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TinySwitch®
1.5 W AC Adapter
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AC Adapter TNY254 15W 85 - 265 VAC 9V +£5% Flyback

Design Highlights

» Cost competitive with linear solutions

» Lowest component count switching solution

* Universal AC input range

» Ultralow no load power consumption (30/70 mW for
115/230 VAC input)

» Simple, two winding transformer, no tape required

» Low average EMI, no inductive EMI filter components

» Small physical size

Operation

The TinySwitch flyback supply generates a single isolated
output voltage from a universal range AC input. The basic
design can be scaled up to a maximum power of 2 W with a
different transformer design and 3.3 uF input filter capacitors
(C1,C2). Typical applicationsarewall mount AC adaptersand
other applications requiring extremely low system cost and

small size. Thecircuit is designed to replace conventional
linear supplies, offering universal input range, smaller size,
andhighefficiency at acompetitivecost. Another significant
advantage of the TinySwitch solution is that it practically
eliminates energy consumption at zero load. Typical linear
supplies consume 1-4 watts at no load, which translates to
$1-$4 per year in energy cost at arate of $0.12/kWhr.

The example shown below delivers 9 V at 170 mA. Input
voltagerangeis 85-265VAC. Incoming ACis rectified and
filtered by D1-D4, R2, R3, C1, and C2, providing a DC
voltagetopin1of T1. C4isthe TinySwitch bypasscapcitor.

R4 and C3damptheprimary leakage spikeat the TinySwitch
DRAIN pin and also reduce EMI. At this power level, a
simple RC network issufficient for thisfunction. Sincethe
TinySwitchrunsin current limit mode at all timesregardless
of output loading, the worst case leakage spike and the
appropriate values of R4 and C3 required for snubbing are
easily determined.
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Figure 1. TinySwitch 1.5 W Adapter.
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Thelow operating frequency of the TNY 254 (44 kHz), allows
alow cost snubber circuit C3 and R4 to be used in place of a
primary clampcircuit. Inadditiontolimitingthe DRAIN turn
off voltage spike to asafe value, the RC snubber also reduces
EMI by lowering the dv/dt of the DRAIN waveform, which
reducesfiltering requirements. Onfixedfrequency PWM and
RCC circuits use of a snubber will result in an undesirable
fixed AC switching lossthat isindependent of load. The ON/
OFF control on the TinySwitch eliminates this problem by
scaling the effective switching frequency and therefore,
switching loss linearly with load. Thusthe efficiency of the
supply stays relatively constant down to avery low load.

Transformer Parameters

TDK PC40EE13-Z or equiv.
Gap for A of 160 nH/T?

Core Material

Bobbin Custom EE13 10 pin (Sejin)

Primary (1-5), Secondary (6-10)

Winding Order [triple insulated secondary]

Primary Inductance

2.5mH £10% @ 40 kH
(Pins 1-5, all others open) m @ z

Primary Resonant
Frequency
(Pins 1-5, all others open)

The secondary winding of T1 isrectified and filtered by D5,
C6,L2,and C7to provide9V. VR1 and U2 sensethe output
voltage and provide feedback to TinySwitch. The output
voltage is set by the combined voltage drops of Zener diode
VR1 and the LED of U2.

510 kHz minimum

Leakage Inductance
(Pins 1-5, with Pins 6-10
shorted)

102 puH maximum

C1,C2,R2,R3,and Y -capacitor C5provideEMI filteringfor
thepower supply. R1isafusibleresistor for protectionagainst
primary fault conditions. Thisis alow cost dternative to a
fuse, accepted by safety agencies.

Table 1. Transformer Design Parameters.

Key Design Points

e Design transformer for discontinuous mode operation,

with TinySwitch reaching current limit each cycle.

R4 and C3 must be sized to limit maximum DRAIN voltage

tolessthan 650V at high lineinput and full load C3 should

be < 68 pF.

Accuracy of output voltage can be further improved by

placing aresistor acrossthe LED of U2 to provide 1-5 mA

additional bias current to the Zener diode (VR1). This

dlightly increases no load power (15-75 mW).

e Efficiency can be improved by replacing R2 with a
parallelcombination of a 5 mH inductor and a 4.7 kQ
resistor, and R3 by a short.

Inthis circuit, theconverter runsindiscontinuous conduction
mode at the TNY 254 current limit, with afixed on-timefor a
giveninput busvoltage. Instead of controlling the duty factor .
of eachindividual switchingcycle, regulationisaccomplished

by gating the number of switching cycles in a given time
period viathe signal applied to the ENABLE pin. Duetothe .
ON/OFF nature of the TinySwitch control scheme, the current
transfer ratio (CTR) of the optocoupler is not critical, so that

alow cost ungraded device can be used.
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