TNY256
TinySwitch’ Plus

Energy Efficient, Low Power Off-line Switcher

POWER

INTEGRATIONS, INC.

Product Highlights

TinySwitch Plus Features

» Extended power range

» Fully integrated auto-restart reduces short circuit current
* Line under-voltage sense eliminates turn-off glitches

» Frequency jittering dramatically reduces EMI (5to 10 dB)
» TO-220 package option

Lowest Cost, Low Power Switcher Solution

* Lower cost than RCC, discrete PWM and other
integrated/hybrid solutions

» Cost effective replacement for bulky linear adapters

» Lowest component count

»  Simple ON/OFF control —no loop compensation components

* No biaswinding —simpler, lower cost transformer

» Designed to work with low cost external components

Extremely Energy Efficient

» Consumes only 30/60 mW at 115/230 VAC with no load

» MeetsBlue Angel, Energy Star, Energy 2000 and
200mW European cell phone requirements for standby

» Saves$1to $4 per year in energy costs (at $0.12/kWHr)
compared to bulky linear adapters

* Ideal for cellular phone chargers and adapters

High Performance at Low Cost

» High voltage powered —ideal for charger applications
» High bandwidth provides fast turn on with no overshoot
» Current limit operation rejects line frequency ripple
 Built-in current limit and thermal protection

Description

TheTNY 256 extendsthe power range of the TinySwitchfamily
of energy efficient, low power off-line switchers. TinySwitch
devices use a breakthrough design to provide the lowest cost,
high efficiency, off-line switching solution for low power
applications. Theyintegratea700V power MOSFET, oscillator,
high voltage switched current source, current limit and thermal
shutdown circuitry into a single, monolithic device. The
devicesstart-up and operate on power derived fromthe DRAIN
voltage, eliminating theneed for atransformer biaswindingand
associated circuitry. TinySwitch'slow operating current allows
power supply no-load consumption to be kept under 100 mwW,
even at 265 VAC input.
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Figure 1. Typical Sandby Application.

OUTPUT POWER CAPABILITY*

ORDER 230 VAC or 85265
PART |PACKAGE| 115VAC VAC
NUMBER w/Doubler
TNY256P DIP-8
8-15 W 5-10 W
TNY256G | SMD-8
TNY256Y | TO-220-7B 8-19 W 5-11 W

Table 1. * Thelow end of the power ranges shown represent enclosed
adapterswith minimal heat sinking wher eas, the high end of the power
ranges represent open frame power supplies with adequate heat
sinking, both measured at an ambient of 50°C. Pleaserefer tothe Key
Application Considerations section for more details.

TheTinySwitch Plusincorporatesauto-restart, lineunder-voltage
sense, and frequency jittering features. The auto-restart circuit
safely limits output power during fault conditions such as output
short or openloop. Theauto-restart circuit isfully integrated and
does not require externa timing components. The line under-
voltagesensethreshold canbeexternally programmedusingaline
senseresistor. During start-up, thisfeaturekeepsthe TN'Y 256 of f
until the input line voltage reaches the under-voltage threshold.
When the input line voltage is removed, the line under-voltage
circuit prevents auto-restart attempts after the output goes out of
regulation. This eliminates power down glitches caused by the
dow discharge of input storage capacitors present in applications
such as standby supplies. A singleresistor isused to implement
thisfesature, eiminatingwhat normally takesfivetosix components.
Thelinesenseresistorisoptiond. TheTNYY 256 operatingfrequency
of 130kHzisjittered (frequency modulated) to reduceboth quasi-
peak and average EMI, minimizing filtering costs.
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Figure 2. Functional Block Diagram.

Pin Functional Description

DRAIN (D) Pin:
Power MOSFET drain connection. Providesinternal operating
current for both start-up and steady-state operation.

BYPASS (BP) Pin:
Connection point for a0.1 uF external bypass capacitor for the
internally generated 5.8 V supply.

ENABLE/UNDER-VOLTAGE (EN/UV) Pin:
Thispinhasdual functions, enableinput and lineunder-voltage
sense. During normal operation, switching of the power
MOSFET is controlled by this pin. MOSFET switching is
terminated when a current greater than 50 pA is drawn out of
this pin. This pin also senses line under-voltage conditions
through an external resistor connected to the DC line voltage.
If there is no external resistor connected to this pin, TNY 256
detects this and disables the line under-voltage function.

SOURCE (S) Pin:
Power MOSFET source connection. Primary return.
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Figure 3. Pin Configuration.

NO CONNECT (N) Pin
No connection.

C

|



TNY256

TinySwitch Functional Description

TinySwitch combines a high voltage power MOSFET switch
withapower supply controllerinonedevice. Unlikeconventional
PWM (Pulse Width Modulator) controllers, TinySwitch uses a
simple ON/OFF control to regulate the output voltage.

TheTNY 256 controller consistsof an Oscillator, Enable (Sense
and Logic) circuit, 5.8 V Regulator, Bypass pin Under-V oltage
circuit, Over Temperature Protection, Current Limit circuit,
Leading Edge Blanking and a 700 V power MOSFET. The
TNY 256incorporatesadditional circuitry for LineUnder-Voltage
Sense, Auto-Restart and Frequency Jitter. Figure 2 shows the
functional block diagram with the most important features.

Oscillator

Thetypical oscillator frequency isinternally set to an average of
130 kHz. Two signals are generated from the oscillator, the
Maximum Duty Cyclesigna (DC,,,,) and the Clock signal that
indicates the beginning of each cycle.

The TNY 256 oscillator incorporates circuitry that introduces a
small amount of frequency jitter, typically 5 kHz peak-to-peak,
tominimizeEMI emission. Themodul ationrateof thefrequency
jitter (1 kHz) is set to optimize EMI reduction for both average
and quasi-peak emissions. The frequency jitter should be
measured with the oscill oscope triggered at the falling edge of
theDRAIN waveform. ThewaveforminFiguredillustratesthe

frequency jitter of the TNY 256.

Enable Input Circuit

The enable input circuit at the EN/UV pin consists of a low
impedance source follower output set at 1.5 V. The current
through the source follower is limited to 50 pA with 10 pA of
hysteresis. When the current drawn out of the this pin exceeds
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Figure 4. Frequency Jitter.

50 uA, alow logiclevel (disable) isgenerated at the output of
the enable circuit. This output is sampled at the beginning of
each cycle on the rising edge of the clock signal. If high, the
power MOSFET isturnedonfor that cycle(enabled), otherwise
thepower MOSFET remainsoff (disabled). Sincethesampling
is done only at the beginning of each cycle, subsequent
changes in the EN/UV pin voltage or current during the
remainder of the cycle areignored.

Under most operating conditions (except when close to no-
load), the low impedance of the source follower, keeps the
voltageontheEN/UV pinfromgoingmuchbelow 1.5V, inthe
disabled state. This improves the response time of the
optocoupler that is usually connected to this pin.

5.8 V Regulator

The5.8V regulator chargesthe bypass capacitor connected to
theBYPASSpinto5.8V by drawingacurrent fromthevoltage
on the DRAIN, whenever the MOSFET isoff. TheBYPASS
pin is the internal supply voltage node for the TinySwitch.
WhentheM OSFET ison, the TinySwitch runsoff of theenergy
stored in the bypass capacitor. Extremely low power
consumption of theinternal circuitry allowsthe TinySwitchto
operate continuously fromthe current drawn fromthe DRAIN
pin. A bypass capacitor value of 0.1 uF is sufficient for both
high frequency de-coupling and energy storage.

BYPASS Pin Under-Voltage

The BY PASS pin under-voltage circuitry disables the power
MOSFET when the BY PASS pin voltage drops below 5.1 V.
Oncethe BY PASS pin voltage dropsbelow 5.1V, it must rise
back to 5.8 V to enable (turn-on) the power MOSFET.

Over Temperature Protection

The thermal shutdown circuitry senses the die temperature.
Thethresholdisset at 135°C with 70 °C hysteresis. Whenthe
die temperature rises above this threshold (135 °C) the power
MOSFET is disabled and remains disabled until the die
temperature falls by 70 °C, at which point it is re-enabled.

Current Limit

The current limit circuit senses the current in the power
MOSFET. When this current exceeds the internal threshold
(I_,ui7), the power MOSFET isturned off for the remainder of
that cycle.

The leading edge blanking circuit inhibits the current limit
comparator for ashort time(t, ) after the power MOSFET is
turned on. Thisleading edgeblankingtimehasbeen set sothat
current spikes caused by primary-side capacitance and
secondary-side rectifier reverse recovery time will not cause
premature termination of the switching pulse.

Auto-Restart
Intheevent of afault condition such asoutput overload, output
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short, or an open loop condition, TNY 256 enters into auto-
restart operation. Aninternal counter clocked by the oscillator
getsreset every timethe EN/UV pinispulled low. If the EN/
UV pin is not pulled low for 32 ms, the power MOSFET
switching is disabled for 128 ms (except in the case of line
under-voltage condition). The auto-restart alternately enables
and disabl esthe switching of the power MOSFET until thefault
condition is removed. Figure 5 illustrates auto-restart circuit
operation in the presence of atemporary output short.

Intheevent of lineunder-voltage condition, theswitching of the
power MOSFET is disabled beyond its normal 128 ms time
until the line under-voltage condition goes away.

Line Under-Voltage (UVL O) Sense Circuit

The DC line voltage can be monitored by connecting an
externa resistor from the DC line to the EN/UV pin. During
power-up or when the switching of the power MOSFET is
disabled in auto-restart, the current into the EN/UV pin must
exceed 50 pA to initiate switching of the power MOSFET.
During power-up, thisisimplemented by holdingthe BY PASS
pinto 5.1V whiletheline under-voltage condition exists. The
BY PASSpinthenrisesfrom5.1V t05.8V whenthelineunder-
voltage condition goesaway. When the switching of the power
MOSFET is disabled in auto-restart mode and the line under-
voltage condition exists, the counter isstopped. Thisstretches
the disable time beyond its normal 128msuntil the line under-
voltage condition goes away.

The line under-voltage circuit also detects when there is no
external resistor connected to the EN/UV pin. In this casethe
line under-voltage function is disabled.
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Figure5. TNY256 Auto-Restart Operation.

TinySwitch Operation

TinySwitch devices operate in the current limit mode. When
enabled, the oscillator turns the power MOSFET on at the
beginning of each cycle. The MOSFET isturned off when the
current rampsup to thecurrent limit. The maximum on-time of
the MOSFET islimited to DC,,,, by the oscillator. Since the
current limit and frequency of the TNY 256 is constant, the
power deliveredisproportional totheprimary inductanceof the
transformer and isrelatively independent of the input voltage.
Therefore, the design of the power supply involves calculating
the primary inductance of the transformer for the maximum
power required. If the TNY 256 isappropriately chosenfor the
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Figure 6. TNY256 Operation at Heavy Load.
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Figure 7. TNY256 Operation at Light Load.
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Figure 8. TNY256 Power-up With External Resistor (2 M)
Connected to EN/UV Pin.

power level at thel owestinput voltage, thecal cul atedinductance
will ramp up the current to the current limit beforethe DC,
limit is reached.

Enable Function

TNY 256 sensesthe EN/UV pin to determine whether or not to
proceed with the next switch cycle as described earlier. Once
acycleisstarted, it aways completesthe cycle (even when the
EN/UV pin changes state half way through the cycle). This
operation resultsin apower supply whose output voltageripple
is determined by the output capacitor, amount of energy per
switch cycle and the delay of the feedback.

The EN/UV pin signal is generated on the secondary by
comparing the power supply output voltage with a reference
voltage. The EN/UV pin signal ishigh when the power supply
output voltage is less than the reference voltage.

In atypical implementation, the EN/UV pin is driven by an
optocoupler. The collector of the optocoupler transistor is
connected to the EN/UV pin and the emitter is connected to the
SOURCE pin. Theoptocoupler LED isconnectedin serieswith
aZener acrossthe DC output voltageto beregulated. Whenthe
output voltage exceeds the target regulation voltage level
(optocoupler diode voltage drop plus Zener voltage), the
optocoupler diodewill start to conduct, pulling the EN/UV pin
low. The Zener can be replaced by a TL431 device for
improved accuracy.

The EN/UV pin pull-down current threshold is nominally
50 uA, but isset to 40 uA theinstant the threshold is exceeded.
Thisisreset back to 50 uA whenthe EN/UV pull-down current
drops below the current threshold of 40 pA.
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Figure 9. TNY256 Power-up Without External Resistor Connected
to EN/UV Pin.
ON/OFF Control

The internal clock of the TNY 256 runs al the time. At the
beginning of each clock cycle, it samples the EN/UV pin to
decide whether or not to implement a switch cycle. If the
EN/UV pin is high (< 40 uA), then a switching cycle takes
place. If the EN/UV pinislow (greater than 50 uA) then no
switching cycle occurs, and the EN/UV pin status is sampled
again at the start of the subsequent clock cycle.

At full load, TNY 256 will conduct during the majority of its
clock cycles (Figureg). At loads less than full load, it will
“skip” morecyclesinorder to maintainvoltageregul ation at the
secondary output. Atlightload or noload, almost all cycleswill
be skipped (Figure7). A small percentage of cycles will
conduct to support the power consumption of the power supply.

The response time of the TNY 256 ON/OFF control schemeis
very fast comparedto normal PWM control. Thisprovidestight
regulation and excellent transient response.

Power Up/Down

TheTNY 256 requiresonly a0.1 uF capacitor onthe BY PASS
pin. Because of the small size of this capacitor, the power-up
delay iskept to an absolute minimum, typically 0.3 ms. Dueto
the fast nature of the ON/OFF feedback, there is no overshoot
at the power supply output. When an external resistor (2 MQ)
isconnected to the EN/UV pin, the power MOSFET switching
will be delayed during power-up until the DC line voltage
exceeds the threshold (100 V). Figures 8 and 9 illustrate the
power-up timing waveform of TNY 256 in applications with
and without an external resistor (2 MQ) connected to the
EN/UV pin.
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Figure 10. Normal Power-down Timing.

During power-down, when an external resistor is used, the
power MOSFET will switch for 32 ms after the output loses
regulation. The power MOSFET will then remain off without
any glitches since the under-voltage function prohibits restarts
when the line voltageis low.

Figure 10illustratesatypical power-down timing waveform of
TNY 256. Figure1lillustratesavery slow power-downtiming
waveform of TNY 256 asin standby applications. The external
resistor (2 MQ) is connected to the EN/UV pinin this caseto
prevent restarts.

The TNY 256 does not require abiaswinding to provide power
tothechip, becauseit drawsthepower directly fromthe DRAIN
pin (see Functional Description above). This has two main
benefits. First, for a nominal application, this eliminates the
cost of an extra bias winding and associated components.
Secondly, for charger applications, the current-voltage
characteristic often allows the output voltage to fall to low
values while still delivering power. This type of application
normally requires a forward-bias winding which has many
more associ ated components, none of which are necessary with
the TN'YY 256.

Current Limit Operation

Each switching cycle is terminated when the DRAIN current
reaches the current limit of the TNY 256. For agiven primary
inductance and input voltage, the duty cycle is constant.
However, the duty cycle does change inversely with the input
voltage providing “voltage feed-forward” advantages: good
line ripple rejection and relatively constant power delivery
independent of the input voltage.

BYPASS Pin Capacitor
The BYPASS pin uses a small 0.1 puF ceramic capacitor for
decoupling the internal power supply of the TNY 256.
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Figure 11. Sow Power-down Timing with External (2 M)
Resistor Connected to EN/UV Pin.

Application Example

The TNY256 is ideal for low cost, high efficiency power
supplies in a wide range of applications such as PC standby,
cellular phone chargers, AC adapters, motor control, appliance
control and | SDN network termination. The 130kHz operation
allowsthe use of alow cost EE16 core transformer while still
providing good efficiency. The frequency jitter in TNY 256
makesit possibleto useasingleinductor (or two small resistors
if lower efficiency isacceptable) in conjunction with two input
capacitors for input EMI filtering up to the 10W level. The
auto-restart function allows the design to be optimized for
maximum efficiency without consideration for short-circuit
current on the secondary. For applications requiring under-
voltage lockout (UVLO), the TNY256 eliminates several
components and saves cost.

As an example, Figurel?2 shows a 9V, 0.6A, AC adapter
operating from auniversal input range (85-265VAC). TheAC
input isrectified and filtered by D1-D4, C1 and C2 to create a
high voltage DC bus which is connected to T1. Inductor L1
formsapi-filterin conjunctionwith C1and C2. Theresistor R1
damps resonance in inductor L1. The frequency jitter in
TNY 256 allowsit to meet worl dwideconducted EMI standards
using a ssimple pi-filter in combination with a small value
Y 1-capacitor C5 and a shield winding between primary and
secondary windingsinsidetransformer T1. DiodeD5, capacitor
C3 and resistor R3 form an RCD clamp circuit that limits the
turn-off voltage spike to a safe value on the TNY 256 DRAIN

pin.

The secondary winding isrectified and filtered by D6, C6 and
C7 to provide the 9V output. Additional filtering is provided
by L3 and C8. Theoutput voltageisdetermined by the resistor
network R7 and R8. Resistor R9 maintains a bias current
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Figure 12. 5.5 W AC Adapter with Universal Input (85-265 VAC).

through the TL431 voltage reference for proper regulation.
Capacitor C11 bypasses the TL431 response for improved
ripple performance. Resistor R5 determinesthe AC gain of the
circuit.

Key Application Considerations

For the most up to date information visit our Web site
at: www.powerint.com

Design

Output Power
Table 1 showsthepractical maximum continuousoutput power
levels obtainable under following conditions:

1. TheminimumDCinputvoltageis90V or higherfor 85VAC
input or 240 V or higher for 230VAC input or 115 VAC
input with a voltage doubler. This correspondsto afilter
capacitor of 3uF/W for universal input and 1 uF/W for 230
or 115 VAC w/doubler input.

2. A secondary output of 5V with a Schottky rectifier diode.

3. ThePand G packaged parts are board mounted with source
pinssoldered to sufficient areaof copper andtheY packaged
partsare heat sinked sufficiently to keep thedietemperature
at or below 100 °C.

The maximum power capability of TinySwitch in a given
application depends on the thermal environment (sealed
enclosure, ventilated, open frame, etc.,), transformer core size
and design (continuous or discontinuous), efficiency required,
minimum specified input voltage, input storage capacitance,
output voltage, output diode forward drop, etc., and can be
different from the values shown in Table 1.

Audible Noise

At loads other than maximum load, the cycle skipping mode
operation used in TinySwitch can generate audio frequency
componentsinthetransformer. Thiscan causethetransformer
to produce audio noise. Transformer audible noise can be
reduced by using appropriate transformer construction
techniques and decreasing the peak flux density. For more
information on audio suppression techniques, please check the
Application Notessection onour Web siteat www.powerint.com.

Ceramic capacitorsthat use diel ectrics such asZ5U, when used
inclamp and snubber circuits, can al so generate audio noisedue
to electrostriction and piezo-electric effects. If thisisthe case,
replacing them with a capacitor having a different type of
dielectricisthesimplest solution. Polyester film capacitorsand
ceramic capacitors with dielectrics such as NPO or X7R are
good alternatives.

|
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Layout

Single Point Grounding

Useasinglepoint ground connection at the SOURCE pinfor the
BYPASS pin capacitor and the Input Filter Capacitor (see
Figure 13).

Primary Loop Area

The area of the primary loop that connects the input filter
capacitor, transformer primary and TinySwitch together, should
be kept as small as possible.

Primary Clamp Cir cuit

A clamp or snubber circuit isused to minimize peak voltageand
ringing onthe DRAIN pin at turn-off. Thiscan be achieved by
using an RC snubber for less than 3 W or an RCD clamp as
showninFigure13for higher power. A Zener and diode clamp
acrosstheprimary or asingle550 V Zener clamp from DRAIN
to SOURCE can also beused. Inall casescare should betaken
tominimizethecircuit pathfromthesnubber/clamp components
to the transformer and TinySwitch.

Thermal Considerations

Copper underneaththe TinySwitch actsnot only asasinglepoint
ground, but also as a heatsink. The hatched area shown in
Figurel3 should be maximized for good heat-sinking of
TinySwitch and output diode.

EN/UV pin layout optimization

The EN/UV pin connection to the opto-coupler should be kept
to an absolute minimum (lessthan 0.5in.), and this connection
should bekept away fromthe DRAIN pin (minimumof 0.2in.).
These distance limitations are critical only in applications
where an external under-voltage resistor (2 MQ) is not used.

Y -Capacitor

The placement of the Y -capacitor should be directly from the
primary single point ground to the common/return terminal on
the secondary side. Such placement will maximize the EMI
benefit of the Y -capacitor.

Optocoupler

It isimportant to maintain the minimum circuit path from the
optocoupler transistor to the TinySwitch EN/UV and SOURCE
pins to minimize noise coupling.

Output Diode

For best performance, the area of the loop connecting the
secondary winding, the Output Diode and the Output Filter
Capacitor, should be minimized. See Figurel3 for optimized

layout. Inaddition, sufficient copper area should be provided
at the anode and cathode terminals of the diode to adequately
heatsink the diode under output short circuit conditions.

Input and Output Filter Capacitors

There are constrictionsin the traces connected to the input and
output filter capacitors. These constrictionsare present for two
reasons. Thefirstisto forceall the high frequency currentsto
flow through the capacitor (if the trace were wide then it could
flow aroundthecapacitor). Secondly, theconstrictionsminimize
the heat transferred from the TinySwitch to the input filter
capacitor and from the secondary diode to the output filter
capacitor. Thecommon/return (the negative output terminal in
Figurel3) terminal of the output filter capacitor should be
connected with a short, low resistance path to the secondary
winding. In addition, the common/return output connection
shouldbetakendirectly fromthesecondary winding pinand not
from the Y -capacitor connection point.

Output Filter Capacitor

Safety Spacing
Input Filter Capacitor R s
Transformer :
“p /S "N oo o] g
1 :
HV :
> PRI SE

A ¢} o
g fJD
TOP VIEW
;? TinySwitch :O—
Cer w/ Opto- I’J
/i?, coupler :D]
BP S EN/UV '

Maximize hatched copper
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heat sinking

PI-2360-012199

Figure 13. Recommended PC Layout for TinySwitch without Under-Voltage Lock Out Resistor.
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ABSOLUTE MAXIMUM RATINGS®

DRAIN Voltage ......cccooeveieereeieiree
Peak DRAIN Current ..........ccceeeeneerenens
EN/UV Voltage......cccoorvinenienencnenenn
EN/UV CUITENt .......coovvevereeeirieiieeenienns
1. All voltages referenced to SOURCE, T, = 25 °C.
2. Normally limited by internal circuitry.

BYPASSVoltage.....coooveeeerenereeceie
Storage Temperature
Operating Junction Temperature®?
Lead Temperature®
3. 116" from case for 5 seconds.

THERMAL IMPEDANCE

Thermal Impedance: Y Package (6,,)® ............... 70°C/W 1. Freesanding with no heatsink.
(G0N LS 2°C/W 2. Messured a tab dlosest to pladtic interface or source pin.
PIG Package: 3. Soldered to 0.36 sg. inch (232mm?), 20z (610 gm/m?) copper
(CI 45°C/W®; 35°C/W@  clad.
(I 11°C/W 4. Soldered to 1 sq. inch (645mn), 20z. (610 gm/m?) copper clad
Conditions
SOURCE =0V; T,=-40t0 125 °C : .
Parameter Symbol See Figure 14 Min | Typ | Max Units
(Unless Otherwise Specified)
CONTROL FUNCTIONS
Output ¢ T,=25°C Average 115 130 140 "
Frequency osc SeeFigure 4 | peak-Peak Jitter | 3.8 | 50 | 6.2 z
Maximum DC 63 66 69
Duty Cycle MAX S1 Open %
EN/UV Pin Turnoff | T,=-40°Cto 125°C -68 -50 -28
Threshold Current bis T.=125°C 68 | 52 | a1 HA
EN/UV Pin |
Hysteresis Current | " See Note A R B HA
EN/UV Pin Vv lewoy = -25 LA 1.10 1.45 1.80 y
EN
Voltage Iy = 25 HA 1.85 2.70 | 3.25
EN/UV Short- | Vo, =0V, T,=-40 °C to 125 °C -58 -40 -25 A
Circuit Current ENSC V_,u, =0V, T,=125°C 58 45 35 u
VEN/UV = O V i i
I, (MOSFET Not Switching) 170 | 215 A
DRAIN See Note B H
Supply Current EN/UV Open
ls, (MOSFET Switching) 255 300 uA
See Note B, C
lep VBPS: 0 \|<| IJ EZS °C -750 | -5.50 | -3.75 mA
BYPASS Pin ee Note U,
charge Current love Vep =4V, T, 225°C 600 | 410 | 225 | A
See Note D, E

|
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Conditions
Parameter Symbol| SOURCE=0V;T,=-40t0125°C | Min | Typ | Max | Units
See Figure 14
(Unless Otherwise Specified)
CONTROL FUNCTIONS (cont.)
BYPASS Pin Vv
Voltage 5P See Note D 560 | 5.85 | 6.10 Vv
BYPASS
Hysteresis Ve 0.60 | 072 | 0.85 Vv
EN/UV Pin Line
Under-voltage iy T,=25°C 44 50 55 A
Threshold
CIRCUIT PROTECTION
o di/dt = 120 mA/us, T, =25 °C
I = 450 500 550
Current Limit LMIT See Note F mA
Initial Current | See Figure 17 0.65 x mA
1 1 INIT — o
Limit TJ =25°C ILIMIT(MIN)
Leading Edge T,=25°C
Blanking Time fien See Note H 10 2t e
Current lelt t TJ = 25 OC 100 150 ns
Delay o See Note H, |
Thermal Shutdown 125 135 145 °C
Temperature
Thermal Shutdown 70 oc
Hysteresis
OUTPUT
ON-State R | =50 mA T,=28"C 156 | 180
Resi DS(ON) D m — - Q
esistance T,=100°C 25.7 | 30.0
OFF-State IDSS VBP =6.2V, VEN/UV: oV, A
Leakage V=560V, T,=125°C =0 "
Breakdown BV Vep =6.2V, Vi, =0V, 200
Voltage pss I<= 100 uA, T, =25°C v
Rise Time t 50 ns
Measured in a Typical Flyback
Converter Application.
Fall Time t 50 ns

C
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Conditions
Parameter Symbol| SOURCE=0V;T,=-40to 125 °C Min | Typ | Max | Units
See Figure 14
(Unless Otherwise Specified)
OUTPUT (cont.)

DRAIN Supply 50 v
Voltage
CD)gltg)l/Jt ENUV Leniv See Note H 10 us
Output Disable ¢ s
Setup Time DST 0.5 u
Auto-Restart ¢ T, =25°C e
ON-Time AR See Note | 28.9 32.0 35.2
Auto-Restart
Duty Cycle DCe 16 20 24 %

NOTES:
A. Forathreshold with a negative value, negative hysteresis is a decrease in magnitude of the corresponding threshold.

B. Total current consumption is the sum of I, and I .. when EN/UV pin is shorted to ground (MOSFET not switching)
and the sum of I, and I .. when EN/UV pin is open (MOSFET switching).

C. Since the output MOSFET is switching, it is difficult to isolate the switching current from the supply current at the
DRAIN. An alternative is to measure the BYPASS pin current at 6.2 V.

D. BYPASS pin is not intended for sourcing supply current to external circuitry.
E. See typical performance characteristics section for BYPASS pin start-up charging waveform.

F. For current limit at other di/dt values, refer to current limit vs. di/dt curve under typical performance
characteristics.

G. This parameter is derived from characterization.

H. This parameter is derived from the change in current limit measured at 5X and 10X of the di/dt shown in the |
specification.

LIMIT

I. Auto-restart on time has the same temperature characteristics as the oscillator (inversely proportional to
frequency).

E
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470 Q
5W )
AWV oA

j

L‘{[ D EN/UV
S S 2M ——
S S L — 50V
oV —
S ,~BP
0.1uF 150 v

NOTE: This test circuit is not applicable for current limit or output characteristic measurements.

PI-2352-011899

Figure 14. TinySwitch General Test Circuit.

DCmax |
< t2 > (internal signal)
— 1
le—— t1 -« tp —».
HY 55% 20%- : :
EN/UV
DRAIN b= tq : '
VOLTAGE Tty <t :
2 VDRAIN : EN/UV"E
10%
O V ------------------------------------------ t = i
P fOSC
PI1-2048-033001 PI1-2364-012699
Figure 15. TinySwitch Duty Cycle Measurement. Figure 16. TinySwitch Output Enable Timing.

<— t| £ (Blanking Time)

1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
05 |- = = ILmiT(max) @ 25 °C
0.4 | = lumiT(MIN) @ 25°C
0.3
0.2
0.1

PI1-2362-012699

IINIT(MIN)
| |

DRAIN Current (normalized)

0 1 2 3 4 5 6 7 8
Time (s)

Figure 17. Current Limit Envelope.
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Typical Performance Characteristics

BREAKDOWN vs. TEMPERATURE FREQUENCY vs. TEMPERATURE
1.1 g 1.2 2
— /§ 1.0 §
20 1 a - // &
o° [3)
S P g 08
=0 / >
sz g
C§ 1.0 I 06
s D =
o ® /] 3
E g / 5 0.4
8o / o)
@ 0.2
0.9 0
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125
Junction Temperature (°C) Junction Temperature (°C)
CURRENT LIMIT vs. TEMPERATURE CURRENT LIMIT vs. di/dt
1.4 2 1.4 a
12 : ® 1.2 — 13
A:G & 5 //”/ 2
< 10 — _E 10
N =0
=% EQ
E+< 08 308
-3 gs
N [Che]
§E 0.6 = o 0.6
SE =
Oo 04 e 04
£ S
0.2 £02
0.0 0.0
-50 -25 0 25 50 75 100 125 0 240 480 720 960 1200
Temperature (°C) di/dtin mA/s
BYPASS PIN START-UP WAVEFORM OUTPUT CHARACTERISTIC
7 5 600 ‘ ‘ g
6 ” é 500 | Tease=25 °C ,§
Z / & —_ | mme=——— Tease=100 °C / &
o 5 % <
g E 400 pd
S 4 = /
> 8 / “‘
£ 3 / = 300 St
T / 3 / e
g 2 c R
? / 3 200 —
a 1 / 5 / /°
> / al
o 100 /.-

0 0.2 0.4 0.6 0.8 1.0 0 2 4 6 8 10

Time (ms) DRAIN Voltage (V)
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Typical Performance Characteristics (cont.)

Coss vs. DRAIN VOLTAGE DRAIN CAPACITANCE POWER
100 8 100 3
8
S o /
g 10 T
o o
®© =
o 40
z N\ z /
<
g 20
/l
1 0
0 200 400 600 0 200 400 600
DRAIN Voltage (V) DRAIN Voltage (V)

UNDERVOLTAGE THRESHOLD

80 g
— §
— v I
2
)
% 40 — POWer-up*
% == === Power-down at 8 W**
>
-—
a
c [~ * 2 MQ resistor connected to EN/UV pin. 7
** |_oad dependant and determined by the
- level of the device upon entering auto- -
restart.
0 | | | | | | |

40 -20 0 20 40 60 80 100 110
Temperature (°C)
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DIP-8

DIM inches mm

A 0.370-0.385 9.40-9.78
B 0.245-0.255 6.22-6.48
C 0.125-0.135 3.18-3.43
G 0.015-0.040 0.38-1.02
H 0.120-0.135 3.05-3.43
J1 |0.060 (NOM) [ 1.52 (NOM)
J2 | 0.014-0.022 0.36-0.56
K 0.010-0.012 0.25-0.30
L 0.090-0.110 2.29-2.79
M 0.030 (MIN) 0.76 (MIN)
N 0.300-0.320 7.62-8.13
P 0.300-0.390 7.62-9.91
Q 0.300 BSC 7.62BSC

Notes:

1. Package dimensions conform to JEDEC
specification MS-001-AB for standard dual in-line

(DIP) package .300 inch row spacing
(PLASTIC) 8 leads (issue B, 7/85).

w N

. Controlling dimensions are inches.
. Dimensions shown do not include mold flash

or other protrusions. Mold flash or

protrusions shall not exceed .006 (.15) on any

side.

4. D, E and F are reference datums on the molded

body.

-4 & DG .004 (.10)]m

Al e

L"

P1-2076-040501

=

%

5 o

J1 |-

33»‘ |t »‘ ‘¢J4

GO8A -

Q’%‘
o | |-

32~

! Heat Sink is 2 0z. Copper

As Big As Possible

DDD;T

.046 .060 OGQ .046

- |-
-

Pin la:|

.086
.186

.

Solder Pad Dimensions

K
[ .004 (10)] n
H -] L

DIM inches mm
A 0.370-0.385 9.40-9.78
B | 0.245-0.255 6.22-6.48
C | 0.125-0.135 3.18-3.43
G | 0.004-0.012 0.10-0.30
H 0.036-0.044 0.91-1.12
J1 |0.060 (NOM) [ 1.52 (NOM)
J2 | 0.048-0.053 1.22-1.35
J3 | 0.032-0.037 0.81-0.94
J4 | 0.007-0.011 0.18-0.28
K 0.010-0.012 0.25-0.30
L 0.100 BSC 254 BSC
M | 0.030 (MIN) 0.76 (MIN)
P 0.372-0.388 9.45-9.86
o 0-8° 0-8°
Notes:

1.

N

4,

. Controlling dimensions are inches.

Package dimensions conform to JEDEC
specification MS-001-AB (issue B, 7/85)
except for lead shape and size.

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

D, E and F are reference datums on the
molded body.

P1-2077-042601
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TO-220-7B
.400 (10.16)
146 (3.71) ‘W‘ 1
156 (3.96)
\/:\ 108 (2.74) REF
/
467 (11.86)
487 (12.37)
860 (21.84)
880 (22.35)
ena-” | 1! \fgggig;gg
‘ 050 (1.27) BSC
- <150 (3.81) BSC
050 (1.27) —=| |~
- 050 (1.27)
050 (127) g

200 (5.08)

YO7B

? .050 g) | /\

.180 (4.58)

@

.150 (3.81) |¢———|-«——»|.150 (3.81)

MOUNTING HOLE PATTERN

.015 (.38)
1020 (51)

1165 (4.19)
185 (4.70)

.045 (1.14)
.055 (1.40)

.236/(5.99)

:260,(6.60)
/
\

570 (14.48)
REF.

670 (17.02)
REF.

.095 (zﬂ: ‘
115 (2.92)

PIN1&7

7°TYP.

PIN 4

L 040 L02)
‘ 060 (1.52)

‘

| <040 (1.06)
.060 (1.52)

.
I

.190 (4.83)
210 (5.33)

Notes:

1.

2.

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-2560-101599
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Revision | Notes Date
A - 3/99
B 1) TO-220-7B package information added. 8/00
2) 1, minimum increased to 44 U A to reflect production improvements.
c 1) Updated package references. 7/01

2) Corrected spelling.

3) Added Omega symbol (2 MQ on pg. 8).
4) Corrected storage temperature and 6, . and updated nomenclature in parameter table.
5) Corrected spacing and font sizesin figures.

For the latest updates, visit our Web site: www.powerint.com
Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability.
Power Integrations does not assume any liability arising from the use of any device or circuit described herein, nor does it

convey any license under its patent rights or the rights of others.

The PI Logo, TOPSwitch, TinySwitch and EcoSmart are registered trademarks of Power Integrations, Inc.
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