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1. Introduction

WARNING

Lethal voltage and fire ignition hazard

The non-insulated high voltages that are present when operating this product, constitute a

risk of electric shock, personal injury, death and/or ignition of fire.
& & This product is intended for evaluation purposes only. It shall be operated in a designated test

area by personnel qualified according to local requirements and labor laws to work with
non-insulated mains voltages and high-voltage circuits. This product shall never be operated
unattended.

UM10401

The STARplug Mini Switched Mode Power Supply (SMPS) demo board comes in two
versions: a 5 V version and 12 V version. The circuit implemented on this board is
typically suited to low-power adapter applications.

The board has a universal mains input. The total nominal output power is rated at 3 W for
the 5 V version and 5 W for the 12 V version. The flyback circuit is built around the NXP
Semiconductors TEA1521T or TEA1522T STARplug IC. The STARplug Mini demo board
allows customization of the input filtering, snubber circuit, regulation feedback scheme
etc. Small changes in output voltage (up to £20 %) are also supported.

If an alternative transformer is considered, the Printed-Circuit Board (PCB) can generate
virtually any output voltage. These features make the STARplug Mini demo board a highly
versatile and reliable starting point for developing custom low-power boards.

This versatility comes at the cost of PCB space, so the board is not a showcase for
minimal PCB space usage and cannot be looked upon as an end-solution. However, it is
very useful for exploring the STARplug family of IC’s features and functionality during
development of a low-power SMPS final solution.

Refer to the TEA152x and TEA162x data sheets for details on the STARplug devices and
to the STARplug application note ANO0O55 for general application information.

1.1 Features

¢ Universal mains input

* |solated output

* 5V/3W and 12 V/5 W version available as default configurations

¢ Stable regulated voltage

* Highly flexible and easily tuned to meet user requirements

¢ Used with the TEA1520T, TEA1521T and TEA1522T devices (SO14 package)
¢ Highly efficient: 5 V version > 68 %, 12 V version > 79 %

¢ Low standby (no-load) power: < 80 mW

* OverPower Protection (OPP)

* OverTemperature Protection (OTP)

¢ Built-in basic differential mode ElectroMagnetic Interference (EMI) filter.
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2. Safety warning

This demo board is connected to a high AC voltage (up to 276 V). Avoid touching the
demo board during operation. An isolated housing is obligatory when used in
uncontrolled, non-laboratory environments. Galvanic isolation of the mains phase using a
fixed or variable transformer (Variac) is always recommended. These devices are
indicated with the symbols shown in Figure 1

019aab173 019aab174

a. Isolated b. Not isolated

Fig 1. Variac isolation symbols

3. Technical specification

Table 1.  Input specification

Parameter Condition Value Remark

Input voltage - 90 V (AC) to 276 V (AC)  universal mains
Input frequency - 47 Hz to 63 Hz -

Table 2.  Output specification for STARplug Mini

Parameter Condition Value Remark

5 VI3 W configuration

Output voltage 1 - 5V -

Output voltage 1 tolerance load 75% 5% -

Output voltage 1 stability - +5 % over full power range
12 V/5 W configuration

Output voltage 1 - 12V -

Output voltage 1 tolerance load 75% +25% -

Output voltage 1 stability - +4 % over full power range

UM10401 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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4. Performance data

4.1

4.2

UM10401

Output voltage and no-load power consumption

Table 3 shows the no-load power consumption values for the STARplug Mini demo board
default configuration.

Table 3.  No-load output voltage and power consumption

Condition Energy start 2.0 Output voltage 1 (Vo) Power consumption
requirement Py

5 V/3 W configuration

115 V/60 Hz < 300 mwW 5V 75 mW

230 V/50 Hz < 300 mW 5V 75 mW

12 V/5 W configuration

115 V/60 Hz < 300 mW 119V 75 mW

230 V/50 Hz < 300 mW 119V 75 mW

Efficiency performance data

Table 4 shows the efficiency values for the STARplug Mini demo board default
configuration.

Table 4.  Efficiency

Power Energy star |Efficiency (1)

supply requirement |, erage ‘25 % load |50%load |75%load |100 % load
5V/3 W version

115V/60Hz 64.3% 70.2 % 72.6 % 72.6 % 67.1 % 68.3 %
230V/50 Hz 64.3 % 68.7 % 68.3 % 67.8 % 68.4 % 70.4 %

12 V/I5 W version

115V/I60Hz 72.3% 81.6 % 81.1% 82.3% 81.7 % 81.2 %
230V/50Hz 723 % 79.5 % 75.1 % 80.1 % 81.3 % 81.3%

Remark: The warm-up time is 15 minutes and the settle time after load change, is 90 s.
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4.3 ElectroMagnetic Compatibility (EMC) performance data
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Conducted EMC test 5 V/3 W version: Viy =115V (AC); P, =3 W
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Fig 3. Conducted EMC test 5 V/3 W version: V| =230V (AC); P, =3 W
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Fig 4. Conducted EMC test 12 V/5 W version: Viy = 115V (AC); P, =5W
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Fig 5. Conducted EMC test 12 V/5 W version: V;y =230V (AC); P, =5W

Remark: Average and quasi-peak EMC performance of the STARplug Mini demo board
comply with the EN55022 standard.
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5. Board connections

N L oV 5Vv/i2v

019aab897

Fig 6. Demo board connections

Remark: Reversing the Live (J2) and Neutral (J1) connections has no effect on the
operation of the STARplug Mini demo board. Terminals J3 and J4 produce the 5V or 12 V
output voltage (J4 positive with respect to J3).

6. Circuit description

UM10401

6.1

6.2

The default STARplug Mini SMPS demo board comprises a single-phase full-wave
rectifier circuit and sections for filtering, switching, output and feedback. The default
configuration for the STARplug Mini demo board full PCB circuit diagram is shown in
Figure 7. The component list is shown in Table 5.

Rectification section

The single-phase full wave rectifier is realized with a single rectifier bridge component.
Capacitors C1 and C2 function as reservoir capacitors for the rectified input voltage.
Resistor R1 limits the inrush current. This resistor must be a carbon resistor, not a metal
film resistor because it could work as a fuse instead of an inrush current limiter. Terminals
J1 and J2 connect the input to the electricity utility network. For convenience J1 is referred
to as Neutral and J2 as Live. Swapping these two wires has no effect on the operation of
the STARplug Mini converter.

Filtering section

The filtering section consists of a basic IT filter comprising C1, L1 and C2. The filtering
configuration effectively reduces the noise and harmonic content that would otherwise be
injected from the TEA152x switching electronics into the electricity utility network. The
circuitry helps to achieve the EMC performance required by EN55022.
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6.3

6.4

6.5
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Switching section

The switching section uses an NXP Semiconductors STARplug TEA1521T or TEA1522T
IC in a SO14 package. The operating frequency is set using the combination of R2 and
C3. Resistor R5 limits the peak current that can occur in the STARplug internal MOSFET
switch and consequently, in the primary winding of Transformer T1. The current limitation
simultaneously prevents the internal MOSFET switch from being overstressed and
triggers overload protection of the SMSP output. The maximum switch current is given in

Equation 1:

_ 05
IDS(max) - _R—f; (1)

An auxiliary winding on transformer T1 generates the supply voltage for the TEA152x IC.
The voltage from the auxiliary winding is (half-wave) rectified by diode D4. Capacitor C6 is
charged via the current limiting resistor R9. The voltage on C6 is the supply voltage for the
TEA152x VCC pin. The AUX pin of the IC receives information regarding the
magnetization status of transformer T1 via resistor R6.

A snubber circuit that manages the voltage spikes and the associated energy occurring
because of the leakage inductance of the primary winding of transformer T1. It works
using the diode-Zener snubber (D1 and D2). This snubber conserves energy and is EMI
friendly but can also be a more expensive option when compared to an RCD snubber (see

Section 6.2).

Output section

The output section of the STARplug Mini application produces either 5V or 12 V
depending on the demo board version. The output section consists of diode D5,
capacitors C7, C8, C9 and inductor L2. The output section provides a good level of ripple
filtering and noise suppression by using a IT filter configuration.

Feedback section

In the default configuration, the feedback signal is taken directly from the secondary
output voltage (5 V or 12 V). The feedback network on the secondary side consists of
R13, R14, R15, C10, C11 and voltage reference IC3 (a TL431A). Resistors R14 and R15
form a voltage divider and which determines the secondary output voltage. The
programmed output voltage (terminals J3, J4) is calculated using Equation 2.

R14 + R15

R15 @

Vo = VReG*
The factor Vggg comes from the reference voltage of IC3 and for a normal TL431 this
voltage is 2.5 V.

R11 and C12 provide the supply power for the feedback network. R12 functions as a
current limiter for the LED in the optocoupler IC2. The feedback signal crosses the
isolation barrier through optocoupler IC2. On the primary side, the signal is fed to the
TEA1522 REG pin.
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The REG pin is pulled down when the optocoupler is in the off-state by resistor R8. The
noise is filtered and a pole is added with capacitor C5. Zener diode D3 provides protection
if the optocoupler fails (for example, through aging). In this case, Zener diode D3 limits the
output voltage instead of allowing it to rise in an uncontrolled manner.

Refer to the TEA152x data sheet for detailed and accurate information on the STARplug
TEA152x ICs operation and application note AN00055 for STARplug circuits dimensioning
information.

7. Alternative circuit options

UM10401

7.1

7.2

7.3

Alternative snubber circuit

The D1/D2 diode-Zener snubber is a good solution for snubbering the transformer’s
primary winding leakage energy, however, a cheaper RCD solution can be used. The
STARplug Mini demo board has a provision that allows the mounting of an RCD snubber
circuit (D1, C4, R3, R4) instead of a diode-Zener snubber. The “R” part from the RCD is
split in two. Power dissipation and voltage drop is equally divided over the “R” part using
standard (1206-sized) SMD resistors.

The circuit diagram shown in Figure 8 and the component changes in Table 6 show the
STARplug Mini application using an RCD snubber.

Primary feedback

The STARplug Mini demo board allows primary feedback schemes to be implemented in
an isolated SMPS application. The consequence of the primary feedback option that can
be implemented on this board, is that voltage regulation is (much) less accurate. The cost
saving of the primary feedback version is significant.

To have a reasonably good voltage regulation, the magnetic coupling between the
secondary and the auxiliary windings of the transformer is very good. This requirement
could add considerable cost because of the transformer construction.

The circuit diagram shown in Figure 9 and the component changes in Table 7 illustrate the
simplified circuit diagram is and the shortened parts list.

Self-supplied TEA152x

This option enables the TEA152x SMPS IC to generate its own power supply using the
built-in JFET. The advantage of this is that the auxiliary winding of the transformer T1 is
not required, so costs could be saved. The disadvantage of generating the supply voltage
through the built-in JFET is an additional power loss. As a consequence, the high
efficiency figures and low standby figures as shown in Table 3 and Table 4, no longer

apply.

Apart from supplying the STARplug IC’s VCC power, the transformer’s auxiliary winding
also informs the IC’s AUX pin about the magnetization status of the transformer. When the
auxiliary winding is no longer there, an alternative method is required to inform the AUX
pin about the magnetization status of the transformer. This information can be provided
using capacitive coupling.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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The “hot” connections of the respective transformer T1 windings are in phase during
operation. This enables the voltage (or “information”) on the “hot” side of the primary
winding to be used to indicate if the transformer is demagnetized. Creating a capacitive
coupling between the “hot” side of the primary winding and the STARplug IC AUX pin
allows the information to be easily transferred. The impedance of the AUX pin is relatively
high meaning that a small capacitive coupling is enough. To guarantee the AUX pin
voltage is below 100 mV during start-up, pull the pin to ground using a high value resistor
(around 500 k).

The capacitor C14* in Figure 10 acts as the capacitive coupler between the transformer’s
“hot” side and the STARplug IC AUX pin. A typical value for this capacitor is around 2 pF.
The parasitic capacitance created by the PCB layout generally provides sufficient coupling
and usually there is no need to mount an actual C14* component.

To be formally correct, the ~500 kQ2 impedance between the IC AUX pin and GND is split
in two resistor values: R6 and R10. R6 limits the current that can be injected into the AUX
pin through the capacitive coupling (typical value 100 kQ).

Remark: Overcurrent into the AUX pin can damage the IC.

The combination of R6 and R10 builds the impedance that pulls the AUX pin to ground
during start-up (typical value for R10: 390 kQ).

When the STARplug IC is self-supplying using the built-in JFET, Zener diode D3 is not
used because the VCC voltage never rises high enough. In this mode, the protection
circuit described in Section 6.5 is also no longer active.

Remark: A defective or degraded optocoupler IC2 results in an uncontrolled output
voltage(s) increase in the SMPS.

See Table 8 for the component changes involved.

7.4 Simplified secondary feedback

In the default configuration, the secondary feedback uses a TL431 voltage reference IC. A
simpler feedback circuit can be constructed using a Zener diode. This option has a cost
advantage but as a consequence, reduced performance must be tolerated. Figure 11 and
Table 9 show the circuit diagram and the modifications of the parts list.

7.5 Combining options and features

Options and features can be combined as described in Section 7.1 to Section 7.4. Check
any new combination of options and features ensure that the specific combination does
not cause an electrical conflict. If needed, contact NXP Semiconductors application
support for additional application help.
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8. Schematics
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Fig 7. Circuit diagram: default STARplug Mini configuration
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Fig 8. Circuit diagram: STARplug Mini with RCD snubber
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Fig 10. Circuit diagram: STARplug mini self-supply option
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Fig 11. Circuit diagram: STARplug mini with simplified secondary feedback

9. Component list

Table 5.  Default component list: 5 V/3W and 12 V /5 W version

Part Description Package Remarks

reference

IC1 NXP Semiconductors TEA1521T S014 5 VI3 W version
NXP Semiconductors TEA1522T SO14 12 V/5 W version

IC2 Vishay SFH6156-4 SMD-4 -

IC3 NXP Semiconductors TL431AMSDT S0T23 mirrored pinning

BR1 DF08S DIL SMD -

D1 Vishay RS1J DO214-AC -

D2 Vishay BZG03C180 D0O214-AC -

D3 NXP Semiconductors BZX384-C24 SOD323 -

D4 NXP Semiconductors BAS321 SOD323 -

D5 NXP Semiconductors PMEG6010CEJ  SOD323 5 V/3 W version
Vishay 10MQ100NPbF D0O214-AC 12 V/5 W version

D6 NXP Semiconductors BZX384-C3V0 SOD323 not mounted
NXP Semiconductors BZX384-C10 SOD323 not mounted

T1 custom made transformer Wiirth - 5 VI3 W version; Wirth Elektronik number
Elektronik 750871013 750871013
custom made transformer - 12 V/5 W version; Wirth Elektronik number
Wirth Elektronik 750871035 750871035

L1 inductor ELC06D; 1 mH - 22R105C

L2 inductor ELC06D; 10 uH - 22R103C
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Table 5.  Default component list: 5 V/3W and 12 V /5 W version ...continued

Part Description Package Remarks

reference

C1 electrolytic capacitor; 4.7 pF; 400 V 2E pitch; ©10.5 mm 5 V/3 W version
electrolytic capacitor; 10 uF; 400 V 2E pitch; @10.5 mm 12 V/5 W version

Cc2 electrolytic capacitor; 4.7 pF; 400 V 2E pitch; ©10.5 mm 5 V/3 W version
electrolytic capacitor; 10 uF; 400 V 2E pitch; @10.5 mm 12 V/5 W version

C3 330 pF; 50 V 0805 -

Cc4 1 nF; 500 V 1206 not mounted

C5 22 nF; 25V 0805 -

C6 220 nF; 50 V 1206 -

C7 electrolytic capacitor; 220 uF; 10 V 1E pitch; &8 mm 5 V/3 W version
electrolytic capacitor; 220 uF; 16 V 1E pitch; &8 mm 12 V/5 W version

C8 electrolytic capacitor; 220 uF; 10 V 1E pitch; &8 mm 5 V/3 W version
electrolytic capacitor; 220 uF; 16 V 1E pitch; &8 mm 12 V/5 W version

C9 100 nF; 25V 0805 -

C10 5.6 nF; 25V 0805 -

C11 22 nF; 25V 0805 -

C12 100 nF; 25V 0805 -

C13 Y-capacitor; 2.2 nF; 2 kV 4E pitch -

Cl4 2.2 pF; 500 V - not mounted; Section 7.3

R1 47 Q; 0.5 W; carbon 1E pitch mounted upright

R2 7.5kQ 0805 -

R3 47 kQ; 0.5 W 1206 not mounted

R4 47 kQ; 0.5 W 1206 not mounted

R5 1.50;025W 1206 5 VI3 W version
1.00;0.25W 1206 12 V/5 W version

R6 100 kQ 0805 -

R7 22 kQ 0805 not mounted

R8 4.3kQ 0805 -

R9 100 0805 -

R10 390 kQ 0805 not mounted

R11 1 kQ 1206 5 V/3 W version
8.2 kQ 1206 12 V/5 W version

R12 1kQ 0805 -

R13 24 kQ 0805 -

R14 24k 1% 1206 5 V/3 W version
9.1kQ; 1% 1206 12 V/5 W version

R15 24KkQ; 1% 0805 -

J1/J32 2-pole terminal block 2E pitch Phoenix: 1729128

J3/J4 2-pole terminal block 2E pitch Phoenix: 1729128
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Table 6. Component list modification for alternative (RCD) snubber
Part Description Package Remarks
reference
D2 Vishay BZG03C180 DO214-AC not mounted
C4 1 nF; 500 V 1206 -
R3 47 kQ; 0.5 W 1206 -
R4 47 kQ; 0.5 W 1206 -
Table 7. Component list modification for primary feedback
Part ref. Description Package Remarks
IC2 Vishay SFH6156-4 SMD-4 not mounted
IC3 NXP Semiconductors TL4A31AMSDT SOT23 not mounted
D3 NXP Semiconductors BZX384-C24 SOD323 not mounted
C10 5.6 nF; 50 V 0805 not mounted
Cl1 22 nF; 50V 0805 not mounted
C12 100 nF; 50 V 0805 not mounted
R7 22 kQ 0805 -
R11 1 kQ 1206 not mounted
8.2 kQ 1206 not mounted
R12 1 kQ 0805 not mounted
R13 24 kQ 0805 not mounted
R14 24Kk 1% 1206 not mounted
9.1kQ; 1% 1206 not mounted
R15 24KkQ; 1% 0805 not mounted
Table 8. Component list modification for self-supplied TEA152x
Part ref. Description Package Remarks
D3 NXP Semiconductors BZX384-C24 SOD323 not mounted
D4 NXP Semiconductors BAS321 SOD323 not mounted
T1 transformer without auxiliary winding - or cut auxiliary winding on original
transformer
Cl4 2.2 pF; 500 V - no need to mount; see Section 7.3
R9 10Q 0805 not mounted
R10 390 kQ 0805 -
UM10401 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Table 9.  Component list modification for simplified secondary feedback

Part ref. Description Package Remarks

IC3 NXP Semiconductors TL4A31AMSDT SOT23 not mounted

D6 NXP Semiconductors BZX384-C3V0 SOD323 5 VI3 W version
NXP Semiconductors BZX384-C10 SOD323 12 V/5 W version

C10 56nF; 50V 0805 not mounted

c1l 22 nF; 50V 0805 not mounted

C12 100 nF; 50 V 0805 not mounted

R12 0 Q; 0 Q jumper 0805 -

R13 24 kQ 0805 not mounted

R14 24KkQ; 1% 1206 not mounted
9.1kQ; 1% 1206 not mounted

R15 24KkD; 1% 0805 not mounted

10. Printed-Circuit Board (PCB)

UM10401

The STARplug Mini demo board PCB is a single-sided board. The dimensions are
51 mm x 31 mm. The demo boards are produced on 1.6 mm FR4 with single-sided 35 um
copper (1 0z.). FR2 could also be used as the PCB material.

The PCB can accommodate several implementations of the STARplug Mini SMPS as
outlined in Section 6, Section 7, Section 8 and Section 9.

The Gerber file set for the production of the PCBs is available from NXP Semiconductors.
Normally the bottom silk is not used for PCB production - it is only a component position
reference.
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Fig 12. PCB top silk screen
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Fig 13. PCB bottom silk screen
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Fig 15. PCB bottom solder masks (bottom view)
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11. Legal information

STARplug Mini demo board

11.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

11.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product

UM10401

All information provided in this document is subject to legal disclaimers.

design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from national authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express, implied
or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fithess for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be liable
to customer for any special, indirect, consequential, punitive or incidental
damages (including without limitation damages for loss of business, business
interruption, loss of use, loss of data or information, and the like) arising out
the use of or inability to use the product, whether or not based on tort
(including negligence), strict liability, breach of contract, breach of warranty or
any other theory, even if advised of the possibility of such damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors, its
affiliates and their suppliers and customer’s exclusive remedy for all of the
foregoing shall be limited to actual damages incurred by customer based on
reasonable reliance up to the greater of the amount actually paid by customer
for the product or five dollars (US$5.00). The foregoing limitations, exclusions
and disclaimers shall apply to the maximum extent permitted by applicable
law, even if any remedy fails of its essential purpose.

11.3 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

STARplug — is a trademark of NXP B.V.
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