Hysteresis Hysteresis -7 uA
MULTI-FUNCTION = Ve 00| 400 1 520
Pin Short Circuit I so) v oy Normal Mode -300 | -240 | -180 HA
Current M Auto-restart Mode | -110 -90 -70
l,= 50 pA 200 | 2.60 | 3.00
MULTI-FUNCTION l,= 225 pA 250 | 290 | 3.30 v
Pin Voltage Vi | =-50 uA 125 | 132 | 139
l,, = -150 pA 1.18 | 1.24 | 1.30
Maximum Duty
Cycle Reduction | T =25°C
75 90 110 A
Onset Threshold Moo ’ "
Current
Maximum Duty
Cycle Reduction lu > lwoo 0.30 %/UA
Slope
MULTI-FUNCTION 06 11
Remote OFF Pin Floating : :
DRAIN Supply Voran = 150V MULTI-FUNCTION mA
Current Pin Shorted to 1.0 1.8
CONTROL
From Remote On to Drain Turn-On
T 1.5 2.5 4.0 us
Remote ON Delay RON See Note B
Remote OFF Minimum Time Before Drain
Setup Time Teor Turn-On to Disable Cycle 1.5 25 4.0 us
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Conditions
Parameter Symbol (Unless Other_W|se Specified) Min Typ Max | Units
See Figure 34
SOURCE =0V; T,=-40t0 125 °C
FREQUENCY INPUT
FREQUENCY Pin
Threghold Voltage Ve See Note B Lo} 29 |VerlO v
FREQUENCY Pin _
InpthCurrent e Ve=Ve 10 22 40 nA
CIRCUIT PROTECTION
T(_)P23;2 Internal; di/dt = 100mA/us 0465 | 0500 | 0535
T=25°C See Note C
Current Limit LIMIT T=25°C See Note C 0.930 | 1.000 | 1.070
TOP234 | Internal; di/dt = 300mA/us
T =925 °C 1.395 | 1.500 | 1.605
J See Note C
<85VAC 0.75 x
Initial Current Limit | See Figure 33 |(Rectiied Line Input) | uwrromy A
o T,=25°C 265 VAC 0.6 x
(Rectified Line Input) Ly
Leading Edge _
Blankingg Tir%le e lc =4 mA 200 ns
Current Limit Delay to .= 4 mA 100 ns
Thermal Shutdown 125 135 150 oC
Temperature
Thermal Shutdown 70 oC
Hysteresis
Power-up Reset
Thresholl:():i Voltage VC(RESET) Figure 34, S1 open 2.0 3.3 4.3 \
OUTPUT
TOP232 T,=25°C 15.6 | 18.0
I, =50 mA T,=100 °C 257 | 30.0
ON-State R TOP233 T,=25°C 7.8 9.0 o
Resistance DS(ON) I, =100 mA T,=100°C 12.9 | 15.0
TOP234 T,=25°C 5.2 6.0
I, =150 mA T,=100°C 8.6 | 10.0

7/01
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Conditions
(Unless Otherwise Specified)

Parameter Symbol See Figure 34 Min | Typ | Max Units
SOURCE =0V; T,=-40t0 125 °C
OUTPUT (cont.)
Off-State V,, = Floating; I _ = 4mA
Current bss V. =560V; T, =125°C 150 nA
Breakdown V,, = Floating; | = 4mA
Voltage BVoss |, =100 pA; T, = 25 °C 700 v
Rise
X t ns
Time R Measured in a Typical 100
Flyback Converter Application
Fall
. t 50 ns
Time F
SUPPLY VOLTAGE CHARACTERISTICS
DRAIN Supply See Note D 36 \%
Voltage
Shunt Regulator
Voltage 9 V sHunm l.=4mA 560 | 5.85 | 6.10 \Y
Shunt Regulator 450
. + /°C
Temperature Drift ppm
Output
| MOSFET Enabled 1.0 1.5 2.0
o Vv, =0V
Control Supply/ M mA
Discharge Current Output
oo, MOSFET Disabled 0.3 0.6 1.0
V,=0V

NOTES:

A. For specifications with negative values, a negative temperature coefficient corresponds to an increase in
magnitude with increasing temperature, and a positive temperature coefficient corresponds to a decrease in
magnitude with increasing temperature.

B. Guaranteed by characterization. Not tested in production.

C. For externally adjusted current limit values, please refer to the graph (Current Limit vs. External Current Limit
Resistance) in the Typical Performance Characteristics section.

D. It is possible to start up and operate TOPSwitch-FX at DRAIN voltages well below 36 V. However, the CONTROL

pin charging current is reduced, which affects start-up time, auto-restart frequency, and auto-restart duty cycle.

Refer to the characteristic graph on CONTROL pin charge current (I) vs. DRAIN voltage for low voltage operation

characteristics.
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Figure 31. Duty Cycle Measurement.
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Figure 32. CONTROL Pin |-V Characteristic. Figure 33. Drain Current Operating Envelope.
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NOTES: 1. This test circuit is not applicable for current limit or output characteristic measurements.
2. For P and G packages, short all SOURCE pins together.
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Figure 34. TOPSwitch-FX General Test Circuit.
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BENCH TEST PRECAUTIONS FOR EVALUATION OF ELECTRICAL CHARACTERISTICS

The following precautions should be followed when testing
TOPSWwitch-FX by itself outsideof apower supply. Theschematic
shown in Figure 34 is suggested for laboratory testing of
TOPSwitch-FX.

Whenthe DRAIN pin supply isturned on, the part will beinthe
auto-restart mode. TheCONTROL pinvoltagewill beoscillating
at alow frequency between4.8and 5.8V andthedrainisturned
on every eighth cycle of the CONTROL pin oscillation. If the
CONTROL pin power supply is turned on while in this auto-

Typical Performance Characteristics

restart mode, thereisonly a12.5% chance that the CONTROL
pin oscillation will bein the correct state (drain active state) so
that the continuous drain voltage waveform may be observed.
Itis recommended that the V . power supply be turned on first
and the DRAIN pin power supply second if continuous drain
voltage waveforms are to be observed. The 12.5% chance of
being in the correct state is due to the divide-by-8 counter.
Temporarily shorting the CONTROL pin to the SOURCE pin
will reset TOPSwitch-FX, which then will come up in the
correct state.

CURRENT LIMIT vs. MULTI-FUNCTION
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Typical Performance Characteristics (cont.)

BREAKDOWN vs. TEMPERATURE FREQUENCY vs. TEMPERATURE
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Typical Performance Characteristics (cont.)

MULTI-FUNCTION PIN VOLTAGE
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Typical Performance Characteristics (cont.)

Coss vs. DRAIN VOLTAGE DRAIN CAPACITANCE POWER (132 kHz)
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TO-220-7B

YO7B

400 (10.16)
.146 (3.71) “.415(10.54)" *
156 (3.96)
S 108 (2.74) REF
N
467 (11.86)
487 (12.37)
860 (21.84)
880 (22.35)
| e o e e
l =050 (1.27) BSC
- =150 (3.81) BSC

050 (1.27) —w=| =t
- .050 (1.27)

.050?1.27) 1

.200 (5.08) .180 (4.58)

me | @m

150 (3.81) |#——m|-«—»|.150 (3.81)

MOUNTING HOLE PATTERN

2.

.165 (4.19) |
.185 (4.70)
.045 (1.14)
.055 (1.40)
236‘(5 99)
.260,(6.60)
—— .570 (14.48)
\ REF.
°TYP. 670 (17.02)
REF.
.095 (2.41) — :‘
.115 (2.92)
PIN1&7 [IPIN 4
*‘ L.040 (1.02)
.060 (1.52)
.015 (. 38) . ‘(040 (1.02)
.020 (. 51) o ‘ . .060 (1.52)
.190 (4.83)
.210 (5.33)
Notes:
1. Controlling dimensions are inches. Millimeter

dimensions are shown in parentheses.

Pin locations start with Pin 1, and continue
from left to right when viewed from the front.
Pins 2 and 6 are omitted.

. 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 pack-

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

. Position of the formed leads to be measured

at the mounting plane, .670 inch (17.02 mm)
below the hole center.

. All terminals are solder plated.

PI-2560-033001
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DIP-8B
(@D S].004 (.10) Notes:

E- ’J_‘ ’_L 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.
245 (6.22) 3. Dimens'ions shown do not include'mold flash or other
255 (6.48) ) protrusions. Mold )‘Iash 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 6 is omitted.

Ppnt—-_1 L[ L1 L[ 5. Minimum metal to metal spacing at the package body for
the omitted lead location is .137 inch (3.48 mm).

B .375 (9.53) 6. Lead width measured at package body.
= .385 (9.78) 7. Lead spacing measured with the leads constrained to be
-057 (1.45) perpendicular to plane T.
.063 (1.60)
v (NOTE 6)
.128 (3.25) 0.15 (.38)
132 (3.35) MINIMUM
¥ .
T- :
SEATING 4 ]| .010(25)
PLANE 125 (3.18) [~ 015 (.38)
.135 (3.43)
JJ 7¢ .300 (7.62) BSC
.100 (2.54) BSC —H ‘ - 048 (1.22) ! (NOTE 7) !
014 (.36) 053 (1.35) 300 (7.62) PO8B
= ~022 (56) [®TE[DS.010 (.25) V] ‘ -390 (9.91) ! PI-2551-033001
SMD-8B
! Heat Sink is 2 oz. Copper ! Notes: .
! As Big As Possible ; 1. .Controll|n.g_d|men5|_ons are
! - inches. Millimeter sizes are
-E- I:I I:I : shown in parentheses.
2. Dimensions shown do not
: include mold flash or other
: protrusions. Mold flash or
H protrusions shall not exceed
245 (6.22) 372 (9.45) 1006 (.15) on any side.
.255 (6.48) ) 388 (9.86) 420 3. Pin locations start with Pin 1,
! and continue counter-clock
O .046 .060 .060 .046 Pin 8 when viewed from the
-l : top. Pin 6 is omitted.
:I 4. Minimum metal to metal
-. . spacing at the package body
Eﬁ Hﬁ EH Pin 17+ for the omitted lead location
is .137 inch (3.48 mm).
100 (2.54) (BSC) '08_6185 5. Lead width measured at
286 package body.
R 6. D and E are referenced
[-D- ] ‘ 35732 Egggg ‘ Solder Pad Dimensions datums on the package
body.
i | .057 (1.45)
.128 (3.25) :063 (1.60)
132 (3.35) ' (NOTE 5)
| | :
032 (:81) L L Josazy || t 2004010 | '
037 (94) 053 (1as) T 009(29 004 (.10) 036 (0.91) 08’
.012 (.30) 044 (1.12) G08B

PI1-2546-040501
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2) Corrected spelling.
3) Corrected Storage Temperature 6, and updated nomenclature in parameter table.

Revision | Notes Date
A - 1/00
B 1) Corrected rounding of operating frequency (132/66 kHz). 7/01
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