TOP200-4/14
TOPSwitch® Family

Three-terminal Off-line PWM Switch POWER

INTEGRATIONS, INC.

Product Highlights

Low Cost Replacement for Discrete Switchers

* 20 to 50 fewer components - cuts cost, increases reliability

* Source-connected tab and Controlled MOSFET turn-on
reduce EMI and EMI filter costs

* Allows for a 50% smaller and lighter solution

* Cost competitive with linears above 5 W

Up to 90% Efficiency in Flyback Topology

¢ Built-in start-up and current limit reduce DC losses

« Low capacitance 700 V MOSFET cuts AC losses

*  CMOS controller/gate driver consumes only 6 mW

¢ 70% maximum duty cycle minimizes conduction losses

Simplifies Design - Reduces Time to Market

* Supported by many reference design boards

* Integrated PWM Controller and 700 V MOSFET in a
industry standard three pin TO-220 package

* Only one external capacitor needed for compensation,
bypass and start-up/auto-restart functions

System Level Fault Protection Features

« Auto-restart and cycle by cycle current limiting functions
handle both primary and secondary faults

* On-chip latching thermal shutdown protects the entire
system against overload

Highly Versatile

+ Implements Buck, Boost, Flyback or Forward topalogy
+ Easily interfaces with both opto and primary feedback

« Supports continuous or discontinuous mode of operation

Description

The TOPSwitch family implements, with only three pins, all
functions necessary for an off-line switched mode control
system: high voltage N-channel power MOSFET with controlled
turn-on gate driver, voltage mode PWM controller with
integrated 100 kHz oscillator, high voltage start-up bias circuit,
bandgap derived reference, bias shunt regulator/error amplifier
for loop compensation and fault protection circuitry. Compared
to discrete MOSFET and controller or self oscillating (RCC)
switching converter solutions, a TOPSwitch integrated circuit
can reduce total cost, component count, size, weight and at the
same time increase efficiency and system reliability. These
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Figure 1. Typical Application.

OUTPUT POWER RANGE
ORDER FLYBACK PFC/
R ) e
w/Doubler VAC
TOP200YA* | 0-25W | 0-12W | 0-25W
TOP201YAI" | 2045W |10-22W | 2050 W
TOP202YAI* | 30-60W | 1530 W | 30-75 W
TOP203YAI* | 40-70W |20-35W |50-100 W
TOP214YAI* | 50-85 W |25-42W |60-125 W
TOP204YAI" | 60-100 W | 30-50 W | 75-150 W

* Package Outline: YO3A

devices are intended for 100/110/230 VAC off-line Power
Supply applications in the 0 to 100 W (0 to 50 W universal)
range and 230/277 VAC off-line power factor cotrection (PFC)
applications in the 0 to 150 W range.
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TOP200-4/14

bias current during normal operation. Trigger input for latching
shutdown. Itis also used as the supply bypass and auto-restart/
compensation capacitor connection point.
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Figure 2. Functional Block Diagram.
Pin Functional Description
n DRAIN Pin:
Output MOSFET drain connection. Provides internal bias
current during start-up operation via an internal switched high-
voltage current source. Internal current sense point.
CONTROL Pin: DRAIN
Error amplifier and feedback current input pin for duty cycle O SOURCE (TAB)
control. Internal shunt regulator connection to provide internal CONTROL

PI-1085A-110194

Output MOSFET source connection. Primary-side circuit
common, power return, and reference point.

Figure 3. Pin Configuration,
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TOP200-4/14

TOPSwitch Family Functional Description

TOPSwitchis aself biased and protected
linear control current-to-duty cycle
converter with an open drain output.
High efficiency is achieved through the
use of CMOS and integration of the
maximum number of functions possible.
CMOS significantly reduces bias
currents as compared to bipolar or
discrete solutions. Integration eliminates
external power resistors used for current
sensing and/or supplying initial start-up
bias current.

Auto-restart

[w]
=
>
>

Duty Cycle (%)

During normal operation, the internal DwmiN

Slope = PWM Gain
-16%/mA

1.

output MOSFET duty cycle linearly
decreases with increasing CONTROL
pin current as shown in Figure 4. To

lcp1 25

5
Ic (mA)

PI-1691-112895

implement all the required control, bias,
and protection functions, the DRAIN
and CONTROL pins each perform

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

several functions as described below.
Refer to Figure 2 for a block diagram
and Figure 6 for timing and voltage
waveforms of the TOPSwitch integrated
circuit.

Ic
Charging C
57V T

Control Voltage Supply

CONTROL pin voltage V. is the supply
or bias voltage for the controller and
driver circuitry. An external bypass
capacitor closely connected between the 0
CONTROL and SOURCE pins is
required to supply the gate drive current.
The total amount of capacitance
connected to this pin (C)) also sets the
auto-restart timing as well as control
loop compensation. V. is regulated in
either of two modes of operation.
Hysteretic regulation is used for initial
start-up and overload operation. Shunt
regulation is used to separate the duty
cycle error signal from the control circuit
supply current. During start-up, V.

Off

V
DRAIN IN

Ic
Charging CT

Oft

o illl LR I! LI A I‘Il i

BTN

Switching

_Jop2
lcp1 Discharging CT
Discharging CT

current is supplied from a high-voltage
switched current source connected
internally between the DRAIN and
CONTROL pins. The current source
provides sufficient current to supply the

Switching

(b)

Switching

control circuitry as well as charge the
total external capacitance (C,).

Cy is the total external capacitance
connected to the CONTROL pin

PI-1124A-060694

Figure 5. Start-up Waveforms for (a) Normal Operation and (b) Auto-restart.
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TOP200-4/14

TOPSwitch Family Functional Description (cont.)

The first time V reaches the upper
threshold, the high-voltage current
source is turned off and the PWM
modulator and output transistor are
activated, as shown in Figure 5(a).
During normal operation (when the
output voltage is regulated) feedback
control current supplies the V. supply
current. The shuntregulator keeps V. at
typically 5.7 V by shunting CONTROL
pin feedback current exceeding the
required DC supply current through the
PWM error signal senseresistor R The
low dynamic impedance of this pin (Z.)
sets the gain of the error amplifier when
used in a primary feedback
configuration. The dynamic impedance
of the CONTROL pin together with the
external resistance and capacitance
determines the control loop
compensation of the power system.

If the CONTROL pin external
capacitance (C ) should discharge to the
lower threshold, then the output
MOSFET is turned off and the control
circuitis placed in alow-current standby
mode. The high-voltage current source
is turned on and charges the. external
capacitance again. Charging current is
shown with a negative polarity and
discharging current is shown with a
positive polarity in Figure 6. The
hysteretic auto-restart comparator keeps
V. within a window of typically 4.7 to
5.7V by turning the high-voltage current
source on and off as shown in Figure
5(b). The auto-restart circuithas adivide-
by-8 counter which prevents the output
MOSFET from turning on again unti
eight discharge-charge cycles have
elapsed. The counter effectively limits
TOPSwitch power dissipation by
reducing the auto-restart duty cycle to
typically 5%. Auto-restart continues to
cycle until output voltage regulation is
again achieved.

Bandgap Reference

All critical TOPSwitchinternal voltages
are derived from a temperature-
compensated bandgap reference. This
reference i3 also used to generate a
temperature-compensated current source
which is trimmed to accurately set the
oscillator frequency and MOSFET gate
drive current.

Oscillator

The internal oscillator linearly charges
and discharges the internal capacitance
between two voltage levels to create a
sawtooth waveform for the pulse width
modulator. The oscillator sets the pulse
width modulator/current limit latch at
thebeginning of eachcycle. Thenominal
frequency of 100 kHz was chosen to
minimize EMI and maximize efficiency
inpowersupply applications. Trimming
of the current reference improves
oscillator frequency accuracy.

Pulse Width Modulator

The pulse width modulator implements
a voltage-mode control loop by driving
the output MOSFET with a duty cycle
inversely proportional to the current
flowing into the CONTROL pin. The
error signal across R, is filtered by an
RC network with a typical corner
frequency ot 7 kHz to reduce the effect
of switching noise. The filtered error
signal is compared with the internal
oscillator sawtooth waveformto generate
the duty cycle waveform. As the control
current increases, the duty cycle
decreases. A clock signal from the
oscillator sets a latch which turns on the
output MOSFET. The pulse width
modulator resets the latch, turning off
the output MOSFET. The maximum
duty cycle is set by the symmetry of the
internal oscillator. The modulator has a
minimum ON-time to keep the current
consumption of the TOPSwitch
independent of the error signal. Note
that a2 minimum current must be driven
into the CONTROL pin before the duty
cycle begins to change.

Gate Driver

The gate driver is designed to turn the
output MOSFET on at a controlled rate
to minimize common-mode EMI. The
gate drive current is trimmed for
improved accuracy.

Error Amplifier

The shunt regulator can also perform the
function of an error amplifier in primary
feedback applications. The shunt
regulator voltage is accurately derived
from the temperature compensated
bandgap reference. The gain of the error
amplifier is set by the CONTROL pin
dynamic impedance. The CONTROL
pin clamps external circuit signals to the
V. voltage level. The CONTROL pin
current in excess of the supply current is
separated by the shunt regulator and
flows through R, as the error signal.

Cycle-By-Cycle Current Limit

The cycle by cycle peak drain current
limit circuit uses the output MOSFET
ON-resistance as a sense resistor. A
current limit comparator compares the
output MOSFET ON-state drain-source
voltage, Voo . withathreshold voltage.
High drain current causes Vo, to
exceed the threshold voltage and turns
the output MOSFET off until the start of
the next clock cycle. The current limit
comparator threshold voltage is
temperature compensated to minimize
variation of the effective peak current
limit due to temperature related changes
in output MOSFET R g .-
Theleading edge blanking circuitinhibits
the current limit comparator for a short
time after the output MOSFET is turned
on. The leading edge blanking time has
been set so that current spikes caused by
primary-side capacitances and
secondary-side rectifier reverserecovery
time will not cause premature
termination of the switching pulse.
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Figure 6. Typical Waveforms for (1) Normal Operation, (2) Auto-restart, (3) Latching Shutdown. and (4) Power Down Reset.

Shutdown/Auto-restart

To minimize TOPSwitch power
dissipation, the shutdown/auto-restart
circuit turns the power supply on and off
at a duty cycle of typically 5% 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
becomesregulated, V _regulationreturns
to shunt mode, and normal operation of
the power supply resumes.

Latching Shutdown

The output overvoltage protection latch
is activated by a high-current pulse into
the CONTROL pin. When set, the latch
turns off the TOPSwitch output.
Activating the power-up reset circuit by

removing and restoring input power, or
momentarily pulling the CONTROL pin
below the power-up reset threshold resets
the latch and allows TOPSwitch to
resume normal power supply operation.
V. isregulated in hysteretic mode when
the power supply is latched off.

Overtemperature Protection
Temperature protection is provided by a
precision analog circuit that turns the
output MOSFET off when the junction
temperature exceeds the thermal
shutdown temperature (typically 145°C).
Activating the power-up reset circuit by
removing and restoring input power or
momentarily pulling the CONTROL pin
below the power-upreset threshold resets
the latch and allows TOPSwitch to
resume normal power supply operation.
V. is regulated in hysteretic mode when
the power supply is latched off.

High-voltage Bias Current Source
This current source biases TOPSwitch
from the DRAIN pin and charges the
CONTROL pin external capacitance
(C,) during start-up or hysteretic
operation. Hysteretic operation occurs
during auto-restart and latched
shutdown. The current source is switched
onand off with an effective duty cycle of
approximately 35%. This duty cycle is
determined by the ratio of CONTROL
pin charge (1) and discharge currents
(I, @nd I,,). This current source is
turned off during normal operation when
the output MOSFET is switching.
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TOP200-4/14

General Circuit Operation

Primary Feedback Regulation

The circuit shown in Figure 7 is asimple
5V,5 W bias supply using the TOP200.
This universal input flyback power
supply employs primary-side regulation
from a transformer bias winding. This
approachisbest forlow-costapplications
requiring isolation and operation within
a narrow range of load variation. Line
and load regulation of +5% or better can
be achieved from 10% to 100% of rated
load.

Voltage feedback is obtained from the
transformer (T1) bias winding, which
eliminates the need for optocoupler and

secondary-referenced error amplifier. .

High-voltage DC is applied to the
primary winding of T1. The other side
of the transformer primary is driven by

the integrated high-voltage MOSFET
transistor within the TOP200 (U1). The
circuit operates at aswitching frequency
of 100 kHz, set by the internal oscillator
of the TOP200. The clamp circuit
implemented by VR1 and D1 limits the
leading-edge voltage spike caused by
transformer leakage inductance to asafe
value. The 5 V power secondary winding
is rectified and filtered by D2, C2, C3,
and L1 to create the 5 V output voltage.

The output of the T1 bias winding is
rectified and filtered by D3, R1, and C5.
The voltage across C5 is regulated by
Ul, and is determined by the 5.7 V
internal shunt regulator at the
CONTROL pin of Ul. When the
rectified bias voltage on C5 begins to
exceed the shunt regulator voltage,

current will flow into the control pin.
Increasing control pin current decreases
the duty cycle until a stable operating
point is reached. The output voltage is
proportional to the bias voltage by the
turnsratio of the output to bias windings.
C5 isused to bypass the CONTROL pin.
C5 also provides loop compensation for
the power supply by shunting AC
currents around the CONTROL pin
dynamic impedance, and also determines
the auto-restart frequency during start-
up and auto-restart conditions. See DN-
8 for more information regarding the use
of the TOP200 in bias supplies.

D2 L1
O p 1N5822 (Bead)
: £t ~en +——O5V
: c2 c3
' 330 uF R 150 pF ==
E 25V 25V
H (O RTN
D3
' 1N4148
DC ; : >
INPUT : :
E ! CIRCUIT PERFORMANCE:
' ) Load Regulation - +4%
c5 H : (10% 1o 100%)
47 uF L Line Regulation - +1.5%
R1 95t0 370V DC
Bl ———— Ripple Voltage +25 mV
SOURCE| v 22 Q
CONTROL] hd ‘V‘V‘V
' Ut
TOP200YAL
O
P(-1749-012296

Figure 7. Schematic Diagram of a Minimum Parts Count 5 'V, 5 W Bias Supply Utilizing the TOP200.
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TOP200-4/14

L1
3.3uH

BR1
1
400 V BBuF =
400 V

VR1
PSKE150

D1 NEC2501

UF4005

Q75V

Yv¥y

c3
=120 uF
25V

1N5234B 7
6.2V

|t

[A]

u1
TOP202YAI

DRA it | S —

SOUFi CE | Semmm—
GONTAOL|

g

L C4

T 0.1 uF

(ORTN

CIRCUIT PERFORMANCE:
Line Regulation - 0.5%
(85-265 VAC)

Load Regulation - +1%
(10 -100%)

Ripple Voltage £ 50 mV
Meets CISPR-22 Class B

L C7
™ 1nF
Y1

ST202A REFERENCE DESIGN BOARD

PI-1695-112895

Figure 8. Schemaric Diagram of a 15 W Universal Input Power Supply Utilizing the TOP202 and Simple Optocoupler Feedback.

Simple Optocoupler Feedback

The circuit shown in Figure 8isa7.5V,
15 W secondary regulated flyback power
supply using the TOP202 that will
operate from 85 to 265 VAC input
voltage. Improved output voltage
accuracy and regulation over the circuit
of Figure 7 is achieved by using an
optocoupler and secondary referenced
Zener diode. The general operation of
the power stage of this circuit is the same
as that described for Figure 7.

The input voltage is rectified and filtered
by BRI and C1. L2, C6 and C7 reduce
conducted emission currents. The bias
winding is rectified and filtered by D3
and C4 to create a typical 11 V bias
voltage. Zener diode (VR2) voltage
together with the forward voltage of the
LED in the optocoupler U2 determine
the output voltage. R1, the optocoupler

current transfer ratio, and the TOPSwitch
control current to duty cycle transfer
function set the DC control loop gain.
CStogether with the control pin dynamic
impedance and capacitor ESR establish
a control loop pole-zero pair. C5 also
determines the auto-restart frequency
and filters internal gate drive switching
currents. R2 and VR2 provide minimum
current loading when output current is
low. See DN-11 for more information
regarding the use of the TOP202 in a
low-cost, 15 W universal power supply.

Accurate Optocoupler Feedback

The circuit shown in Figure 91s a highly
accurate, 15 V, 30 W secondary-
regulated flyback power supply that will
operate from 85 to 265 VAC input
voltage. A TL431 shunt regulator
directly senses and accurately regulates
the output voltage. The effective output

voltage can be fine tuned by adjusting
the resistor divider formed by R4 and
R5. Other output voltages are possible
by adjusting the transformer turns ratios
as well as the divider ratio.

The general operation of the input and
power stages of this circuit are the same
as that described for Figures 7 and 8. R3
and C5 tailor frequency response. The
TLA431 (U2)regulates the output voltage
by controlling optocoupler LED current
(and TOPSwitch duty cycle) to maintain
anaverage voltageof 2.5V atthe TL431
input pin. Divider R4 and RS determine
the actual output voltage. C9 rolls off
the high frequency gain of the TL431 for
stable operation. R1 limits optocoupler
LED current and determines high
frequency loop gain. For more
information, refer to application note
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Figure 9. Schematic Diagram of a 30 W Universal Input Power Supply Utilizing the TOP204 and Accurate Optocoupler Feedback.
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Figure 10. Schematic Diagram of a 65 W 230 VAC Input Boost Power Factor Correction Circuit Utilizing the TOP202.
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TOP200-4/14

General Circuit Operation (cont.)

Boost PFC Pre-regulator

TOPSwitch can also be used as a fixed
frequency, discontinuous mode boost
pre-regulator to improve Power Factor
and reduce Total Harmonic Distortion
(THD) for applications such as power
supplies and electronic ballasts. The
circuit shown in Figure 10 operates from
230 VAC and delivers 65 W at410 VDC
with typical Power Factor over 0.98 and
THD of 8%. Bridge Rectifier BR1 full
wave rectifies the AC input voltage. L1,
D1, C4, and TOPSwitch make up the
boost power stage. D2 prevents reverse
current through the TOPSwitch body
diode due to ringing voltages generated

Key Application Issues

Keepthe SOURCE pinlength very short.
Use a Kelvin connection tothe SOURCE
pin for the CONTROL pin bypass
capacitor. Use single point grounding
techniques at the SOURCE pin as shown
in Figure 11.

Minimize peak voltage and ringing on
the DRAIN voltage at turn-off. Use a
Zener or TVS Zener diode to clamp the
DRAIN voltage.

Do not plug the TOPSwitch device into
a “hot” IC socket during test. External
CONTROL pin capacitance may deliver
a surge current sufficient to trigger the
shutdown latch which turns the
TOPSwitch off.

by the boost inductance and parasitic
capacitance. R1 generates a pre-
compensation current proportional to
the instantaneous rectified AC input
voltage which directly varies the duty
cycle. C2 filters high frequency
switching currents while having no
filtering effect on the line frequency pre-
compensation current. R2 decouples
the pre-compensation current from the
large filter capacitor C3 to prevent an
averaging effect which would increase
total harmonic distortion. C1 filters
high frequency noise currents which
could cause errors in the pre-
compensation current.

Under some conditions, externally
provided bias or supply current driven
into the CONTROL pin can hold the
TOPSwitch in one of the 8 auto-restart
cycles indefinitely and prevent starting.
Shorting the CONTROL pin to the
SOURCE pin will reset the TOPSwitch.
Toavoid this problem when doing bench
evaluations, it is recommended that the
V. power supply be turned on before the
DRAIN voltage is applied.

CONTROL pin currents during auto-
restart operation are much lower at low
input voltages (<20 V) which increases
the auto-restart cycle period (see the I,
vs. Drain Voltage Characteristic curve).

When power is first applied, C3 charges
to typically 5.7 volts before TOPSwitch
starts. C3 then provides TOPSwitch
bias current until the output voltage
becomes regulated. When the output
voltage becomes regulated, series
connected Zener diodes VR1 and VR2
begin to conduct, drive current into the
TOPSwitch control pin, and directly
control the duty cycle. C3 together with
R3 perform low pass filtering on the
feedback signal to prevent output line
frequency ripple voltage from varying
the duty cycle. For more information,
refer to Design Note DN-7.

Short interruptions of AC power may
cause TOPSwitch to enter the 8-count
auto-restart cycle before starting again.
This is because the input energy storage
capacitorsare not completely discharged
and the CONTROL pin capacitance has
not discharged below the pin internal
power-up reset voltage.

In some cases, minimum loading may
be necessary to keep a lightly loaded or
unloaded output voltage within the
desired range due to the minimum ON-
time.

For additional applications information
regarding the TOPSwitch family, refer
to AN-14.
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Figure 11, Recommended TOPSwitch Layout.
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TOP200-4/14

DRAIN Voltage . -0.3to 700 V Thermal Impedance (8,,)

Lead Temperature™ ..........cccoooeuimrurcnrirensiccncrecnsneens 260°C T, =25°C.
2. Normally limited by internal circuitry.
3. 1/16" from case for 5 seconds.
4. Measured at tab closest to plastic interface.

CONTROL Voltage ......cc.conevvemreveuincceccnnes -03Vto9V Thermal Impedance (8,.)*
Storage Temperature .........cccoeeevemvcreerereerenens -65 to 125°C
Operating Junction Temperature® ., .-40 to 150°C 1. Unless noted, all voltages referenced to SOURCE,

Conditions
{Unless Otherwise Specified)
Parameter Symbol See Figure 14 Min | Typ | Max Units
SOURCE =0V
T =-40 to 125°C
Qutput B oRe
Frequency fos I,=4mA, T =25C 90 100 | 110 kHz
gﬁt);nél;rcn!e DC, I, =, + 0.5 mA, See Figure 12 64 | 67 | 70 %
Minimum oG l, =10 mA, TOP200/1/2 1.0 1.8 3.0 o
Duty Cycle MN | See Figure 12 TOP203/4/14 10 | 20 | 35
PWM lo=4mA T;=25°C 1| e | -2 %/mA
Gain See Figure 4
'Flzg\rln'\ggg'mre Drift See Note | o0 HImATC
External ! See Figure 4 15 | 25 4 mA
Bias Current & gu ’ '
i l,=4mA, T =25C
%’”:gggce Z, ° v 10 | 15 | 22 Q
p See Figure 13
Dynamic Impedance 1 oLr
Temperature Drift 0-18 #l'C

i 24 | 19 | 12
CONTROL Pin | T —95°C .
Charging Current © i v.-5v| 2 75 | <a
Charging Current »
Temperature Drift See Note 1 0.4 %!"C
Auto-restart
Threshold Voltage | Ve St open 5.7 v
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TOP200-4/14

Parameter

Symbol

UV Lockout

Conditions
(Unless Otherwise Specified)
See Figure 14
SOURCE=0V
T =-40t0 125°C

|

Min

Typ

Max Units

Threshold Voltage St open 47 v
Auto-restart

Hysteresis Voltage St open 06 | 10 v
Auto-restart )
Duty Cycle S1open 5 8 %
Auto-restart S1 open ) N

Frequency

TOP200
, . 0.415 0.585
difdt = 80 mA/us, T = 25°C
TOP201
_ ) 0.830 117
di/dtt = 170 mA/s, T, = 25°C
TOP202
_ . 1.25 1.75
Self—protection | di/dt = 250 mA/us, Ti =25C A
Current Limit i TOP203
_ i 1.50 2.10
di/dt = 330 mA/s, T = 25°C
TOP214
_ ) 1.88 2.63
diidt = 420 mA/us, T, = 25 c
TOP204
, ) 2.25 3.5
di/dt = 500 mA/us, T, = 25°C
Leading Edge
Blankingg Tir%e bies lo = 4 mA 150 ne
gglr;?m Limit e I, =4 mA 100 ns
Thermal Shutdown o
Temperature I=4mA 125 | 145 c
%ﬁgggf&?gﬂ?w” I, See Figure 13 25 | 45 | 75 mA
Power-up Reset | S2 open 20 | 33 | 42 v

Threshold Voltage

C(RESET)
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Parameter

Symbol

Conditions
(Unless Otherwise Specified)
See Figure 14
SOURCE=0V
T =-40to 125°C

Min

Typ

Max

Units

TOP200 T,=25°C 156 | 18.0
I, =50 mA TJ. =100°C 25.7 29.7
TOP201 Ti =25°C 7.8 9.0
Iy = 100 mA TJ. =100°C 12.9 14.9
TOP202 Ti =25°C 5.2 6.0
ON-State R |, = 150 mA T,=100°C 86 | 9.9 o
Resistance PSION TOP203 T,=25°C 39 | 45
I, =200 mA Tj =100°C 6.4 7.5
TOP214 TI =25°C 3.1 3.6
I, =250 mA Tj = 100°C 5.2 6.0
TOP204 Tj =25°C 2.6 3.0
I, =300 mA T,=100°C 4.3 5.0
OFF-State I Device in Latched Shutdown 500 WA
Current 0SS} I,=4mA,V, =560V, T,=125°C
Device in Latched Shutdown
sg?taaléiown BVoss lo=4mA, 1 =500pA, T, =25°C 700 Y
?ii;% tr FiMeasured With | 100 ns
gure 8 Schematic
Measured With
!I:'?nl"lle b Figure 8 Schematic >0 e

SStAaIgeSUpply See Note 2 36 \
Shunt Regulator
Voltage g VC(SHUNT) IC =4 mA 55 5.8 6.1 v
Shunt Regulator .
Temperature Drift 50 ppm/°C
| Output TOP200/1/2 0.6 1.2 1.6
CONTROL Supply/| | MOSFET enabled| TOP203/4/14 | 0.7 | 14 | 18 A
Discharge Current
lope Output MOSFET Disabled 05 | 08 1.1
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TOP200-4/14
NOTES:

1. 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
maghnitude with increasing temperature.

2. ltis possible to start up and operate TOPSwitch at DRAIN voltages well below 36 V. However, the CONTROL
pin charging current is reduced, which affects start-up time and auto-restart frequency and duty cycle. Refer to
the characteristic graph on CONTROL pin charge current (1) vs. DRAIN voltage for low voltage operation
characteristics.

TYPICAL CONTROL PIN |-V CHARACTERISTIC

120 3
z 3
E 100 / g
T
t2 > S g /
5 Latched Shutdown /
[&] Trigger Current (45 mA) /
HV hvown £ 60 L
N
: SN
40 .
DRAIN E Dynamic _ 1 :
VOLTAGE < Impedance ~ Slope > ;
Qo 20 :
o :
OV -rrmmr s T b 0
0 2 4 6 8 10
Paisoeires CONTROL Pin Voltage (V)
Figure 12. TOPSwitch Duty Cycle Measurement. Figure 13. TOPSwitch CONTROL Pin I-V Characterisric.
4702
5W s2
ANV ok
470Q
OA
81 -4
TOPSwitch £ A1 — 40V
01uF —  47uF 2= 0-50V T
NOTE: This test circuit is not applicable for current limit or output characteristic measurements.
PI-1126-041994

Figure 14. TOPSwitch General Test Circuit.

E :
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B TOP200-4/14

The following precautions should be
followed when testing TOPSwitch by
itself outside of a power supply. The
schematic shown in Figure 14 is
suggested for laboratory testing of
TOPSwitch.

When the DRAIN supply is turned on,
the part will be in the auto-restart mode.

The control pin voltage will be oscillating
at alow frequency from4.7t0 5.7 V and
the DRAIN is turned on every eighth
cycle of the CONTROL pin oscillation.
If the CONTROL pin power supply is
turned on while in this auto-restart mode,
there is only a 12.5% chance that the
control pin oscillation will be in the
correct state (DRAIN active state) so

Typical Performance Characteristics

BREAKDOWN vs. TEMPERATURE

that the continuous DRAIN voltage
waveform may be observed. It is
recommended that the V. power supply be
turned on first and the DRAIN 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 8:1 counter.

FREQUENCY vs. TEMPERATURE

1.1 5 12 3
: g
. g _10 8
50 < 8 | *
28 P 5§ 0.8
52 d 22
>g D
g_g 1.0 L §os
o© Y. .é_'g
ZE / £E 04
B2 °z
o 0.2
0.9 0
50 25 0 25 50 75 100 125 150 B0 25 0 25 50 75 100 125 150
Junction Temperature (°C) Junction Temperature (°C)
CURRENT LIMIT vs. TEMPERATURE Ic vs. DRAIN VOLTAGE
1.2 T T
\\ % 2 eoav g
1.0 S z - :
G —— i E 16 i
<
a0 £C
ES 08 at
a= - g 1.2
8 06 €3
g E
59 Z20s
o § 04 Ly [
S g /
o2 04 /
0 0
-50 25 0 25 50 75 100 125 150 0 20 40 60 80 100

Junction Temperature (°C)

Drain Voltage (V)
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TOP200-4/14

Typical Performance Characteristics (cont.)

OUTPUT CHARACTERISTICS Coss vs. DRAIN VOLTAGE
3 E T 8 1000 — <
TCASE=25'C s 18
...... TCASE=100"C ) ¢ . ’:2‘::;?::‘" g
- ¢ = = Tope1s 0.83 7| %
< ~ TOP203 0.67 4
= 2 = g TOP202 0.50
£ ) g TOP201 0.33
e e © \ TOP200 0.17
A 'é‘ .5
s - g 100 )
L4
£ / P Scaling Factors: 8 ‘\
g ! / -1 TOP204 100 | = \
R TOP214 083 < N,
/ d TOP203 0.67 ] oc ~—
A TOP202 0.50 (=]
A TOP201 0.33
’ TOP200 0.17
0 10
0 2 4 [ 8 10 0 200 400 600
Drain Voltage (V) DRAIN Voltage (V)
DRAIN CAPACITANCE POWER
500 3
| Scaling Factors: -g-I
TOP204 1.00 g
400 [— Top214 0.83 A &
TOP203 0.67 /
[ TOP202 0.50
g TOP201 0.33 /
£ 300 |~ TOP200 0.17
3
@
£ 200 /
o
rd
100 Az
7
]
g—_—
¢}
0 200 400 600
DRAIN Voltage (V)

E ..
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PACKAGES

A .460-.480 11.68-12.19 e g ]
B .400-.415 10.16-10.54 t‘—B _>i
c | 236260 | 599660 _ 1 K
D | .240-REF. | 6.10-REF. A Q P
E -520-.560 13.21-14.22 ‘ ¢ + :‘.m:ast::kage dimensions conform to
F .028-.038 71-97 j_ O ft—ny JEDEC specification T0-220 AB for
standard flange mounted, peripheral
G .045-,055 1.14-1.40 lead package; .100 inch lead spacing
(Plastic) 3 leads (issue J, March 1987,
H .090-.110 2.29-2.79 A 2. Cmftrollﬁ-?g cs!imenslons are inches).
3. Pil bers start with Pin 1, and
J -165-.185 4.19-4.70 N i comli::: ;:omrlse:! io riv;ht w:en
-, - i d fi the top.
I: 'g;: 2:’: ;:‘: ;;g _ L xfs;;ner::::nsesh%‘:nn do not include
R - 412, ' | L !<_ mold flash or other protrusions. Moid
flash 1 hall not d
M| oso0 | 3w 5 T s, sl o s
- R 5. Position of terminals to be
N 705-715 1 ;‘:: ;89;6 Y measu:eld ata p:s,::i‘:ns.zg (6.35 mm)
o .146-.156 ,71-3. trom the body.
P 103-113 2.62-2.87 E ! | ({Dﬂu te?ml‘;als are solder plated.
Yy \ i
F ] ] M —p| e
G| e
| 4 |-

P1-1848-050896

A 395 MAX | 10.03 MAX

B .090-.110 2.29-2.79

c .015-.021 0.38-0.53

D 040 TYP 1.02 TYP

E .015-.030 0.38-0.76 Note 5

F 125 MIN 318 MIN

G .015 MIN 0.38 MIN

H .125-.135 3.18-3.43

4 .300-.320 7.62-8.13

K .245-.255 6.22-6.48 —J r»

L .008-.015 0.23-0.38

l<—K——>'

Notes: (3) I
1. Package dimensions conform to JEDEC

specification MS-001-AB for standard duai in-
line (DIP) package .300 inch row spacing
{PLASTIC) 8 leads (issue B, 7/85).

2. Controlling dimensions: inches.

3. Dimensions are for the molded body and do
not include mold flash or other protrusions.
Mold flash or protrusions shall not exceed .010
inch (.25 mm) on any side.

4. These dimensions measured with the leads
to be per to E

=i

i

L/l o—15°\4 Ve

PI1-1842-050196

E :
7/96
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hottom.
5. Pin 1 orientation identified by end notch or
dot adjacent to Pin 1.




PACKAGES

16 13 12 9
A | .780 MAX 19.81 MAX & ﬁ ﬁ M & ﬁ ﬂ
B | .090-.110 2.29-2.79
¢ | .015-.021 .38-.53
D | .040TYP 1.02 TYP Y
E .015-.030 .38-.76
F .125 MIN 3.18 MIN Note 5
[¢] .015 MIN .38 MIN Ij w v W v @ I{i
H .125-.135 3.18-3.43 " P s
J .300-.320 7.62-8.13 - A - J ——]
3) 4)
K | .245-.255 6.22-6.48
L | .000-015 23-38 -—l ’-* D : K@
Notes: -2 ‘ ‘ +
1. Package dimensions conform to JEDEC H
specification MS-001-AA for standard dual in-line +
(DIP) package .300 inch row spacing (PLASTIC) ! i

16 leads (issue B, 7/85). Except for joining of Pins
4-5 and Pins 12-13. 1=
2. Controlling dimension: inches. |

F

\;//‘\L 0-15 "o \/

3. Dimensions are for the molded body and do not
include moid flash or protrusions. Mold flash or
protrusions shall not exceed .01¢ inch {25 mm) on
any side.
4. These dimensions measured with the leads
ined to be dicul k bottam.
5. Pin 1 orientation identified by end notch or dot
adjacent to Pin 1.

m——-l_"
::]

'

Pl-1844-050196

[T
I

0.189-0.197 4.80-5.00
0.050 TYP 1.27 TYP
0.014-0.019 0.35-0.49

0.012 TYP 031 TYP .
0.053-0.069 1.35-1.75 K @
0.004-0.010 0.10-0.25
0.228-0.244 5.80-6.20
0.007-0.010 0.19-0.25
0.021-0.045 0.51-1.14
0.150-0.157 3.80-4.00

XeeIO@mMmooOowm>»

(3)
5 | AN

Notes:
A /

1. Package dimensions conform to JEDEC
specification MS-012-AA for standard small l
autline {SO) package, 8 leads, 3.756 mm
{150 inch) body width (issue A, June 1985).
2. Controlling dimensions are in mm. H M 1
3. Dimensions are for the molded body
and do not include mold flash or

| [}
protrusions. Mold flash ar protrusions | l
shall not exceed .15 mm (.006 inch) on any I "1' ‘l ‘
F

B

side.

4, Pin 1 side identified edge by chamfer on
top of the package body or indent on Pin 1 Co -
end.

Y
1

0-8" TYP.

=

J

P1-1845-050196

: | E
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PACKAGES

.398-.413 10.10-10.50 E H H H H HH é

A
B .050 BSC 1.27 BSC
Cc .014-.018 0.36-0.46
E .093-.104 2.35-2.65 1 (3)
F .004-.012 0.10-0.30 ) N
J | .394-418 | 10.01-10.62 I
L .009-.012 0.23-0.32
M .020-.040 0.51-1,02 ! \
N .291-.299 7.40-7.60 H H H H H H H H
Notes: ! (3) ’
1. Package dimensions conform to JEDEC - A~

specification MS-013-AA for standard small outline
{S0) package, 16 leads, 7.50 mm {.300 inch) body
width (issue A, June 1985). J
2. Controlling dimensions are in mm.

3. Dimensions are for the molded body and do not N
include mold flash or protrusions. Mold flash or

i 7
protrusions shall not exceed .15 mm (.006 inch) on [ t t \ L 1 3
TTEEER s S y
4. Pin 1 side identified by chamfer on top edge of Yttt H—1t
the package body or indent on Pin 1 end. K _>1 \4— A

C > |- B L F 0-8° TYP.

PI-1846-050196

20 17 16 15 14
A | .496-512 12.60-13.00 H E H H H
B | .050BSC 1.27 BSC
C | .014-019 0.35-0.49
E .093-.104 2.35-2.65 1 @
F | .004-012 0.10-0.30 ) N
J .394-.419 | 10.00-10.65 I
L .009-.013 0.23-0.32
M | .016-.050 0.40-1.27
N .291-.299 7.40-7.60
SIS KRR
Notes: A(a)

1. Package dimenslons conform to JEDEC
specification MS-013-AC for standard small
outline (SO) package, 20 leads, 7.50 mm (.300
inch} body width (issue A, June 1985). Except
for joining of Pins 5-6 and Pins 13-14-15.

2. Controlling dimensions are in mm.

3. Dimensions are for the molded body and do
not include mold flash or protrusions. Mold
flash or protrusions shall not exceed .15 mm
(-006 inch) on any side.

4. Pin 1 side identified by chamfer on top edge
of the package body or indent on Pin 1 end.

]L

Pl-1847-050196

B
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Tape & Reel
Ordering Information

INTEGRATIONS, INC.

Power Integrations, Inc. makes selected surface-mount parts
available in tape and reel form for use with automatic pick-and-
place equipment. Tape and reel specifications meet or exceed
industry standard specification EIA-481.

S0-8 12mm 8mm 330mm| 2500

Ordering Information
SO-16 (W)| 16mm 12mm  {360mm| 1000

Parts available in tape and reel form can be ordered by placing
a T&R ordering suffix after the base part number. Standard SO-20 24mm 12mm |360mm| 1000
orientationis Pin 1 Left. The ordering suffix for this orientation
(see Figure 1) is TL.. For example:

Table 1. Primary Tape & Reel Dimensions and Reel Quantities.

Base Part # T&R Suffix
INT100S -TL

Please contact the factory for other options. Minimum order
size is 1 reel per line item, and all orders will be in multiples of
full reel quantities. The quantity per reel for each package type
is shown in Table 1. Power Integrations normal terms and
conditions apply.

User Direction of Feed

Electrical Specifications

Parts are subjected to the Power Integrations standard test flow,
after which the parts are loaded into the tape cavities and sealed
with a cover tape using standard anti-static handling procedures.
The tape and cover are constructed of conductive modified
polystyrene, providing a surface resistivity of <10° {/square.
The reel is made of polystyrene with a topical anti-static
coating, providing a surface resistivity of <10!! Q/square.

Physical Specifications SU1I-=LI=IX

Physical specifications of the tape, cover, and reel are governed
by EIA-481. Physical dimensions of the tapes are given in
Figure 2 and Table 2, and physical dimensions of the reels are
given in Figure 3 and Table 3.

B - Packaging for Shipment
Power Integrations supplies the following information on the

side of each reel for ease of product identification:

« Power ‘Integrations part number (MPN), including
orientation suffix

+ Encapsulation date code (D/C)

* Assembly lot identification (LOT) PI-1784-020596

* Quantity (QTY)

« Tape and reel packing date code (R/D) Figure 1. Part Orientation and Ordering Suffix.

: E
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TAPE & REEL

10 pitches
‘ cumulative

P - tolerance on tape
- |- 0 +0.2 mm
_H lwt ¢ - D - <—P2-> v
T
Top £ A
cover m |
tape + \TJ + |
L JH . AO Lt !
T / ‘ : E,E w
4 [
By f SN O ST
[
¢ N ,!:J
i / Ao~
-
- -ty Embossment . Dy
- K01<- > Center lines
For machine reference only of cavity

including draft and radii User Direction of Feed
congentric around By

Minimum bending radius
Tape and components shall pass
around "R" without damage

Pi-807A-072794

Figure 2. Tape Dimension Index.

Plastic SO-8 12 mm 6.3-6.5 5.1-5.3 8.2 (max) 15186 1.5(min) | 1.65-1.85 | 545555 | 4.5 (max)

Plastic 8O-16 (W) 16 mm 10.8-11.0 | 10.6-10.8 | 12.1 (max) 1.5-1.6 1.5 (min) 1.65-1.85 | 7.40-7.60 | 6.5 (max)

Plastic S0-20 24 mm 10.8-11.0 | 13.2-13.4 |20.1 (max) 1.5-1.6 1.5 (min) | 1.65-1.85 [11.40-11.60} 6.5 (max)

Plastic SO-8 12 mm 2.00-2.20 7.9-8.1 3.9-4.1 1.95-2.05 30 (min) [0.400 (max) | 0.10 (max) | 11.7-12.3

Plastic SO-16 (W) 16 mm 2.90-3.10 | 11.9-12.1 3.9-4.1 1.90-2.10 40 (min) }0.400 {max) | 0.10 (max) | 15.7-16.3

Plastic SO-20 24 mm 2.90-3.10 | 11.9-12.1 3.9-4.1 1.90-2.10 50 {min) [0.400 (max) | 0.10 (max) | 23.7-24.3

Table 2. Tape Dimensions (in mm).

E S
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TAPE & REEL

Access hole
at slot location
40 (min)

Tape slot

in core
for tape start
2.5 (min)
! -
G

{measured at hub)

P1-808-083192

Figure 3. Reel Dimension Index.

Plastic SO-8 12 mm 330 {max) | 1.5(min) [12.80-13.20} 20.2 {(min) | 12.4-14.4 50 (min) | 18.4 (max)
Plastic SO-16 (W) 16 mm 360 {max) | 1.5(min) [12.80-13.20| 20.2 (min) | 16.4-18.4 | 50 (min) |22.4 (max)
Plastic SO-20 24 mm 360 (max) | 1.5 (min) [12.80-13.20| 20.2 (min) | 24.4-26.4 | 50 (min) |30.4 (max)

Table 3. Reel Dimensions (in mm).

c
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