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Abstract
This Application Note provides simple guidelines for creating an efficient AC/DC conversion function using
the TEA152x fly-back controller IC. This document describes the basic operation of a standard fly-back or
Buck converter. Furthermore a general description of TEA152x (STARplug) controller is given.
In this document can also be found a step-by-step design procedure for a fly-back and Buck converter.
Finally, the performance of the small demo board (5V/3W) is included.

© Philips Electronics N.V. 2000
All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.
The information presented in this document does not form part of any quotation or contract, is believed to
be accurate and reliable and may be changed without notice. No liability will be accepted by the publisher
for any consequence of its use. Publication thereof does not convey nor imply any license under patent- or
other industrial or intellectual property rights.
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Summary
The first part of this report contains basic information about the operation of a standard fly-back and Buck
converter. The report continues with a functional description of the STARplug (TEA152x). In this chapter,
the basic operation and features of the STARplug are explained.

The second part covers the application of a standard fly-back and Buck converter in detail. With the "step-
by-step" design procedure, a working application is guaranteed.

The last part of this application note shows the results of the small demo board, a 5V/3W application.
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1 Introduction

This document gives insight into the operation and application of the STARplug fly-back converter. It has
been written for anyone who is interested in this product and fly-back converters.

This introductory chapter describes the contents of this Application Note and the purpose of each chapter.
Every chapter is a piece of information in itself, most of it can be read without going through the previous
chapter(s) first. Specific references to other sections are included which contribute to an even better
comprehension of the subjects.

The first part of this application note is background information about fly-back converters using a
transformer with only one output, the non-isolated Buck converter and especially about the STARplug
itself. The second part illustrates the STARplug reference design.

In Chapter 2 "Fly-back and Buck topology; Theory and Operation" the basic operation of a fly-back
converter is clarified in brief. Since the STARplug is also able to operate in a Buck converter configuration,
this type of topology is highlighted also. More details of the exact operation of fly-back or Buck converters
can readily be found in electronic reference books.

Chapter 3 "Functional Description" serves as background information about the STARplug features in
general.

The actual application design is covered by chapter 4 "General step-by-step design procedure" which
guides you through the design. With this chapter it is easy to realize a successful fly-back or Buck
converter design.

The last chapter highlights the performance of the reference design; a small 5V/3W output voltage supply
for the universal mains.
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2 Fly-back and buck topology; theory and operation

To clarify the operation of the isolated fly-back converter and the non-isolated Buck (Down) converter, the

following paragraph

2.1 Fly-Back Converter

In many applications isolation from the mains is necessary for safety reasons. The fly-back converter does

not need an additional inductive element for mains isolation because the inductor itself can be provided

with an additional winding for that purpose. In comparison with the push-pull and the forward converter the

fly-back converter is the least expensive and the simplest system since it is the sole circuit needing only

one inductive element.

Figure 1 shows a simplified application diagram of an isolated fly-back converter, connected to a supply

and a load. The polarity of some relevant voltages and currents is also included in this diagram. For basic

understanding of the application, V;, and V, should be considered to be DC like. In a practical application, a

MOSFET or Bipolar transistor replaces the switch S1 while a diode replaces the switch S2.

o e bysm o
o +A SN > ~
A+ RV e
Vi
V- Vin L
n + v _l
Cinj+ AT AT~ v
- Cout o
EV81
S1
v_ v v_
o——2— -  m—

Figure 1: Basic fly-back converter

Rload

The circuit is defined by the state of the switches. With two switches there are four modes but not all of

them are applicable. Modes 1 and 2 are the
most important and nearly always present

while mode 3 is only present for discontinuous

conduction mode (mode 4 must be prevented).

The state of the switches in the different modes

is displayed in Table 1.

Operation of the fly-back converter is briefly

Table 1: Table of possible modes

Mode S1 S2 Duration
1 On Off o0
2 Off On 0.1
3 Off Off 63T
4 On On NA

explained on the next page. The figures show the equivalent circuit diagrams for the tree applicable

modes. Simplified waveforms for one complete switching cycle are shown also.

Exact operation can readily be found in electronic reference books.
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Interval 5T & T 8T
Switch 1 Closed Open Open
Switch 2 Open Closed Open
ve 4
Vin
n-V,
Vin
]Rload v N
s1 v,
Vin
Mode 1 (64T)
 O—a b A i A
+A ;
V¢ : :
vin|_ + l 'y il
Cin[+ — ]Rload
C) v -
S1
vV N :
S2 Vo A
Mode 2 (3,T) y y : >
n-1'Vin
—o —
] s
m . Rioad A
v |
Mode 3 (33T 5T & T & T

During the time 6,[T (mode 1) switch S1 is switched on and a current starts to flow through the primary

winding of the transformer. At the moment switch S1 is switched off the secondary switch S2 is closed and

a current starts to flow towards the output. The peak value of this current is equal to the transformers turns

ratio (Ny/Ns) multiplied by the primary peak current at the moment of switching off the switch S1. During the

conduction time of switch S2, the output voltage is reflected to the primary side of the transformer. Mode 3

is entered as soon as the current through switch S2 has decreased to zero.

The mode of operating just described is called "discontinuous conduction mode". The border between

discontinuous conduction mode and continuous conduction mode is reached when the time &0 has

become zero seconds.
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2.2 Buck Converter

Not all applications need to have an output that is isolated from the mains. In this case the Buck (down)
converter is a good alternative. The converter requires only one inductive element in stead of transformer
with (at least) two windings as used in the fly-back converter.

Figure 2 shows a simplified application diagram of the non-isolated Buck converter, connected to a supply
and a load. This converter type will take an unregulated input voltage and produce a lower regulated output

voltage.
O ®
----------- >
A+ |Sl l‘+
Vin Vs1
S1 )¢
Vin + V- <« V52.p
+ '_"'W_ 0O
-1 ls; @— ¥V ¥ 4 &
AT~ v L > A+
Cin dAf :
i 'V, Rload
S2 ' Vs2 T
i v Co y_
o—e—3 — —=°

Figure 2: Basic Buck converter

The polarity of some relevant voltages and currents is also included in this diagram. For basic
understanding of the application, Vin and Vo should be considered to be DC like. In a practical application,
a MOSFET or Bipolar transistor replaces the switch S1 while a diode replaces the switch S2.

The circuit is defined by the state of the switches. With two switches there are four modes but not all of
them are applicable. Modes 1 and 2 are the most important and nearly always present while mode 3 is only
present for discontinuous conduction mode (mode 4 must be prevented). The state of the switches in the
different modes is displayed in Table 2.

Mode S1 S2 Duration
1 On Off O[T
2 Off On O[T
3 Off Off os[T
4 On On NA

Table 2: Table of possible modes

Operation of the fly-back converter is briefly explained on the next page. The figures show the equivalent
circuit diagrams for the tree applicable modes. Simplified waveforms for one complete switching cycle are
shown also.

Exact operation can readily be found in electronic reference books.

10



Philips Semiconductors

TEA152x, Efficient Low Power Application Note
Voltage supply ANO00055
Interval 5, T 5T 5T
Switch 1 Closed Open Open
Switch 2 Open Closed Open
v, A :
x ___
Vin_Vo
¥ >
0 A t
A
\
A
Rioad : VirVo i
. 4 ¥ >
0 : t
Ve, T -
kS
Vin
¥ VOi' >
0 t
A
IS]_ ................. *. ......
e
¥ >
0 t
A
IS2 *. .....
o
' >
0 t
A
I|_ ....................... *.I
P ek
Rload
. ¥ . >
0l >« >« » ot
Mode 3 (35T) 8T 6, T 6, T

During the time &[T (mode 1) switch S1 is switched on and an increasing current starts to flow trough the
inductor towards the output. At the moment switch S1 is switched off, the inductor current flows through the
switch S2. The inductor current decreases due to a negative voltage (V,) across the coil. Mode 3 is entered
as soon as the current through inductor has decreased to zero.

The mode of operating just described is called "discontinuous conduction mode". The border between
discontinuous conduction mode and continuous conduction mode is reached when the time &0 has
become zero seconds.

11
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3 General description

This chapter serves as background information. It describes the features and control mechanism of the
STARplug. Most features can be identified in the simplified block diagram below, figure 3.

vee E Supply E Drain

*) Not implemented
in the TEA152xAIM s
.

versions

Logic

2 ﬂ
Shutdo wn g eroba

rotecion
Stop ‘ Logic Blank

RC E Osc.

. - - E e
Power -up
Low Freq. Reset +

Overcu rrent * S
F -
- +

Y Shor twinding

Reg }X{ + » = %—E Aux

Figure 3: STARplug block diagram

3.1 Start-up and under voltage lockout

The start-up is realized with an accurate high voltage start-up current source instead of a dissipative
bleeder resistor as commonly used by low voltage control ICs. When the voltage on the drain pin is high
enough, a start-up current will flow towards the Vcc pin. The STARplug starts switching as soon as the
voltage on the Vcc pin passes the Vec.gtart l€Vel.

The supply drawn from the drain pin of the IC is, for high efficiency operation, stopt and taken over by the
auxillary winding of the transformer as soon as the Vcc voltage is high enough.

When for some reason the auxillary supply is not sufficient, the internal high voltage supply will also supply
the IC. As soon as the voltage on the Vcc pin drops below the Vyyi o level, the IC will stop switching and
will restart from the rectified mains voltage.

3.2 Power MOS transistor

The STARplug has an on-board power switch. The switch is capable to withstand 650V on the drain. The
devices are not avalanche rugged, thus sufficient measures need to be taken to prevent a breakdown of
the device. The on-state resistance (Rys.0n) Of the MOS transistor depends on the type of STARplug that is
chosen. See the specification for detailed information.

12
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3.3 Oscillator

A parallel connection of a capacitor and a resistor to the RC pin set the switching frequency of the
STARplug. The capacitor is charged rapidly to the Vrc.max l€Vel and, starting from a new primary stroke, it
will be dischaged by the resitor to the Vrc.min level. At the moment the Vge.min level has been reached, the
capacitor is charged again. The switching frequency is calculated with equation 1.

VRC—max \

— =t Equ. 1

SW

charge

+ROSC |]:OSC mrl(

RC-min

The frequency is reduced as soon as the switching duty cycle drops be low a certain value. The reduction
in frequency is accomplished by increasing the oscillator's charge time.

3.4 Control mechanism

The STARplug uses voltage mode control. The conduction time of the internal MOS transistor is modulated
and thus also the primary peak current through the transformer (= converted power). This method of

RC

X

Rosc Cosc —
:l: PWM

, 25V > .
—>
/_\ A=10x .
lreg \_/J Vreg_intern
Rreg Reg

Figure 4: STARplug regulation mechanism

controlling the primary peak current is called Pulse Width Modulation (PWM). The implementation is shown
in figure 4.

3.4.1 PWM Control

The internal regulation voltage (Vreg_intern) is equal to the difference between the external regulation
voltage and the internal voltage source (2.5V) multiplied by a factor 10. This internal regulation voltage is
compared with the voltage of the A i

VRC

oscillator. As soon as the oscillator
Low Power

voltage is lower than the internal :
regulation voltage, the power MOS \

transistor is turned off. The higher the

Vreg_intern

external regulation voltage, the lower the High Power

conduction time of the MOST transistor. \
: =

Figure 5 visualizes this mechanism of :
@) {,n (low power)
controlling the MOST's conduction time. &————————> {,n(high power)

Figure 5: Regulation mechanism
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3.4.2 Maximum duty cycle

The power MOS transistor will always be switched off as soon as the oscillator voltage is decreased below
the Vre.pmax level (typical 140mV). The maximum conduction time of the power MOS transistor is
calculated with equation 2.

A
ton—max = Rosc II:osc Dln( — Equ. 2

RC-Dmax

3.4.3 Minimum duty cycle

The minimum duty cycle is equal to 0%. This is achieved when the internal regulation voltage is equal to
(or higher than) the maximum oscillator voltage. In this case the power MOS transistor is not switched on.

3.4.4 Advantage exponential oscillator

The use of an exponential oscillator has the advantage that the relative sensitivity of the duty cycle to the
regulation voltage at low duty cycles, is almost equal to the relative sensitivity at high duty cycles. This
results in a more constant gain over the duty cycle range compared to a PWM system with a linear
sawtooth oscillator.

A small variation in the regulation

. . A
voltage, see Figure 6, results in a Vre v
variation of the MOS transistor's V. a— Vreainem
conduction time. This variation is smaller *AV

at low duty cycle levels than at high duty
cycle levels. For a sawtooth oscillator,

the variation is equal over the full duty v av
cycle range. ! 't
The variation in the conduction time of i At > ‘ At

the MOS transistor results in a variation  Figure 6: Regulation mechanism

of transferred power. For an exponential

oscillator the variation in transferred power, at a low duty cycle level, is lower with respect to the linear
oscillator. This guarantees stable operation at low duty cycle levels.

3.5 De-magnetisation

The STARplug will allways operate in discontinous conduction mode.
The auxiliary winding of the transformer is connected to the STARplug's AUX pin via a resistor. Via the two
anti parallel diodes, a current will flow into (or out of) the AUX pin. Whether this current flows into, or out of

Aux

Logic

Stop

RC &7 Osc. [

Low Freq.

Figure 7: Demag circuit
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the AUX pin depend on the transformer's auxilairy winding voltage.

As long as the secondairy diode is conducting, the voltage of the auxiliary winding is positive. This injects a
current in the AUX pin. As a result, the AUX pin voltage is clamped to a positive diode voltage. As long as
the AUX-pin voltage is higher than 100mV, the oscillator will not start a new primary stroke.
Demagnetisation recognition is suppressed during the ts,,, time. This time start at the moment of switching
off the intergrated power MOS transistor. Specially for application with low output voltages and
transformers with a large leakage induction, this might be necessary to prevent a false demagnetisation
detection. The tg,,r time starts at the moment of switching off the power MOS transistor.

3.6 Valley switching

In order to increase the efficiency of a STARplug converter, dedicated valley switching circuitry is build in.

N P
'./\Q.A’..W./\_./\_/\_ |
D> P Y

Logic

Stop

RC &— Osc.

Low Freq.

[EERER]

Secondary Free
stroke. ringing

Figure 8: Valley switch circuit

Minimizing the power MOS transistor's switch-on losses increases the efficiency of the converter. See both
Figures 8 and 9. When the internal power MOS transistor is switched-on, a new primary stroke is started.
After a certain time, determined by the oscillator voltage (Vrc) and the internal regulation voltage
(Vreg_intern), the power switch is turned off (see paragraph
—§ o PWM Control). At this moment, the secondary stroke is
started. The duration of the secondary stroke is determined

Drai
S by the energy stored in the transformer and the output
voltage. The STARplug detects the secondary stroke with the
—{>—| a cpar De-magnetization function. Due to the primary transformer's
T inductance and a parasitic capacitance on the drain pin, the
Rsrc f - 1
ringing Equ. 3
1 2[& ]/Lp B[Ipar q
i : in pi — 1 2 Equ. 4
Figure 9: Components at the drain pin  tcheon = 5 mpar wDrain Switching q

voltage on the drain pin shows an oscillation. The frequency of this oscillation is calculated with equation 3.
As soon as the oscillator is ready (Vrc=Vrc.max) @nd the secondary stroke has ended (Vax<100mV), the
oscillator waits for a low drain voltage before a new primary stroke is started. The voltage, the value of the
parasitic capacitor and the switching frequency determine the switch-on losses (see equation 4)

15
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Actually, the power MOS transistor can be 0

h
switched on just before the actual valley (at low Td:;)e ‘

ringing frequencies) or just after it at high
ringing frequencies. For a fly-back application
with a reflected output voltage (nVout) of 80

Volt, a typical curve is drawn in figure 10.

The figure shows that for a ringing frequency of
480 kHz, the power MOS transistor is switched-
on exactly in the valley, thus at the minimum

drain voltage. This reduces the switch-on T - w 0 0 o0 0 o0
Ringing frequency (kHz)

losses to its minimum. At a ringing frequency of ) ) .
Figure 10: Typical switch-on angle (@ nVout=80V)

200 kHz the MOS transistor is switched-on at
about 33° before the actual valley. Still the switch-on losses are reduced significantly.

The valley-switching feature is disabled for STARplug types in a DBS9P envelope (TEA152xAJM version).

3.7 Current protections

Via the external source resistor, the current through the internal power MOS transistor is converted into a
voltage and supplied to two comperators. With these two comperators two type of current protections are
implemented in the STARplug. Both protections will be discussed in the following two paragraphs.

3.7.1 Over current protection (OCP))

Cycle by cycle, the voltage on the source pin is measured and compared to the Vg.max max level.

The power MOS transistor is switched off as soon the voltage on the source pin exceeds the V.max level
(typical 0.5V). To prevent a false OCP detection at switching on the power MOS transistor, the comperator
is disabled during the t gg time (typical 350ns)

3.7.2 Short Winding Protection (SWP)

If for some reason (i.e. short circuit of the output diode) the voltage on the source pin exceeds the Vsywp
level, the circuit will stop switching. Only a power-on reset will restart the STARplug to normal operation. Of
course, to prevent a false detection also this comperator is disabled for the first t_gg time.

| 1
I L |
Protection J—

Logic Blank
Source
o’ .
0.5Vv
Overcurrent +€

J/ Rsrc
, 0.75V

v

_l (KRR

Short winding

Fiaure 11: Current protections
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3.8 Over temperature protection (OTP)

An accurate temperature protection is provided with the STARplug. When the junction temperature
exceeds the thermal shutdown temperature (Tproymax), the IC will stop switching and the supply current is
lowered to the start-up current level. As a result, the internal junction temperature will decrease. The
STARplug resumes operation as soon as the temperature has dropped sufficient (Tprotmaxy-Tprothys))- Should
the temperature rise higher than the T,oymax) l€vel again, switching is stopped and the supply current is
lowered. So low frequent cycling between on and off state occurs.

17
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4 General Step-by-step design procedure

This chapter guides you through the procedure for designing a basic fly-back or Buck converter with the
STARplug.

4.1 Designing the basic STARplug application

Below in Figure 12, the most basic application using the STARplug is shown. This application behaves like
a primary regulated voltage source.

! Ri L1 -Clamp
3 ' C1|+ c2|+ i Z1
&_%—AC DC- i ‘
i Input | | |
””””””””””””””””””””””” Section } D1 | ‘ : !
& L ‘ 777777 5 777777777777 Output
| ”””””” Section
Drn Demag TTRax T TR1
AX———1__F——
Vcc ‘
TEA152x ‘
RC Reg—
Gnd _Src | | T
rOscillator ---3 i Do 1
i Cosc Rosci Y-Cap

3

The mains voltage is rectified, buffered and filtered in the input section and connected to the primary

Figure 12: Basic STARplug application

winding of the transformer. Around the STARplug (TEA152x), the following blocks can be identified:

e Oscillator

¢ OCP (Qver Current Protection and also Short Winding Protection)

¢ Regulation

« Demag (demagnetization detection)

e Supply generation

In the output section, the transferred energy is stored in a capacitor and filtered before it will be available
on the output pins.

A clamp is added across the primary winding of the transformer to prevent a to high voltage overshoot on
the drain pin of the STARplug, at the moment the internal power MOS transistor is switched off.

18
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4.1.1

Input section

Determine system requirements

In order to calculate the input section, the following system parameters must be identified:

a)

b)

c)
d)

Minimum and maximum AC input voltage

Select the minimum and maximum AC mains voltages from table 3.

Input Voltage Range

Vac-min Vac-max

110V

80Vac 135 Vac

230V

195 Vac 276 Vac

Universal Mains

80 Vac 276 Vac

Table 3: Input voltage ranges

Frequency of the mains

The frequency mentioned is the minimum line frequency possible, thus tolerances included.

Required output Power and Voltage

Estimated efficiency

Efficiency loss due to output diode:

The voltage drop across the output diode effects the efficiency of the whole converter. The higher
the voltage drop across the output diode, the lower the converter's efficiency.
If the output voltage is below about 7 Volts and high efficiency is required, use a Schottky Barrier

diode else a Fast PN diode can be used.

P %) = 20 (3000
loss,Dout( 0) V 0

o

PN diode

. Vf,Dout =0.7 Volt

Schottky diode  : Vipout = 0.5 Volt

The efficiency loss due to the output diode is calculated with equation 5.

Efficiency loss due to snubber/clamp circuit:

Equ. 5

A snubber network on the drain pin or a clamp circuit across the transformer's primary winding is
required in order to keep the drain voltage below the breakdown voltage of the integrated MOS

transistor. The estimated efficiency loss due to a snubber or clamp circuit is displayed in Table 4.

Power Range Efficiency loss
RC snubber P, < 3 Watt 20%
RCD clamp Full range 15%
Zener clamp Full range 10%

Table 4: Clamp/Snubber efficiency loss

Efficiency loss due to others:

Efficiency loss due to other components in the application is estimated to be about 5%.

Efficiency of the whole converter

The estimated efficiency of the whole converter is calculated with equation 6.

Remark:

100-P

loss,diode

P

- Ploss,clamp -

loss,additional

n:

100

1) For a practical application these estimated values can be different.

2) The peak clamp might not be necessary for the 110V range.

Equ. 6
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Calculate the inrush resistor (R1)
The inrush resistor limits the maximum peak current through the diode bridge rectifier. The minimum value
for this resistor is calculated with equation. For almost all diode bridge rectifiers, the Igsy parameter is
about 20A.

u _ \/E |3‘/AC,max

inrush —
I FSM

Calculate the minimum DC voltage.
Before the minimum DC bus voltage can be calculated two additional parameters have to be defined.

a) The total buffer capacitance
Select the Cgys multiplicator from table 5 and determine the total input capacitance Cgy tot
Input Voltage Range Cguf (LF/Watt)
110V 3 P
230V 1 Chutior = ? [C e Equ.
Universal Mains 3
Table 5: Cpyt multiplicators
b) The conduction time (t;) of the diode bridge rectifier.

The conduction time of the diode bridge rectifier depends on the value of the inrush resistor (R1),
the output power and the total capacitance of the buffer capacitors. A good practical value is a
conduction time of 3ms

The minimum DC voltage can now be calculated with equation 9.

710 v [ —
20f

mains

n BD Buf,tot

)

_ 2 _
VDC,min =12 |3]AC—min

Calculate the maximum DC voltage.
The maximum DC bus voltage is built up out of two components; the peak voltage of the mains (Vp« mains)
and some additional voltage increase due to mains transients (AViansient)-

a) The first part is easily defined by equation 10.
Vpk,mains = \/E |lfac,max Equ'
b) The second part is more difficult to determine, see equation 11.
o o (1\
« f el e Equ.
A\]transient = Vtran pk El— ¢ -¢
) a — B
_ 1
a —_
Rinrush Buf, tot
1
p=—

Equ. 7

10

11
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The equations for calculating the voltage increase due to a transient are not practical. A more
convenient method is applying figure 13. This figure shows the increase in DC supply voltage as a
function of the input filter time constant (Rinrusn[Crutot) fOr @ high energy mains transient (1kv/50ps).

UNC 1 rypkea supy voltage morease aue a
) Typical supply voltage increase due a
AViran 110 ™\ ‘7 7‘ ~high energy mains transient. 7‘
100 I 7‘ - Transient height :1kV 7‘
00 I I Risetime 1.2 ps |
i ‘ ‘ Duration : 50 ps (half time) ‘
80 -
70 _ Y — — — —
60 _—— e — —
04— — — — — — — — — ——
40 1 L L L l L L L l L L L l L L L T T T 1
300 400 500 600 700 800 900 1000

Time constant (us)

. . . ) (Rinrushm:Buf,tot)
Figure 13: Supply Voltage increase due to mains transient

The maximum DC bus voltage can now be determined with equation 12.

VDC,max = Vpk,mains + A\/tran Equ. 12

Check whether the maximum DC bus voltage exceeds the 475V. If this is the case, it is recommended to

reduce the effect of the mains transient by increasing the resistance value for Ri,usn (R1).

example:  Vpgmains = 390V, thus AV, < 85V (475V - 390V) gives an Rinush[Cout ot time constant of 450ps.
If the total buffer capacitance is 11.5uF (6.8uF + 4.7uF), the value of the inrush resistor needs
to be at least 39Q.

4.1.2 Clamp

The maximum clamping voltage can be found if equation 13 is applied. In this equation BVpss is the
breakdown voltage of the STARplug's integrated power MOS transistor. Since the power MOS transistor is
not avalanche rugged, a small safety margin is added (a Vmargin Of 25V is sufficient).

VClamp,max = BVDSS - VDC,max - Vmargin Equ. 13

4.1.3 Oscillator

Before the oscillator components can be calculated, the operating frequency has to be chosen. The
switching frequency of the STARplug can be set between 10kHz and 200kHz. Common used switching
frequencies are 40-50kHz and 100kHz.

The oscillator frequency is set by two parallel components, a resistor (R,sc) and a capacitor (Cosc).

The capacitor is rapidly charged to the Vrc.max (typical 2.5 V) level and discharged via the resistor to the
Vre-min l€Vel (typical 75 mV). The discharge takes 3.5 RC times (RC = oscillator time constant = Ry [Cosc).

21



Philips Semiconductors

TEA152x, Efficient Low Power Application Note
Voltage supply ANO00055
The oscillator time constant is calculated with equation 14.
The oscillator charge time is derived from the STARplug 1 1 \

I RC=—[Ql——-t, Equ. 14
SpECIflcatlon (tcharge = 1113) 3.5 fswitch o

The values for both R.s. and C.s; can now easily be extracted from the RC time constant.

Using an oscillator capacitor less than 220pF is not recommended. The drain voltage might distort the
oscillator voltage in this case. From efficiency point of view, a large C.s. capacitor is not preferred at high
operating frequencies (at 200kHz and C,s,=10nF a power 12.5mWatt is dissipated in the oscillator)

example: for an switching frequency of 100kHz, a oscillator time constant of 2.57us is required. This
time constant is made with the parallel connection of a 7.5kQ resistor and a 330pF capacitor.

4.1.4 OCP resistor

The OCP resistor (Rgc) set's the transformer's primary peak current and thus also the maximum
transferred output power. The maximum required transformer's peak current is calculated with equation 15.

2[P 1 1 2PolC,,
L =i ° + tall——— Equ. 15
’ n |:fswitch VDC,min nVout n Ij‘switch ad-

In this equation the new variable nVout represents the reflected output voltage. At this moment, no

transformer parameters are available. A suitable value for nVout can be found when the clamp voltage,
calculated with equation 13, is divided by approximately 1.5. In practical situations a nVout of 80V up to
120V is often used.

The capacitor Cp is represents the parasitic drain capacitance. A typical value for C, is 100pF.

Equation 16 is used to calculate the value of the OCP resistor. <V sro-max Eau. 16
e = u.
The typical value for Vgre.max is 0.5 Volt st Ip g
example: For a 3 Watt application running at a switching frequency of 100kHz and a efficiency of 75%,
the primary peak current through the transformer will be 230mA (case Vpcmin = NVout = 80V).

The Ry resistor is set to 2Q, limiting the peak current to 250mA.

4.1.5 Transformer

A STARplug application requires a 3-winding transformer. The main winding is called N,, the output
winding N and the auxiliary winding N,. For all three windings, the number of turns will be calculated. Also
included are equations for the inductance value of N, and the airgap in the center leg of an E-core.

Calculate the primary inductance.
The inductance value (L) of the primary winding (N,) is calculated with equation 17.

2P,

- Equ. 17
P au

switch
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Selecting the core type.

If a core fits the application, is determined by the maximum stored energy in the transformer together with
the required airgap. A core with a large airgap can store more energy in its ferried material than a core with
a small airgap. Also the spread on the transformer's primary inductance (L,) will be lower for wide airgaps.
The disadvantage of a wide airgap is the high leakage inductance of the transformer. A trade off has to be
made between high storable energy levels, low leakage inductance and small tolerances on the
inductance. In practical situations, the airgap for a fly-back transformer is about 100um up to 300um.

With equation 18 the maximum energy stored in the transformer is calculated.

E,.=I'L=1 0, Equ. 18

Select a suitable core from the table below or use the I°L characteristic in appendix 1. Use equation 19 as
selection criteria.

Ecorc(i00n) S Ecore S Ecore(300n) Equ. 19
Maximum E.,.. (mJ) for Core type Effective Core Area
lgap = 100pm i lgap = 300um As (mm?)
010 | 0.23 E13/7/4 12.40
013 | 0.33 E16/12/5 19.40
014 | 0.34 E16/8/5 20.10
0.15 0.35 E13/6/6 20.20
020 | 0.45 E19/8/5 22.60
021 | 0.50 E20/10/5 31.20
027 i 0.62 E20/10/6 32.00
033 | 0.78 E25/9/6 38.40
033 i 0.78 E25/10/6 37.00
0.38 0.88 E19/8/9 41.30
045 | 1.00 E25/13/7 52.00
064 i 1.40 E30/15/7 60.00
074 i 1.80 E31/13/9 83.20
074 | 1.80 E32/16/9 83.00
074 1.80 E34/14/9 80.70

Table 6: Core selection table

The table contains only some values for E-cores. Other core types may also fit the application. See the
corresponding data books for detailed information.

example: If the maximum peak current through the transformer is 330mA (Equ. 15) and the primary
inductance equals 1.5mH (Equ. 17), the maximum stored energy E.y. = 0.163mJ.
The following E-cores can be used: E13 and E16 types
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Determine the airgap.
The length of the required airgap can be calculated with equation 20 .

_4MxlL, Elf) mo®
lgap(mm)— B

max

Equ. 20

In this equation the parameter A, represents the effective core area in mm? and Binax represents the
maximum flux density in mTesla. For most ferried materials a B.« value of 275mT is low enough to
prevent saturation.

example:  Core type: E13/7/4 (A:=12.4mm?)
[, :330mA L, =1.5mH Bimax = 275mT
The airgap length will be 0.1mm = 100pum

Primary winding count.
Determine the number of primary winding with equation 21.

—_mx "¢ q0* Equ. 21
Obtain a practical value for N, by rounding the calculated value to its nearest integer.

Secondary winding count.
Apply equation 22 for the number of secondary windings.
Vo + Vstec
N, =N GB——— Equ. 22
nVout
The values for nVout and V;psec have been identified earlier (see § 4.1.1 and § 4.1.4).

Obtain a practical value for Ns by rounding the calculated value to its nearest integer.

Auxiliary winding count.

The number of windings for the transformer's auxiliary output depends on the supply voltage of the
STARplug. Initially the STARplug is self-supplying until supply is taken over by the Auxiliary winding. The
maximum supply voltage (Vcc) for the STARplug is 40V. To prevent the internal high voltage supply from
supplying the IC a minimum V¢ voltage of 13V is acceptable. A practical V¢ value is 20 Volts.

After the V¢ voltage is chosen, the number of auxiliary winding turns can be determined (equation 23).
EIVCC + Vf,Daux
s Vo + Vf Equ.

"Dsec

N, =N 23

Normally the auxiliary diode is a General Purpose PN-diode. The voltage drop across the PN diode is 0.7V
Obtain a practical value for Ns by rounding the calculated value to its nearest integer.
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4.1.6 Regulation components

Easy interfacing with both primary and secondary regulation is possible. In case of secondary regulation,
additional secondary electronics drives the photo diode of an opto coupler. In this case, the resistor Rg1 is
replaced by the opto coupler's transistor.

The other method (less accurate one) is called primary regulation. In this case the output voltage is
controlled on the primary side of the fly-back converter. Due to the fact that all windings of the transformer
have the same flux variation, the secondary voltage and the auxiliary voltage (V¢c) are related via the
transformer's turn ratio N./Ns. The supply voltage is calculated with equation 24.

VCC = Na
N

[ﬁvo + Vf,Dsec ) - Vf,Daux Eq u. 24

The V¢ voltage information is provided to the REG pin via a resistive divider. The STARplug directly
regulates the V¢ output voltage and indirectly the output voltage.

The ratio between the two resistors is defined by equation 25.

\Y% )
R, :(L—l R, Equ. 25

duty-DC

To prevent distortion on the regulator pin due to in coupling of high voltage signals it is recommended to
keep the lower regulator resistor (Rreg2) below 10kQ.

4.1.7 Demag

The auxiliary resistor (R,yy) limits the current in the Aux pin of the STARplug. According the specification,
the maximum current into or out of the Aux pin is respectively 5mA and 10mA. These values are far
beyond the current that is really needed for detecting demagnetization. A good approximation for the
resistance value for R,y is given in equation 26.

R, =7mVout (kQ) Equ. 26

4.1.8 Supply Generation

Due to the fact that the integrated start-up current source is only switched-off when the auxiliary winding
provides enough energy to supply the IC, only a small supply capacitor (Cy) less than 1pF is required
(470nF will fit practically all applications).

The diode which connects the supply to the auxiliary winding is of the General Purpose PN type. The
required breakdown voltage of this diode is calculated with equation 27.

N
Vbr,Daux = N_a |3‘/dc,max Equ 27

p
The transformer parameters N, and N, are determined in § 4.1.4 and the maximum DC voltage in § 4.1.1.
A resistor is placed in series with the diode. The function of this resistor is to prevent peak rectification. The
exact value for this resistor has to be defined empirically. A good value to start with is 100Q to 560Q.
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4.1.9 Output Section

Output diode.
The output section starts with the output diode. What kind of diode will be used (PN or Schottky) is decided
in § 4.1.1d. Equation 28 can be used to determine the minimum breakdown voltage for the diode.

I b = & a Equ. 28
pk,Dsec p
Na
NP
Lipee =5 See Equ. 15 for I, Equ. 29
Calculate the average output current with the following equations and select an output diode with a higher
rating.
ty = N, ok Dsec Equ. 30
Np m\]0 + Vf,Dsec)
Equ. 31

NP
avgDsec N |:]lp ijb stitch

S

Output Capacitor.
Select an output capacitor with low ESR characteristics and a ripple current rating (lrus) of at least the
value as determined by equation 32.

2
Tepus = (& [[p\ Jio Zswien Honen -1 Equ. 32
N, 3
Output filter.

The resonance frequency of the output filter must be set to a frequency below the minimum operating
frequency. The minimum operating frequency of the STARplug application can be as low as 0 Hz, but this

is not a practical value. With the following equations, an output filter section can be calculated which has a
resonance frequency of 1/20" of the switching frequency.

100
LC=— .
qu. 33
(TE stitch )2
Lﬁlter = CLC Equ 34
filter
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4.1.10 Fly-back converter Formula Overview

e Select input voltage range

Input Voltage Range V ac-min Vac-max Cpguys (MF/Watt)
110V 80Vac | 135 Vac 3 (;) xm
230V 195Vac | 276 Vac 1 @) acmin
Universal Mains 80 Vac 276 Vac 3 (3) Cour
. Mains frequency
i . . tol
Line frequency (fine) i vevenn... Hz = (1 _ \Hline 4) ‘ foaine ‘
Tolerance (tol) .l % 100
. Output
Voltage (Vo) D \Y, I = P, 5 =
o Vv ( ) o
Power (Po) e w o (6) v,
(7) lo
. Estimate Efficiency
1) Output diode voltage drop _ Vf’Dou
. PIoss,Dout (%) ==
(Vfpout) & ceveenens \ ,
2) Snubber / Clamp losses
Power Range Ploss,clamp (%)
RC snubber P, < 3 Watt 20
RCD clamp Full range 15
Zener clamp Full range 10
3) Additional losses are about 5%
4) Calculate System efficiency T] — 100 - Ploss,Dout - Ploss,clamp B Ploss,additional
100
®  |n |
9) | Couror |
«  Total buffer capacitance _P (5
buftot IZI:buf (3)
n(8)
. Minimum DC supply voltage
Set conduction time bridge rectifier v - hov:  (2)- 2[P,(5) 1 ¢ )
tc =3ms DC,min ac,min n(g) mbuf’mt (9) 2 Bfmains (4) c

(10) ‘VDC,min ‘

27



Philips Semiconductors

TEA152x, Efficient Low Power

Application Note

Voltage supply ANO00055
e Inrush resistor
Get the non-repetitive peak forward \/—
Current rating (Irsm) of the bridge B M (11) | Riusn
Rectifier diodes (commonly used 20A) Tesm

. Maximum DC voltage

a) Peak mains voltage Vs = V2 [V, e (1)
— b) Transient influence
A typical transient is defined as: [ a —%m{%) ai_B [%\\
He|ght : Vtran =1kV A\/transient - Vtran,pk Gﬁ € €
Half-time : ty.,= 50 us
1
{o=
inrush IZDBuf,tot
1
LB B ttran
C) Calculate Vdc,max VDC,max = pk,mains +AVtransient
d) Check Vpc max
Increase
Rinrush
- (12) Rinrush
o (13) VDC,max
¢ Maximum peak clamp voltage
Breakdown voltage (BV, =650V
2 ( DSS) Vcl max = BVDSS _VDC max _Vmargin (14) ‘ Vcl,max ‘
Marge (Vmargin) =25V i i
* Oscillator
Select a maximum operating frequency between 10 kHz and 200 kHz.
fswitch [ kHz RCosc = L 1 e | u\
35 fswitch
Select an oscillator capacitor between 220pF and 1000pF
and calculate the oscillator resistor
Coso e, pF R =RC (15) | Rosc
T C. (16) | Coso
Recalculate the maximum 1
switching frequenc foiten = (17) fowi
g frequency “ T 35R,_(15)IC, (16) +1p | Fowien
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Reflected output voltage
Typical values for nVout: nVout = Vclamp (18) ‘ nVout ‘
80V < nVout <120V 1.5

Primary peak current

Cpar represents the paracitic capacitor on the drain node (typical value 100 pF)

Ip = fswitch (17) Eﬁ
n

21P.(5) L,
(8) B (17) { Ve (10)  nVout(18)

2[P,(5)(C,, )

Joeq

Source Resistor

Primary inductance

Transformer's Airgap
Effective core area (A.)
Maximum flux density (Bmax)

(Typical value for By = 275 mT)

Primary winding

Secondary winding

Auxiliary winding
Set V¢ to 20 Volts
Set Vipaux 10 0.7V

Recalculate supply voltage

Regulator resistors

Set Ryeg2 between 1kQ and 10kQ

Auxilary resistor

n(g) IEIFswitch (1 7)
. 0.5 (19) |1 |
St T 100 20 Rerc
1.(19) (20) | |
2P
» - 5 0(5) (21) ‘ Lp ‘
@), (19) Hyyien (17)
e mm2 4% L (21)|]2(19)|]08
B mTesla lgap (mm = A DBZ
22) | lgp |
_Bn0,02)
P = a0 (19) (23) [Ny |
N :N (23) ( ) stec (24) ‘ N ‘
. nVout(18) >
V,
N N ( ) f,Daux 25 Na
V (6) Dscc ( ) ‘ ‘
N, (25)
CC N (24) [ﬁv ( ) Vstec) Vf,Daux (26) ‘ VCC
R = V@O PNy (27) | Rug
& 25 ¢ (28) RregZ
(29) | Rax

R, (kQ)=7mVout(18)
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+  Auxilary Supply _ N, (25)

Set supply capacitor 470nF br,Daux N (23) pCmax (13) (30) | Verpau |

e Output diode

Minimum required breakdown voltage _N.@9

|lll)c,max (13) (31 ) ‘ VBR,DSec ‘

br,Dsec m

_ N4, 1), (19)

Minimum required average current —
N, (23) LV, (6) + Vipe.)

N, (23)
Iavg,Dscc =
N, (24)

|][p (19) Ijﬂ) Eﬂ‘switch (17)

(32) | lavgpsec |

. Output capacitor L Ne (19)\2 { T (1D 2

Select a low ESR capacitor with CRMS N.(24) ° 3 °

a high ripple current specification.

(33) ‘ | crRMs ‘
e Output filter 3 100
AN
(TE stitch (17))
Select a filter capacitor and determine LC 34) | C
the filter inductance Lo =— er
e c (39) | Liiter
Filter Capacitor (Ae) : .......... uF filter
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4.2 Designing the Buck application

Below in figure 14, the application diagram of a Buck converter build up around the STARplug. This circuit
is capable to produce a regulated output voltage (13V up to 40V) directly from the rectified mains voltage.
How the different blocks need to be dimensioned is explained in the next paragraphs.

Input
(bC)
Drn
Aux :"""""".
Vee—t—— K
o D2 !
TEA152x | |
Rreg1 || H
RC Reg o :
Oscillator -} - - - - Regulation; E:: :
| i Gnd Src X | ! Cvce |
| ! OCP -5 " o=-1----- Supply
| Cosc ! | b |
I ! \Ree | || ! 1 _Output
L___R_o_sf ] ! ! 1| |Rreg2 1 L1 section
e - - - Y Y YL, - !®
Demag B

Figure 14: STARplug Buck converter

421 OCP

The resistor Ry limits the maximum peak current through the inductor. Due to the fact that the STARplug
Buck converter operates in discontinuous conduction mode, this resistor also limits the maximum output
current in overload conditions. The value of the resistor can easily be defined by equation 35.

Vv Y

—_— Src—max o

src 2 DP

0,max Equ.

The Vg.max parameter represents the OCP detection level (typical value is 0.5V).

4.2.2 Output section

e Determine the inductor

If the output is short-circuited, the source resistor limits the output current. This is only true if the voltage
across the source resistor (Rg,c) does not exceed the OCP threshold (Vg.c.mar) level before the leading edge
blanking time (t.gg) has been expired.

To prevent an increasing short circuit output current, a minimum value for L1 is required. This minimum
value can be calculated with equation 36. For the STARplug, the maximum leading edge blanking time
(tLeg) is 450ns.

— (VDC,max - VO ) D/o ELEB,max

L. = Equ.

min 2 U)

0,max

35

36
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At full output power, the circuit operates on the edge of continuos and discontinuous mode. As a result, the
switching frequency depends on the input voltage. The minimum inductance value which is calculated in
equation 36, sets the maximum possible switching frequency.

(VDC,max - Vo ) \/02

= B Equ. 37

switch,max VDC’max 2 [Po EL
If the maximum switching frequency is beyond the limit of the STARplug (200 kHz) or beyond the design

min

criteria (maximum allowed switching frequency), the inductance value of L1 should be increased. In this
case, the inductance value for L1 can be calculated with the next equation.

~ (VDC,max - Vo) D V()2
VDC,max 2 DPO H

switch,max

L

min

example: Buck converter with Vo=15V and P,=5W
Input voltage range: 80Vp¢ to 400Vpc and a maximum switching frequency of 50kHz.
For an accurate OCP on the output, the minimum value for L1 is 270uH (Equ. 36). This value
gives a maximum switching of 80kHz (Equ. 37). The inductance value for L1 needs to be
increased to 430uH (Equ. 38) in order to achieve a maximum switching frequency of 50kHz.

e Output Capacitor requirements

The limiting value for the output capacitor is the ripple current. This maximum RMS ripple current is equal
to the maximum output current of the converter.

For a low output voltage ripple, a low ESR type electrolytic capacitor should be used.

 Freewheeling diode.

Every time the STARplug's integrated power MOS transistor is switched-on, the voltage across the
freewheeling diode (D1) is equal to the maximum DC input voltage. The minimum breakdown voltage of
the diode must be higher than the maximum DC input voltage. The maximum average current through the
diode is calculated with equation 39.

2

(V]

I

D,avg switch, max

A fast recovery diode is required since the voltage across the diode is applied instantaneously.

e OVP zener.

In normal operation, the output voltage is regulated via the supply voltage of the IC. A small error is made
due to the fact that the regulator resistors and the supply of the IC discharge the supply capacitor of the IC.
The supply voltage is not a one to one presentation of the output voltage anymore. At low output power
levels, this effect results in a transfer of too much power, resulting in an increasing output voltage. The
zener diode prevents the output of reaching unacceptable high voltages.

Equ.

32
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4.2.3 Oscillator

The oscillator must be set to the maximum frequency on which the converter can operate. This frequency
is calculated with equation 37.

The oscillator frequency is set by two parallel components, a resistor (Rysc) and a capacitor (Cosc).

The capacitor is rapidly charged to the Vrc.max (typical 2.5 V) level and discharged via the resistor to the
Vre-min l€vel (typical 75 mV). The discharge takes 3.5 RC times (RC = oscillator time constant = Rys.[Cosc)-
The oscillator time constant is calculated with equation 40. The oscillator charge time is derived from the

C= LN, t ) Equ. 40
= - u.
35 f charge q

switch,max

STARplug specification (tcharge = THS).

The values for both Ry and C,s. can now easily be extracted from the RC time constant.

Using an oscillator capacitor less than 220pF is not recommended. The drain voltage might distort the
oscillator voltage in this case. From efficiency point of view, a large C.s. capacitor is not preferred at high
operating frequencies (at 200kHz and C,s;=10nF a power 12.5mWatt is dissipated in the oscillator)

4.2.4 Demag

Via the demag resistor (R..x) which is connected to the AUX-pin of the STARplug, the circuit detects
whether the freewheeling diode is still conduction. As long as this diode is conducting, a new switching
cycle is not started. This limits the maximum output current, in short circuit condition.

The AUX-pin is internally connected to the STARplug's Gnd pin via two anti-parallel diodes. Due to these
diodes, a current can flow into or out of the IC. The Raux resistor limits this current. As long as the
integrated MOS transistor is conducting, a current will flow out of the AUX-pin. The maximum current
allowed is 10mA.

The minimum value for this resistor can be calculated with equation 42 and with equation 41, the losses in
this resistor can be calculated.

V
R, = Equ. 42

aux

P — VSC,max D 2 DPO DL H '
loss,Raux R VO [QVD _ VO ) switch,max

If the minimum resistor is applied, the losses in this component can be high and thus the efficiency of the

Equ. 41

C,max

converter low. However, the value for the R, resistor is not critical and a resistance value of 220kQ will
perform well. This will increase the efficiency of the converter.
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4.2.5 Regulation

If the Buck converter is in regulation, the supply voltage of the STARplug is equal to the output voltage.
Via a resistor divider, the supply voltage is provided to the STARplug's REG pin. In this case, the supply
voltage of the STARplug (and output voltage) is regulated. The ratio between the two resistors is defined
by equation 43 (Vguy-oc = 2.5V)

3 )
R, :( 1'm Equ. 43
di

reg2
uty—-DC
To prevent distortion on the regulator pin due to in coupling of high voltage signals it is recommended to
keep the lower regulator resistor (Rrg2) below 10kQ.
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4.2.6 Buck converter formula overview
¢ OCP resistor
Get output requirements: I 2[P,
Vo i, \Y pk v, ) v,
Poieeennn. w 2) P,
R, =22 @) |l
ka (4) Rsrc
*  Mini induct
nimiam nfueiance (Viem =V, (D) DV, (1)
Get maximum DC voltage: L= LEB.max
VDC,max e \Y 2 EPO (2) (5) VDC,max
tLEB,max =450 ns (6) L
¢ Madmum frequency (Voewa - Vo) | V2()
Set maximum frequency f it max = . E
frax D Y Vo max (3) 2P, (2)L(6)
fswitch,max < fmax
AND — > (7) ‘ 1:switch,max
fswitch,max < 200kHz Y
¢ N
Lo Voea ®-Vo) L e
VDC,max (5) 2 [Po (2) Rmax (8)
> (D | e
(6) L
- _P,2
¢ Output capacitor Iripple,RMS = V(1) 8) ‘ lout RIS
« Freewheeling diode. o) D’z(Z)
D,avg = W D"(6) H‘switch (7)
(9) ID,avg
Vbr,min = VDC,max (5) (1 O) Vbr,min
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e Oscillator
1 1 )
RC 0sc - . 1“
3 5 fswitch (7)
Select an oscillator capacitor between 220pF and 1000pF
and calculate the oscillator resistor
C e F
osc p ROSC - 1{C0Sc (1 1) Rosc
Cose (12) Cosc
e Demag
Set the auxilairy resistor to 220kQ (13) | Rau
¢ Regulation
g IR ACENT (14) | Regs
Set Rreg2 between 1kQ and 10kQ g 2.5 g (15) RregZ
* Supply
Set the supply capacitor to 470nF. (14) Cvee
The breakdown voltage for the diode is equal to the maximum DC voltage (5) (15) Vor buee
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5 Demo board

A small demo board is build in order to demonstrate the basic operation of the STARplug controller. The
requirements for this application are:

Input Output

Voltage range : Universal mains (80Vac...276Vac) Voltage : 5V /x2%
Frequency : 50/ 60Hz + 10% Current : 600 mA
Standby power : < 100mW (full range) Power : 3 Watt

Net transients : High-energy transient (1kV/50us)

The narrow output voltage tolerance requires a secondary regulated (TL431) system.

Furthermore, the maximum switching frequency of the converter is set to approximately 100kHz.

The efficiency of the whole converter must be as high as possible. This makes the use of a schottky diode
on the secondary side necessary.

51 Schematic

Below, the electrical circuit diagram of the STARplug demo board is shown, a secondary regulated voltage

source.

Lit
L +—jac oo * *
Ri1 ' ci1 |, Ci2]+ 761

Ds1

Ds4

|

Rs6
Drn Rs5
Aux | M
Vcc * ' T
% Rs4
TEA152x oo
Zs2
RC Reg 2 P
Gnd _Src T
L
Cs1 Rs1 Rs2 Rs3
T Cs2

In the left upper corner, the mains input section is found. This part of the circuit rectifies and filters the
mains voltage. The output section is found in the right upper corner. Below the output section, the
regulation part can be found. This circuit measures the output voltage and compares it with the reference
voltage of Us3. If there is an error, this is communicated to the primary side of the circuit via the opto-
coupler. The STARplug with the control components is placed on the left lower corner.

37



Philips Semiconductors

TEA152x, Efficient Low Power
Voltage supply

Application Note

ANO0055

An Over Voltage Protection is built in by the zener diode Zs2. In case the opto-coupler fails, the output

voltage of the converter increases. Via the turns ratio N./Ns of the transformer, this can be seen on the

supply voltage of the IC. In case the supply voltage is too high (= high output voltage), the zener diode will

take over the regulation.

A list of all used components is shown below.
Odd components

Ref. Describion | Value Ordering Code Manufacture Internet
Ri1 Fusistor KNP 1W 5% 47E C152M43Y5UQYFSP TyOhm www.tyohm.com.tw
Ci1 Elco 6,8uF / 400V / 105°C / BXA 400 BXA 6E8 M 10x16 | Rubycon www.rubycon.co.jp
Ci2 Elco 4,7uF / 400V / 105°C / YXA 400YXA 4E7 M 10x16 Rubycon
Ci3 Elco 330uF / 16V /20% / 105°C / ZA 16 ZA 330 M 10x12.5 Rubycon
Ci4 Elco 120uF / 16V / 20% / 105°C / JXA 16 JXA 120 M 6.3x11 Rubycon
Cl5 Y1-cap Y1-Cap /2.2n/20% / 250V 2251 837 51227 Philips www.bccomponents.com
Li1 Inductor SP0508 / 1mH / 10% / 190mA SPT0508A-102KR19 TDK www.tdk.com
Li2 Inductor SP0508 / 10uH / 10% / 1900 mA SPT0508A-100K1R9 TDK
Con1 Connector MTA-100 / 3 pins 640454-3 AMP connect.amp.com
Con2 Connector MTA-100 / 2 pins 640454-2 AMP
T Transformer | CE133t or CE135t (E13/7/4) Custom made Philips Ovar
L,=1.8mH / N,=134 / Ns=8 / N,=22 transformer (Portugal)
SMD components
Ref. Describion | Value Ordering Code Manufacture
Rs1 Resistor RC11/7.5k /2% 2322 730 31752 Philips www.acm.components.
Rs2 Resistor RC11/2.0E/2% 2322 730 31208 Philips philips.com
Rs3 Resistor RC11/5.1k /5% 2322730 61512 Philips
Rs4 Resistor RC11/10E /5% 2322730 61109 Philips
Rs5 Resistor RC11/75k / 5% 232273061753 Philips
Rs6 Resistor RC11/1k /5% 232273061102 Philips
Rs7
Rs8 Resistor RC11/22k / 5% 2322 730 61223 Philips
Rs9 Resistor RC11/2.4k /2% 2322 730 31242 Philips
Rs10
Jp1 Jumper RCO01 / Jumper OE 2322 711 91032 Philips
Cs1 Capacitor NPO / 330p / 2% / 50V / 0805 2238 861 14331 Philips www.acm.components.
Cs2 Capacitor X7R /100n/20% / 16V / 0805 2222 780 15749 Philips philips.com
Cs3 Capacitor Y5V /470n / 20% / 50V / 1206 2238 581 19716 Philips
Cs4 Capacitor X7R /47n/20% / 16V / 0805 2222 780 15745 Philips
Cs6
Cs5 Capacitor X7R /10n/20% / 25V / 0805 2222 910 15736 Philips
Ds1 Diode Diode bridge 600V / 1A S1ZB60 Shindengen www.shindengen.co.uk
Ds2 Diode BAV101 / SOD80C 9336 993 40115 Philips www..philips.
semiconductors.com
Ds3 Diode STPS340U / 40V / 3A / DO-214AA STPS340U Stmicroelectronics | us.st.com
Ds4' Diode BYD37J / SOD87 9338 123 00115 Philips www.philips.
Zs1' Zener BzD27-C160 / SOD87 9338 677 60115 Philips semiconductors.com
Zs2 Zener Zenerdiode / 22V / 2% / 500mW 9339 317 70115 Philips
Us1 STARplug TEA152x Philips www.STARplug.com
Us2 Optocoupler | SFH6106-2 option 9 SFH6106-2 X009T Siemens www.infineon.com
Us3 Reference Voltage Reference TL431/SOD89 TL431CPK Texas Intruments www.ti.com

! Philips has developed a special SMD device, which is called ZENBLOCK. This device contains an anti-series connection of a high
voltage blocking diode and a high voltage zener diode. This device can replace the two components ZS1 and DS4.
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52 PCB

In order to fit the whole application on a small PCB, both SMD and trough hole components are used.
The layout and component positions are shown on the next pictures.

Bottom side Top side
— — I
[ - A
i 4
LIl &
+
l = ] . + C1s 27.5mm
i LB (1.08")
: o Cil b
e cid
| RTE phi 1 1 pS Eid Y
< 40mm (1.57") >
5.3 Measurements
No load performance
751 50T
0 a0
ge0 | 2 \\
T T —o—2 g ot
g — il g N
£ 60 g 20
iy \
55 10
N"‘""‘-‘—«—o
50 b b b b b b b o+
75 100 125 150 175 200 225 250 275 75 100 125 150 175 200 225 250 275
Input voltage (AC) Input voltage (AC)
Figure 16: No load input power consumption Figure 15: No load switching frequency
Efficiency
80 i 80 T
75 — 75 —
_ Pa = 3W T Po =158W
S S
< < -0
'g 1 —T — 'é 70 — “\
65 I 65
o 10} PRSP SRR SR EE PR SR S S S
75 100 125 150 175 200 225 250 275 75 100 125 150 175 200 225 250 275
Input voltage (AC) Input voltage (AC)
Figure 17: Efficiency versus input voltage (P,=3W) Figure 18: Efficiency versus input voltage (P,=1.5W)
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80 T 80 L
70 + -~ —s 70 =
. E o /
50 4 Vin = 120Vac — 50 / Vin =220Vae |
a0 40 L — :
0,0 0,5 1,0 1,5 2,0 2,5 3,0 0,0 0,5 1,0 1,5 2,0 2,5 3,0
Output power (W) Output power (W)
Figure 19: Efficiency versus output power (Vi,=120Vc) Figure 20: Efficiency versus output power (V;,=220Vc)
Reqgulation
110 T 10T
% [ % [
E 105 — é 105 1 —
g Po = 120mW g Vin = 220V ¢
§ 100 é, 100 ¢ R . e N
g 95 - — — E 05 |
g ; Po = 3W g [
g0 f— — — —_— 90 : : : : : : : : : : :
75 125 175 225 275 0 100 200 300 400 500 600
Input voltage (AC) Output Current (mA)
Figure 21: Line regulation Figure 22: Load regulation
Frequency behavior
100 100
I /'\,*‘ /"*« I »
o 801 A./ V k.‘*‘*b-..._.—r" < 801 jNW"M/
T / T /./
g ool P —
g2 40 Vin = 115V — 2 40 / Vin =235V —
% 20‘ % 20 :
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0,0 0,5 1,0 1,5 2,0 25 3,0 0,0 0,5 1,0 1,5 2,0 25 3,0
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Figure 23: Switching frequency (Vin=115V¢) Figure 24: Switching frequency (Vin=235V x¢)
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Turn-on delay
Tek stop: Single S§q1_25.0k5/s . Tek stop: Single S§q1_25.0k5/s .
DC bus voltage (100V/div) DC bus voltage (100V/div)
PO b o L [ N
/ - E | A S -
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11:12:54 14:12:27

Figure 25: Turn-on delay (R,=>Q/ Vi, = 115Vxc)

Tek stop: Single Seq_10.0MS/5

Figure 26: Turn-on delay (R,=7.5Q/ Vi, = 115Vyc)

Output voltage ripple

Tek Stop: Single qu_'_ZEOIG/s

AT AN
il AN Sl E ]

L Drain voltage (100V/div)

Output Ripple (10mV/div)

Figure 27: Output Switching ripple (P,=3W / V, = 115Vc)

.0m

Output Ripple (50mV/div)
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Vin = 115VAC
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Figure 28: Transient load response (75% to 100%)
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