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Abstract

This application note describes a typical printer / notebook adapter power supply, based on a GreenchipTMII
controller, the TEA1532. The features of this controller are elaborated in full detail and a possible design
strategy for both discontinuous and continuous conduction mode is given to obtain the basic component values.
This is demonstrated by the example design of an adapter power supply.
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Summary

The present application note describes a typical printer / notebook adapter power supply, based on a

Greenchip™II controller, the TEA1532. The features of this controller are elaborated in full detail and a possible
design strategy is given to obtain the basic component values. This is demonstrated by two example designs of
a printer adapter power supply: one design operates always in discontinuous conduction mode, while the other
one changes smoothly to continuous conduction mode at the high end of the output power range. The design is

laid out for a continuous output power of 60 Watt with a peak power capability of 90 Watt. Finally, measurement
results and waveforms and a fault finding tree help locate problems.
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1. INTRODUCTION

The TEA1532 is a new member of the GreenChip™II family. This switched mode power supply
controller has all the outstanding features of the present range of GreenChip™II controllers plus some
new features: a versatile protection pin and the choice of operating in discontinuous or continuous
conduction mode.

The GreenChip™II (TEA1507, TEA1532) is a variable frequency SMPS controller designed for a
Quasi-Resonant flyback converter operating directly from the rectified universal mains. The topology
is in particular suitable for TV and Monitor Supplies, but can be used for high efficient Consumer
Electronics SMPS as well. Applications with the TEA1532 can operate either in discontinuous
conduction mode or continuous conduction mode. In the discontinuous conduction mode, the
controller operates in quasi resonant mode. This means that the power switch is always switched on
in the valley of the resonant waveform of the Drain voltage; peak current as well as switching
frequency vary depending upon output load and input voltage. This leads to the lowest possible
switching losses. A novel feature of this controller is the fact that the switching behavior is such that
under most conditions, the power switch will be switched on in the same valley every period again.
The result of this "locked-valley" feature is that the possible low-frequency noise, due to changing
valley every period, is avoided. This means that the transformer can be made as cheap as possible
without the risk of audible noise.

In continuous conduction mode, the controller operates in fixed frequency mode. When the output
load drops, the controller will smoothly change to discontinuous mode; the cross-over point is
determined by the design of the transformer and the actual input voltage.

The control method used in the GreenChip™II is of the Current Mode Control type. This method
inherently compensates for variations of the input voltage (100 Hz ripple rejection). The control loop
compares the sensed primary current with the error voltage that is present on the Ctrl pin (VCTRL) to
generate the primary "on" time.

For low output power, the Reduced Frequency Mode of Operation is used: the controller runs at the
minimum on-time, and the output power is controlled by varying the switching frequency. By reducing
the switching frequency, the switching losses are reduced to a minimal value. For even lower output
powers, stand-by and no-load condition, the controller will enter the cycle skipping mode: the
controller will skip cycles i.e. the power switch will not be turned on, if the control loop identifies the
output voltage is still high enough. This feature enables the possibility for "no load" power
consumption levels below 300mW with no additional circuitry needed.

The key features of the GreenChip™II are summarized below in no special order:

Distinctive features
0 Operates from universal mains input 90 —265 VAC
o0 High level of integration leads to a very low external component count
0 Soft (re-) Start to prevent audible noise (externally adjustable)
0 Leading Edge Blanking (LEB) for current sense noise immunity
0 Mains dependent operation enabling level (Mi\e; €xternally adjustable)
0 Choice of discontinuous QR or continuous FF mode of operation

Green features
o0 On-chip start-up current source, which is switched "off" after start-up to reduce the power
consumption
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(0]
(0)
(0]

(0]

Valley (zero/low voltage) switching for minimal switching losses

Valley locking to prevent audible noise with varying input voltage (ripple)

Frequency Reduction at low output powers for improved system efficiency (output power <
2W)

Cycle skipping mode operation for extremely low power levels

Protection features

(0]
(0)
(0]

O O O0OO0Oo

Safe-Restart mode for system fault conditions

Under Voltage Protection (UVLO) for foldback during overload

Continuous mode protection by means of demagnetization detection (only in discontinuous
mode)

Brown-out Protection (external adjustable; only in discontinuous mode)

Cycle-by cycle Over Current Protection (OCP)

Maximum Ton (discontinuous mode) / maximum duty-cycle (continuous mode) Protection
Over Temperature Protection (OTP)

Separate Protection input pin for detection of open loop, over-voltage, over temperature with
latch function.

These features enable the power supply engineer to design a reliable and cost effective SMPS with a
minimum number of external components and the possibility to deal with the high efficiency
requirements.
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2. FUNCTIONAL DESCRIPTION OF THE TEA1532

2.1 General description

The TEA1532 Greenchip™Il SMPS control IC is a current mode control IC. It can start up from the
rectified mains voltage by means of an internal current source. The control pin, fed with information
from the output voltage, compares this with the peak current in the primary winding of the transformer;
this determines the on-time of the output driver. The driver stage can drive an external power switch.
For discontinuous conduction mode operation, the IC senses the auxiliary voltage to determine the
state of the transformer. In continuous conduction mode, this demagnetization sensing is suppressed
by connecting the appropriate pin to ground.

The peak current in the transformer is limited to a safe value by the Over Current Protection, using the
current sense level information. An open loop is detected by sensing the voltage level of the control
pin: outside the normal range, a current source in the protect pin is activated. This is timed and
eventually causes a safe restart. In case the input voltage drops below a critical value, the IC,
operating in discontinuous conduction mode, senses this and performs a safe restart. In
discontinuous conduction mode, the maximum on-time is restricted to prevent abnormal behavior. In
continuous conduction mode, the maximum duty-cycle is limited. In both cases, the fact will cause a
safe restart.

A special feature of the TEA1532 is the valley locking facility. This behavior refers to the quasi-
resonant switching of the output stage in discontinuous conduction mode where the controller decides
to operate at a certain frequency with an applicable peak current depending upon input voltage and
output power. This may cause the power switch to be switched on in the first, second, third, etc valley
of the resonant waveform at the drain of the power switch. When different valleys are used each
period, this can cause audible noise in the transformer due to the modulation of the current (that will
cause varying magnetization levels which can be heard with less well glued transformer core-halves).
The TEA1532 however will not change the valley over a wider range of input voltage variation and
output power and can therefore be used with cheaper transformers without the risk of audible noise.

2.2 Start-up sequence

As soon as the rectified line voltage VDC has increased up to the Mains Dependent Operation Level
(Miever), the internal Mieye; Switch will be opened and the high voltage start-up current source will be
enabled. This current source will charge the V¢ capacitor as depicted in Figure 1. The soft start
switch is closed at the moment the V¢ capacitor voltage level reaches 7V (typ.). This level initiates
the charging of the soft start capacitor Css, up to a voltage level of 500mV with a typical current of
60pA. In the mean time the charging of the V¢ capacitor is continued by the internal high voltage
current source in order to reach the V¢ start-up level. Once the V¢ capacitor is charged to the start-
up voltage level (11V typical) the TEA1532 controller starts driving the external power switch and both
the high voltage and the soft start current sources are switched off. Resistor Rss will discharge the
soft start capacitor Css, resulting in an amplitude increase of the primary peak current to its steady
state value in normal mode of operation. This smooth transition in current level will limit audible noise
caused by magnetostriction of the transformer core material. The time constant of the voltage
decrease across Css, Which is representing the increase of the primary peak current, can be
controlled with the RC combination RgsCss.
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vin T1: input power is applied.

T2: Miever is reached.

T3: Vcc reaches the start up level.

T4: the auxiliary Vcc winding takes over.

GND T5: output voltage is stable.
Vee-start The soft start time and the time to reach a stable
output voltage may be different, depending upon
vee application and output load.

GND

I 520 mV
J\‘L Vcurrent sense

GND

2.5 Volt

\ V-protect
GND

T1 T2 T3T4 T5

Figure 1: Start up procedure

Maximum advantage of the soft start feature can be gained by determining Rss such that the

capacitor Css charges to the maximum voltage of 500 mV: \V _ 500mVv b Ry >8.33kW

> __max
R <  60MA

This is the minimum value for Rss to start with peak currents near zero. A higher value for this resistor
increases the soft start time (at constant Css) or decreases the value of the soft start capacitor Css (at
constant soft start time). The maximum value of Rss should be kept below 100 kWto prevent
problems with offset voltage. A suitable value for Csg is between 47 and 470 nF. The lower limit
however is only determined by the demand that the resistor Rss must be short-circuited by this Css in
order to prevent any delay from the current sense signal to the sense input of the IC. The higher limit
is the maximum time before the V¢ is taken over by the auxiliary winding before under voltage lock
out is reached.

With the given range of Css values and a resistor value of 12 kW, the soft start time is between (Css

discharged to 10% of the start value): t =23 Ry Cy P 13ms£t, £13ms

By increasing Rss, the soft start time can be further increased.

The discharging of Css should be chosen such that the supply voltage V¢ is taken over by the
transformer winding before the supply voltage has dropped below the under voltage lock out level.
The V¢ capacitor therefore must be chosen such that the supply voltage level does not drop below
the under voltage lock out level. The V¢ capacitor value shown in the table above is based upon a
maximum load current of 1.5 mA and a minimum hysteresis (start up voltage minus under voltage
lock out).

It must be noted here however that this time is not the complete start up time. This period is the part
where the primary current slowly increases to its maximum value. If the output voltage then is still
below the desired value, the converter will run on maximum current until the nominal output voltage is
reached.

There are however some extra requirements for the V¢ capacitor. This capacitor must also be able to
maintain the supply voltage under extreme low load conditions where the controller enters the cycle

10
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skipping mode. Therefore the value must not be chosen too low to prevent an under voltage lock out
situation.

2.3 Safe-restart mode

The safe restart mode is entered when the device is triggered by an abnormal condition. These
conditions will be explained in chapter 2.6.

The effect of entering this mode is:

o] The output driver is forced continuously low

0 The Vcc capacitor will gradually discharge to the under voltage lock out level

0 The high voltage current source is switched on to charge the V¢ capacitor again to the
start level

0 The IC starts again.

If the error persists, the safe restart will be repeated until the error is removed or the input voltage
drops below the minimum level.

2.4 Operating modes

The controller can operate in two modes, the discontinuous conduction mode and the continuous
conduction mode. Apart from changes in values of various components, the designer can select the

operating mode by means of the following two pins:

Pin nr. | Name Discontinuous Continuous

4 Control To emitter opto-coupler Via slope comp. resistor to em. o/c
5 Demagnetization | Via resistor to Vcc winding To ground

8 Drain To midtap of primary winding To DC supply voltage

The continuous conduction mode smoothly changes to discontinuous conduction when the output
load drops. This is illustrated in the next figure:

FFDCM

65
Cycle
skipping
N
I
Y4
N
LL

Power

Figure 2: Frequency versus Power

11
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The figure shows the operating frequency as a function of the input power (i.e. the power delivered by
the mains smoothing capacitor). In continuous conduction mode, the operating frequency is fixed at
65 kHz. In discontinuous conduction mode, the frequency varies depending upon the input voltage
and the input power. As can be seen in the figure, one input power can be delivered at various
operating frequencies using the first, second, third, etc. valley to switch the power switch on again.
This depends upon the input voltage and the valley that is used to switch on the power switch.

The line OCP represents the over current protection limit at the right hand side. No operation is
possible on the right hand side of this line. If a load is slowly increased, the circuit will persist
operating in the same valley up to the point where the over current protection is hit. The IC will then
reset the valley counter and again search for a valid operating mode. This will result in a lower valley
number count and a corresponding new frequency and peak current.

The calculation of the inductance of the primary winding in case of a discontinuous conducting
transformer is done for a point on the line “valley = 1", close to the OCP line and close to the
maximum frequency line. The additional constraints here are minimum input voltage (minus ripple
voltage) and maximum output power.

For a continuous conduction transformer design, the inductance of the primary winding is determined
by the minimum output power that has to be delivered in continuous conduction mode at maximum
input voltage.

24.1 Discontinuous conduction mode

In the discontinuous conduction mode the current in the primary winding of the transformer returns to
zero every cycle again before a new cycle begins. The controller senses the magnetization of the
transformer by means of a resistor connected between the auxiliary Vcc winding and the
demagnetization input. The controller will only start a new cycle after the transformer core has fully
demagnetized and a valley is sensed on the drain pin 8.

In this mode the transferred power of the converter equals:

P,=05%L *I2*F Lo primary inductance of the transformer
» PP I, peak current in the primary winding of the transformer
F the operating frequency

This formula can be rewritten as follows:

U2xd2*T L, primary inductance of the transformer
Put = 82*—L Us  supply voltage on top of the primary winding of the
p transformer
T the period time
d the duty cycle of the converter

The drain pin of the controller is connected to a tap of the primary winding to enable the valley
switching: the controller recognizes the valleys (the minimum voltage level) present on the drain of the
power switch and will switch on the power switch in the valley for the lowest possible switching losses.
The frequency can vary between 30 and 65 kHz in this mode, depending upon the load and the input
voltage.

2.4.2 Continuous conduction mode

In the continuous conduction mode, connecting pin 5 to ground disables the sensing of the
demagnetization of the transformer core. The operating frequency is now fixed to 65 kHz. In this
mode the output power is given by the following formula:

12
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U2*d2*T Lp primary inductance of the transformer
Pu=U*14*d +52*—L Us supply voltage on top of the primary winding of the
p transformer

lst value of the primary current at start of the period
T the period time
d the duty cycle of the primary stroke of the converter

From this equation, one can see that, for the same output power and operating conditions, the
primary inductance of the transformer in CCM is (much) larger than in DCM.

25 Low Power mode

When the required output power drops, the frequency of the converter, operating in discontinuous
conduction mode, will automatically increase (while reducing the duty cycle) until the maximum
frequency of 65 kHz is reached. At this point only the duty cycle will be further decreased until the
minimum possible on-time is reached.

With a minimum on-time of 500 ns, the minimum amount of energy per cycle is determined. This
means that for an even lower output power the frequency will be reduced.

In continuous conduction mode, the frequency is fixed at 65 kHz. This means that only the duty cycle
can be reduced to decrease the output power. At a certain power the circuit will smoothly change over
to discontinuous conduction mode. At the minimum on-time, the frequency will be reduced to enable
the decreasing output power.

2.6 Protections
The TEA1532 is equipped with a number of protections to safeguard the application.

2.6.1 Mains enabling threshold level

This function safeguards the application for an unwanted start-up at too low input voltages. The
typical level is 80 VDC, measured on the drain pin 8 of the IC. This level is called the Mgyel.

The level can be shifted upwards however by inserting a series resistor with this pin, due to the fact
that this pin also carries the start-up current. The voltage across the series resistor in fact decreases
the actual voltage on pin 8 with respect to the voltage across the main supply capacitor. In other
words, the voltage for start-up as measured on the main supply capacitor is increased. The following
formula shows this: M Level _ Appl. =M Level _IC + Ii(Drajn) Rserie_pins
With a typical liprainy Of 1.2 MA, a resistor of 8.2 kWwill increase the Mie With 10 Volt.

Once the input voltage has crossed the Mg the circuit becomes inactive. This means that when the
input voltage, after starting up, drops below the M., the IC will not stop operating.

2.6.2 Brown out Protection

The brown out protection is realized via the demagnetization winding and is therefore not active
during continuous conduction mode. This can be overcome with some extra components to realize
brown out protection in continuous conduction mode also.

The demagnetization sensing resistor is connected between the auxiliary winding and the demag pin
6 of the IC. During the primary stroke of the conversion cycle, the transformed input voltage is present
across the auxiliary winding. This causes a defined current in the demag resistor, since the voltage at
the IC pin is clamped at approximately -250 mV. The IC measures the current flowing out of the pin,
which can be chosen by the designer by means of the resistor value. The current actually represents
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the amplitude of the input voltage and is therefor compared to a reference current in the IC. The
current representing the input voltage must be larger than the reference current, otherwise the IC will
shut down. In this way, the IC prevents the converter from operating at too low input voltages.

The designer can choose the value of the resistor and in doing so, he chooses the minimum operating
voltage.

It is advised to choose the minimum operating voltage below the M. Otherwise there is an area
where the IC tries to start-up but immediately is stopped again, depending upon the decrease in drain
voltage pin 8 due to series impedance. This will cause a repeated start-up / shut down / safe-restart
condition.

2.6.3 Over current protection

The sense input is connected to the current sensing resistors to close the current control loop. This
pin is in the IC also connected to the over current protection comparator. At an input level of 520 mV,
the driver is switched in the low state to prevent too high currents in the output stage.

The over current protection function incorporates a so called “Leading Edge Blanking” to prevent the
function from triggering at the spike at the start of each stroke. This implies that the application does
not need any filter at the input. This improves the protection function because there is no delay
anymore between actual current and the sense signal.

2.6.4 Soft start

Before the IC starts up, a current is sourced out of the sense pin 6. This current can be used to
charge a capacitor in the current sensing circuit. The voltage across the capacitor is then effectively
lowering the current sense level, in fact lowering the maximum peak current during start-up. By
gradually discharging the voltage across aforementioned capacitor, the soft start is realized after
which the normal current protection level is applicable.

2.6.5 Maximum on-time

In discontinuous conduction mode, the converter is protected for too long on times by an internal
maximum timer. This timer will shut down the converter whenever the on-time exceeds the internal
limit. When this situation is recognized, the IC will perform a safe restart.

2.6.6 Maximum duty cycle

In continuous conduction mode, the converter is protected for too long duty cycles by an internal
maximum timer. This timer will shut down the converter whenever the duty cycle exceeds the internal
limit. When this situation is recognized, the IC will perform a safe restart.

2.6.7 Demagnetization

The demagnetization sensing prevents the converter from running in continuous conduction mode by
sensing the magnetization state of the transformer.

2.6.8 Over temperature protection on the die

The IC has a built in temperature protection. When the temperature of the die exceeds 140 °C, the IC
will shut down. The die temperature then has to drop at least 8 °C before a new start-up is performed.
The new start up is only possible after the input voltage has dropped below the Migye.
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2.6.9 V¢ under voltage lock-out level

The supply voltage of the IC is monitored continuously. When the V¢ drops below the under voltage
lock out level Vccuvio) the IC stops immediately assuming a fault condition. A safe restart is
performed:

0 The power switch is imediately shut off.

0 The high voltage start up current source is enabled to charge the Vcc capacitor to the start

level.

0 The soft start circuit in the current sense circuit is enabled.

0 Switching of the power switch is enabled.
If the error persists, the above sequence is repeated.

2.6.10 Protect pin

The protect pin can be used in two different manners:

0 Open loop protection timer pin

o0 Input for external protection circuits.
The open loop protection timer functions as follows:
An internal comparator monitors the voltage on the control pin. This comparator has a reference
voltage of 630 mV. In case the control voltage drops to a level below this threshold, a current is
sourced out the protect pin. This current indicates an abnormal level on the control pin, for instance
an open feedback loop or an overload condition. These conditions can normally happen for short
intervals without damaging the circuit. However if this situation continues, it is assumed that
something is wrong. By charging a capacitor connected to the protect pin with the source current, a
timer function is realized. The level on the protect pin increases and eventually will trigger one of the
internal comparators.

The protect pin 3 may also be used by external circuits as an input to shut down the IC in case of an
abnormal situation.

The voltage on the protect pin is sensed by two comparators:
0 At 2.5 Volt, the IC stops and performs a safe restart.
0 At 3.0 Volt, the IC stops and is latched in this off state until the voltage on the V.. pin drops
below 4.5 Volt typical.
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2.7

IC pin description

Name

Pin

Description

1

This pin is connected to the internal supply rail. An internal current source charges the
Vcc capacitor (from pin 8) and a start-up sequence is initiated when the voltage
reaches a level of 11.0V. The output driver is disabled when the voltage drops below
Vcewuvioy: 8.7V. Operating range is between 9.5V and 20V. In case the pin is open-
circuit, the voltage is limited to a save value and the device will not start.

Ground

N

The ground reference pin of the IC.

Protect

The protect pin can be used:
To detect an open control loop / output short circuit.
As input for external protection circuits.

Control

This input controls the current in the power switch. The normal operating range is from
1V to 1.5V. Below 630 mV, the current source in the Protect pin is switched on.

Demag

In discontinuous conduction mode, this pin is connected to the V¢ winding via a

resistor. It has two functions:
During magnetization the auxiliary or Vcc winding voltage causes a current
through the resistor that is compared with a reference current. If the input current
falls below the reference current the input voltage is too low and the device is
switched off (brown-out);
After demagnetization has started, the winding voltage must drop below a pre-
defined level to prevent the converter from continuous conduction mode.

In continuous conduction mode, this pin is connected to ground.

Sense

This pin is connected to the current sensing resistors via a soft start circuit. The
functions performed via this pin are:
Soft start: by connecting a resistor Rss parallel to a capacitor Csg between the
sense resistor and this pin;
protection for over current (OCP) 0.52V.

Driver

Driver output of the IC to the gate of the power switch.

Drain

The start up current source is connected to this pin. It is also the input of the valley
detector circuit.
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3. DESIGN OF AN ADAPTER SUPPLY FOR GLOBAL MAINS IN DCM

3.1 Introduction to design

This chapter shows a way of design of an adapter power supply operating in the discontinuous
conduction mode. From the specification, all critical components are treated and finally measurement

results are given.

3.2 Supply specification

1. INPUT

- Input voltage range :90...264 Ve
Rated input voltage range : 100...240 Vac
Line frequency range 1 47...63 Hz

Inrush current at 25°C

: 25 A maximum at 115 Vac

50 A maximum at 230 Vac

Input current : 1.5 Ajps max.
2. OuTPUT
Output voltage : 20 Vpc = 4%
Ripple (P,: 10 to 90%; t, < 0.1 ms) : <350 mV,,
Noise (F < 640 kHz) : <200 mVy,
Nominal output power 160 W
Peak output power ;90w
3. Efficiency
- Po=60W : >80% (including power losses in input filters)
Protections

Over Power Protection (OPP)
Short Circuit Protection (SCP)
Over Voltage Protection (OVP)

: 150% of Pymax, @uto restart
: Auto restart type, P, <7 W
: < 26 V(safe restart)

5. Soft start

- Settling time : < 15ms to within 1% at nominal load
Overshoot 1< 3%

6. Turn on time

- Nom. load; Vin = 90 VAC :<05s

7. Hold up time

+ Vin =110V / 60 Hz, Po =60 W . >16.7ms

Leakage current
Input to output
Input to ground

: <5 pA (L00MW minimum at 500Vpc)
: <5 YA (L00MW minimum at 500Vpc)
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9. Line Regulation & Load Regulation

Line regulation (P, = Pnom.)
Load regulation (P,: 10 ? 90%)

10. Green functions

: 1% Max.
: 3% Max.

Input power over rated input voltage range at:

500mW (Stand-by)
no load

1< 1.25W
1< 700mwW

11.

Not applicable for continuous conduction mode.

Brown out test

Test Condition:
The AC input voltage of the power supply will be decreased in steps of five Volt starting at 90 Volt.
The change of the AC input voltage will take < 5 sec., while the new input voltage will be applied
during 15 min. The voltage at the output and the efficiency of the supply will continue to meet the
specification until the supply stops operating and the input power falls to the zero load condition.

Input Voltage (AC) Input Power Output Power Remark

o0V 74 W 60W
85V 74 W 60W
80V 74.2 W 60W
75V <30 W T 24W Output voltage ramps
70V <20 W ~ 13W up and down.
65V <10 W "~ 5W
60V Off (<0.1 W) oW
55V Off oW

=50V Off ow

12.

13.

14.

15.

Safety requirement

Meet international standards

EMI requirement

Meet international standards

Printed circuit board
Technology
Dimensions

Environment
Operation temperature
Operation humidity
Storage temperature
Storage humidity

: single sided FR2
: 134 mm (L), 88 mm (W) and 40mm (H)

- 0...60°C

:10...90% RH
:-20...60°C
: no condensation
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3.3 Design data
The following parameters are used in the next chapters for calculation:

Name Value Dim. | Description

VAc min 90 V The minimum AC input voltage from the mains

Vac max 265 V The maximum AC input voltage from the mains

fi min 47 Hz The minimum line frequency

fi max 63 Hz The maximum line frequency

Vbe min 77 V The minimum DC voltage across the input capacitor

Vbe max 373 V The maximum DC voltage across the input capacitor

Vac_nom 115 V The nominal AC input voltage for mains interruptions and lifetime
calculations

V, 20 V Output voltage

Po min 0 W Minimum output power

Po nom 60 W Nominal output power

Py max 90 W Maximum output power

h > 83 % Target efficiency of the power supply at P,y = nominal

Bmax 280 mT Maximum core excitation

A 139 mm? | Effective core cross-sectional area

\ 500 mV | Forward voltage drop of the secondary diode

3.4 Input and output power

The output power of the circuit is 90 W peak, at a continuous output rating of 60 W. The thermal rating
of the transformer has been calculated such that the peak power can be delivered during 10% of the
time in 1 second intervals.

The total input power of the circuit has therefore been determined to be less than 75 W, so there is no
need for power factor correction.

3.5 Main supply capacitor

The AC input voltage is peak rectified and buffered by a large main supply capacitor. There are two
constraints determining the value of the capacitor:
o0 Minimum input voltage on top of the transformer: this is the peak rectified minimum AC input
voltage minus the peak-peak ripple voltage;
o Nominal low input voltage interrupted during 16.7 ms
The value of the input capacitor is given by the next formula in case of maximum load (75 W - “input
filters” - “rectifiers” = 73 W) at minimum input voltage (90 VAC):

Po_max 90 W
a’-b & . S Vdc_min 77V
- DC_min - —
Py e é o +arccos§ o Vac_min 90 V
C.. = , , AG-min 20 . fline 50 Hz
p fline Q/Ac_min \/E - VDC_min) b/AC_min \/E +VDC_min) C_mains 139 LJ.F
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A simple verification can be done with respect to the mains interrupt requirement:
For simplicity | assume an average current, based upon a nominal input voltage of 115 VAC at an
average output power of 75 W, is drawn from the supply capacitor during one missing cycle:

Vac 115 v
Vdc_min 7V
Po 75 W
[ \ ﬂ/ \ Vdc_min frequency 60 Hz
Cmains 168 pF

Figure 3 AC input voltage with one missing cycle

A value of 150 uF is chosen.

3.6

Transformer turns ratio

The two major factors here are:

o Drain to source voltage of the power switch: at the start of the demagnetization, the leakage
inductance causes a voltage spike. The voltage spike due to the leakage inductance is taken

here 60 Volts for the calculation.
0 Reverse voltage across the secondary rectifier diode.

The first factor sets a maximum to the transfer ratio, while the second factor sets a minimum.

MosFet Secondary diode
STP7NB60FB PBYR20100CT
Vs max. 540 End-of-life Viev. 100
Vspike 60 Vforw. 0.5
Vi-max. 373 240VAC + 10% Vo 20
N — VDS- max Vspike - Vi-max b N =5.22 Nmin - \/i—max. b Nmin =4.66
h Vo +Vforw. e . Vrev. - Vo .

For the calculation, N=5 is used, but this may be changed between the above limits if the number of
windings make this favorable.

3.7 Maximum duty cycle
The maximum duty cycle can be calculated from the following formula:
N 5
4 = N (\/0 +\/F) Vo 20 Volt
PN, +V )+ V. \%i _ 0.5 Volt
Vdc_min 77 Volt
Duty 0.57

This is valid at the lowest possible supply voltage as stated in the table above.

Another limitation is the maximum operating frequency of the IC. The lower maximum is 50 kHz.
This gives the following result for the maximum allowed on time of the power switch:

T =0me (To = Toe)=0.57" (20- 1.11)P T, =10.7ns

er
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In discontinuous operating mode, the on-time of the power switch is bound to an internal maximum of
25 ps. Since the maximum on time in normal operation is 10.7ps, this internal limit is no problem.

3.8 Transformer primary inductance

The primary inductance of the transformer is determined by the requirements for minimum input
voltage and maximum output power. At that operating point, the converter should run close to the
maximum frequency and peak current. By designing so, the maximum power is also limited. The
circuit is then switching on in the first valley after demagnetization as shown in the figure.
T-on : primary stroke
T-off :secondary stroke y 2
T-osc. : half cycle of the oscillation
of primary inductance and V-leak
drain capacitance.
T-per. :the sum of all previous 1

parts
V-in  :supply voltage
NVo | vd
NVo :transferred secondary ° °
voltage
V-leak : voltage spike due to |
leakage inductance 1
Vds :total drain to source
voltage
V-in
B T-on . T-off R
“ Toper. f?j T-osc

Figure 4 Waveform on drain of power switch

The frequency of the resonant waveform after the demagnetization is determined by the primary
inductance and the total capacitance present on the drain of the power switch. The frequency range
of the IC for detection LVS is limited to approximately 700 kHz. Here we chose an oscillation
frequency of 450 kHz, in order to reserve some headroom and limit the dV/dT of the drain voltage.

The primary inductance can now be calculated according to the following formula:

Vi 77 Volt
2. 2, Ton 10.7 l..lS

L = w F 57 kHz
2" P Pmax 98 W
L 197 pH

As a design value we choose the primary inductance 200 pH.
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3.9 Transformer definition

The peak power that has to be handled by the transformer includes the losses in the transformer and
the secondary diode. The peak power is therefore increased with 5 W.
The peak current in the primary loop is given by:

2” P Pmax 98 Watt

I, = L,?X L 200 pH
F 57 kHz

Ipeak 415 A

The transformer core has been chosen a PQ26 type.
The number of turns for the primary can now be calculated:

L 200 pH
N =—P2 Bmax 220 mT
p B A5
max Ae 109 mm2
Np 35 turns

The maximum magnetization of the core for the calculation has been decreased somewhat in order to
create some margin at high operating temperature.

35

E p ns =7

n
The number of secondary turns then becomes: ng WS
3.10 Auxiliary winding
The supply voltage of the IC has to be at least 13 Volt (max. is 20 Volt) for sufficient drive voltage of
the power switch. This means that the output voltage of the auxiliary winding must be one diode
voltage drop higher: 13.6 Volt.

The volts per winding can be calculated from the V,+V, 20+0.5
secondary output: v, = ; = - P v,=293
Vee-min Vi _13+0.6
i _— . n 3-cmn f - b n, 3 464
The auxiliary winding then must have: aux v, 2903 aux
A number of 5 turns gives a V. voltage of: V,.=nv,-V,=5 293-06pP V,=14.1:VolIt
3.10.1 dVv/dt Limiter (resonance capacitor)

For EMI reasons, one should limit the switch off drain-source slew voltage rate to < 8 kV / ps. The
chosen resonance capacitor and the peak current in the primary winding of the transformer result in a
slew rate of VAR 4.1 \/

v_ > bd—:7.3><kV/us
d¢t C, 570pF dt

3.11 Driver output and dissipation of the MOSFET

The driver output of the IC has different source and sink capabilities.

The maximum source current is chosen such that the power switch is turned on at a controlled rate.
This causes the discharging of the drain to source capacitance in such a way that large current spikes
(extreme high peak in an extreme short time) cannot occur. This helps reduce the EMI of the circuit.
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The maximum sink current of the driver stage is much larger than the source capability to allow for a
rapid turn-off without causing extra dissipation. The voltage slew rate must then be fixed by adding an
extra capacitor across the drain-source terminals of the power switch.

3.11.1 Switching losses

The switching losses of the power
switch refer to the losses due to the
discharging of the capacitance that is
present on the drain terminal of the
device. These losses are minimized
due to the valley detection of the IC.
This means that the power switch will
be switched on exactly at the

NVo minimum voltage of the resonant
voltage swing that is present on the
drain terminal. This resonance is

caused by the primary inductance of

\ | the transformer and the capacitance
on the drain terminal.
4 s V-in
3
2
1

Vds

A, y

Figure 5 Switching losses as a function of output valley

As can be seen in the figure, the losses are influenced by the valley where the IC switches on the
power switch. The resonant voltage swing is damped somewhat which causes the amplitude to drop
with each cycle. Therefore, the switching losses increase with each next cycle.

The formula for the switching losses is: p = > C, \/2 F,

SwW
As one can see, the losses depend on the actual switching frequency, which again is dependent upon
the output power and the input voltage. See also the application note for the TEA1507 (ref. 1).
In the next table these losses are given for two input voltages and three output powers:

Switching losses Input voltage Remark

Output power 115 VAC 230 VAC

10 242 mW 1.33W

60 114 mW 1.0W

90 135 mW 0.95-1.12W 230 VAC:n,=50r3

The influence of the higher input voltage is of course significant: a three times higher drain voltage (“V;
— N*V,"; where N*V,; is attenuated more and more for a higher number of valleys n,) causes a nine
times higher dissipation. Also the valley that is used to switch on the power switch influences the
switching losses. In the measurements given above, at 90 W and 230 VAC, the voltage increase for
the higher valley number is completely cancelled by the corresponding frequency decrease.

3.11.2 Conduction losses

The conduction losses are the losses due to the Rps.on Of the power switch. These losses can be

calculated from the RMS current through the device: P =12, R,
cond RMS S-on
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d

The RMS current can be calculated from the peak current using the formula: Y
3

The peak current is dependant upon the input voltage and output power. However, in the case of
TEA1532 there is one other point to be kept in mind: the IC uses LVS and may switch on in the first ,
second, third etc. valley. This means that there is more than one solution for a certain output power
and input voltage combination.

The peak current is given by the formula: NV +V. b \/6ENV +V (‘jz
= [o] | + [0) | =

C
Vo TVipz 4 opp [22 (20 - 1
N VAV g AV * LP( )

In which n, is the number of the valley that the power switch is turned on.
-1
- NV +V, 0
From the peak current, the frequency can be determined: F :a?_| —° "i4p(2n - 1)/L.C. T
gPNVoVi p(nv )PD!.Zj
The switching frequency must lie between the minimum and maximum limits of 31 and 65 kHz. If the
frequency is outside the limits, a higher or lower valley number n, must be chosen.

If we assume an average output power of 75 W with an average input voltage of 100 VDC, it can be
found that with n, = 2, the peak current is 3.6 Ampere with an operating frequency of 56 kHz. The
RMS current becomes 1.34 Ampere. This results in conduction losses of 4.3 W (T; = 125 °C and Rgs-on
=1.2 O max at 25 °C)

3.11.3 Total losses

The sum of switching and conduction losses is the total power dissipation of the power switch. The
maximum power dissipation is 4.5 W at minimum input voltage and maximum output power.

3.12 Current sense resistor

When the peak current is known, the value of the current sense resistor can be calculated. From the
transformer calculations, a peak current of 4.15 Ampere was determined. This gives a current sense
resistor of: V 0.52

Because the sense voltage of the IC has some tolerance (+/- 8%) and there is some headroom
necessary, the actual value for the resistor is decreased with 20%. Furthermore, to lower the total
inductance of this measuring resistor, three devices are connected in parallel:

Res = 0.39 W// 0.39 W// 0.22 W.

All resistors should be types with low inductance.

The power dissipation is worst case is when the peak current is reached with the highest duty cycle:

. [o57,,
. voemy? 05274750

R R, 0.103

b P =500mW

3.13 Soft-start circuit

The soft start circuit is established by means of a reduced peak current during start up.
The reduced peak current is realized by means of a decreasing voltage source between current
sense resistor and current sense input of the IC.
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For soft-start, the RC components R;33 and C;;; are calculated as follows:
with the soft start current, the voltage drop across the resistor must be larger than the over current
protection level of 520 mV:

Ve _ 52
Ryg® ==

=_— =8666XAN Take R113 =12 kW.
|l 60
the soft start timing is determined by Ri;3 X Cy11; This time should be chosen short enough to
avoid the activation of the protection pin. During the start up, the protection pin sources a current
due to the fact that the control voltage is still below the limit of 630 mV (Control detect level). This
means that in this application the soft start time should be below 40 ms ( see chapter 2.6.10 for
the protection timing calculations):

Co<to=90 b o c33aF

< — =

R,; 12000
To enable a rapid start up, we choose Ci;; = 220nF: this will cause a short start up time of less than 3
ms.
NB: the soft start circuit time has nothing to do with the start up of the V... The V¢ is first charged up
to the start level, then the IC initiates the soft start timing.

3.14 Peak clamp

The peak clamp circuit consists of D;gs, C106 and Ryo4 Optionally an additional Ryga.

Since the power switch is a 600 Volt device, the diode must have the same voltage specification. The
peak current rating must exceed the peak current in the primary of the transformer: 4.4 A. The
average current however is much smaller.

Important is also the switching behavior: the diode should have very low forward recovery voltage and
low reverse recovery time.

The voltage across Cige is assumed to be 1
constant, under the condition: Rios XCigs >>
switch

The dissipation of Rjp4 can be calculated P = VR2
using: R~ R,

04
As a rule of thumb the dissipation level in a 3
resistor should be half its rated value. For a P =0.25W

500 mW resistor, this results in:

The voltage across the power switch after Vos ot =Vin ae + NV Vi ientage
switch off equals: - - -
This is higher than V.4 so the diode will

conduct and the voltage Ug across the Ve =NV, +Vspike_leakage

resistor Rig4 equals the voltage difference: NV +V_ 2
i P, :( : Eke—'eak""ge) =0.25
eading to:
’ (Nv, +v i 2
— o spike_leakage — (5 >Q0+60) :100kW
Solvi - o P 0.25
olving for Ryp4 results in: R
1

t =Ry Cipe > ——

switch _min

Given the initial boundary condition:
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Cios >> ! > L >> 323 pF

>
3 3
The capacitor value can be found: auitcn_min Ros 3140740040

The capacitor however is in first instance charged by the peak current of the primary winding of the
transformer. This causes momentarily a large increase of the voltage that must be limited in order to
meet the maximum voltage limitation of the power switch. Therefore the value of Cy¢ is taken 10 nF.
The voltage rating is 200 Volt.

The diode D8 should be a fast type to effectively clamp the voltage spike of the leakage inductance.
The reverse voltage rating of diode D8 should be the same as the maximum voltage rating of the
power switch. The minimum reverse voltage rating is therefore 650 V. The peak forward current can
be equal to the peak current in the transformer primary (and this is a repetitive current), i.e. 4.15 A.
The average current is however rather low, I, <1 A.

3.15 Demag sensing

The demag sensing is a simple resistor tied between pin 5 and the V¢ winding. This value of this
resistor however is determined by the brown out protection function, which will be discussed next.

3.16 Brown out protection
The brown out protection can be calculated by the following formula:

n_aux 5 turns
_ V. _n,. Vi n_prim. 35 turns
Ry, = | = 1 vdc_min 80 V
threshold p threshold Ithr. 66 HA
R122 173 kW

The minimum input voltage limit must be chosen below the lowest ripple voltage at minimum AC
input. In other words, if the minimum operating voltage, as measured on the mains smoothing
capacitor Cygs5, under peak load conditions, is 80 Volt, then the value of R1,, must be less than 173
KW.

We choose Rz, = 150 kW, which sets the value for the minimum supply voltage to 63 +/- 6.3 Volt
(excluding tolerances in the transformer and the resistor).

3.17 Over temperature protection

The over temperature protection is realized with an external NTC resistor Rygs. This NTC is thermally
connected to the heatsink of the power switch.

The temperature sensing circuit has a built in threshold Do and D1qe, to decouple it from the rest of
the protection circuit. A 6.2 Volt zenerdiode is chosen for it's excellent performance: low leakage
current, sharp zenering behaviour and low temperature dependancy.

The total threshold is now: V,, = Vo8 +Voie * Verger P Vin =6.2+0.4+25b V, =9.1:Volt
The resistance of the NTC with respect to temperature is given in the datasheet of the device. From

these data it can be derived that with the threshold of 9.1 Volt, a supply voltage of 12.4 Volt, resistor
R106 should be 6200 O for a protection level of 140 °C.
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3.18 Over voltage protection

The overvoltage protection uses the auxiliary winding to detect an overvoltage. The winding voltage is
attenuated (R115 / R119) and the leakage inductance spikes are filtered out of the signal to prevent
false triggering (C112). The output is rectified (D111) and smoothed with the already present timing
capacitor (Cy09). The presence of R;g is to add a small discharge current to prevent charging of Cig
due to increased leakage current of D;1; at high temperatures. Capacitive feedthrough by Dy is
reduced by means of resistor Ryg.

This protection however functions only well if the auxiliary and the secondary winding are well

coupled.

The OVP level can be determined with the following formula:
n_sec 7 turns
n_aux 5 turns
R_118 13 kW
R_119 2.7 kW
Vi D111 0.5V
V_prot 25V

OVP = ::SEC * Rus "R - (\/F_Dlll +VProt.)

aux Rllg OovVvP 24.4 V

3.19 Ve supply

The windings in this transformer design are such that the coupling between the auxiliary winding and
the secondary winding is quite low. This results in a large voltage spike on the auxiliary winding and
that causes a large variation in winding output voltage with respect to the secondary load. This
variation is such that the maximum voltage on the IC pin 1 is exceeded. The V¢ supply is therefore
equipped with a series stabilizer to prevent too high voltages on pin 1 of the IC.The extra series
stabilizer consists of Q0. / D119 / R1g7 and supplies a constant voltage of 12.4 V to the IC.

Capacitor Cyqg is the buffer for the start up current.

Capacitor C;13 must have a high voltage rating due to the peak rectification. This can give an output
voltage of upt 37 Volt depending upon the coupling of primary and secondary winding and the output
power.

3.20 Secondary diode

The design of the transformer regarding the turns ratio is such that the maximum reverse voltage for
D,o: is limited to 100 Volt. This means that we can use a Schottky barrier type, which gives low
forward voltage drop and subsequent low power dissipation.

np 35 turns
ns 7 turns
R n,, » Iprim. 415 A
The peak current in the diode is: a1 = o | orim. I(D201) 20.75 A
S
~ o d duty 0.4
The RMS current is then: I 5201 (RMS) = 15501 3 I((RMS) 7.58 A
- IAozoll d
And an average current of: | 5o (AV) = 5 IAV) 415 A
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The parallel connection of the two diodes of one PBYR20100 is adequate for the application, both in
reverse voltage and forward current.

From the datasheet, we find the equivalent series resistance of the diode is 11 mW (at 125 °C) and a
forward voltage drop of 0.63 Volt; leakage current at this temperature is < 150 pA.

The power dissipation therefore is: Vi 0.63 V
lav 4.15 A
Irms 7.58 A
Pooor =V&~ Iav+||iMS, R+Ve" 1" d R 0.011 W
Vr 100
Ir 150 pA
duty 0.4
P 3.25' W

The high power dissipation of the diode makes it necessary to mount the diode on a heatsink.

3.21 Secondary capacitor

The value of the secondary capacitor(s) is mainly determined by the ripple current, the voltage rating
must comply with the maximum value in case of an error situation (open feedback loop).
The ripple current is determined for an average output power of 75 W:

Vin_ DC 100 200 300 373|V
F 56210 64400 59114 61492|Hz
le aus = o oc %_ 1 Ip_prim 3.62 3.38 3.53 3.46|A
- - N 5 5 5 5
Ip_sec 18.1 16.9 17.65 17.3]A
duty(sec) 0.41 0.44 0.42 0.43
Ic_RMS 5.66 5.39 5.56 5.48|A

According to the data sheet, 2 capacitors in parallel of 1000 pF from the ZL series of Rubycon are
allowed up to 2.5 Ampere each at 105 °C. Therefore, caution should be taken when using the design
at maximum load during longer periods of time and/or at higher ambient temperature.

3.22 Voltage feedback circuit

The voltage feedback circuit is kept very simple but nevertheless achieves high accuracy. No
adjustment is available nor necessary, therefore the value of the output voltage can vary 2 — 3 % from
sample to sample. The inclusion of the TL431 in the feedback loop however certifies good stability
and high ripple and load rejection.

3.22.1 Error amplifier

The output voltage division with R,o4 and R,gs exactly matches the requirement for a 20 Volt output. In
standby conditions (no load) the resistors also form a minimum load of 40 mW. This minimum load
assures the continued operation of the circuit under no load conditions without performing restarts.
The values for the feedback around the TL431 (Raxos / Caoz / Cso4) are determined in the actual working
circuit by means of a network analyzer. These values depend on a large number of factors due to the
fact that the gain of the circuit varies with load. For details on designing this part of the circuit, the
author wishes to refer to the existing literature on this part.
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3.22.2 Opto-coupler

The LED of the opto-coupler is directly fed from the output voltage since this is the only available
source on the secondary side. An extra low pass filter to remove disturbing components from this
supply is not necessary. The value of Ry, is chosen such that at higher frequencies, where the TL431
acts as a voltage source, the loop transfer is already low enough without disturbing the stability.

The transistor of the opto-coupler is connected to the supply via a resistor Ri,;. In case of a short
circuit of the collector to emitter of the opto-coupler transistor, this resistor prevents the voltage on the
control pin 4 from reaching too high (damaging) values. If necessary, in case of large ripple voltages
on the supply, capacitor C;14 can be added to reduce feedthrough of especially high frequency spikes.

3.22.3 Loop response

The loop response was measured using a network analyzer. The result is a bandwidth of 4.2 kHz and
a phase margin of 58 degrees at 60 Watt load and 230VAC.

3.23 Miscellaneous

A printed circuit board was designed with the circuit as shown in Error! Reference source not
found.. A complete sample board can be requested from the sales department.

For a new design, some points should be kept in mind for the layout:

0 Mains input part: keep input tracks close together to reduce possible pick-up.

o Primary current loop: keep area as small as possible to minimize stray field.

0 Secondary current loop: keep area as small as possible to minimize stray field.

o0 Feedback sensing point: connect the sensing points of the erorr amplifier part to the output
connector directly. This will compensate for possible voltage drop of copper tracks.
Current sense input: place a resistor in series with the soft start RC combination to prevent
charging of the soft start capacitor during normal operation. This causes an offset voltage that
effectively reduces the peak current and the maximum output power. See also reference 1.

(@]
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Figure 6 Circuit diagram for discontinuous conduction mode
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4. DESIGN OF AN ADAPTER SUPPLY FOR GLOBAL MAINS IN CCM

4.1 Introduction to design

This chapter shows a way of design of an adapter power supply operating in the continuous
conduction mode. As in the previous chapter, all critical components will be treated and measurement
results will be given.

Since the specification is the same, reference is made to chapter 3.2.

The same holds for the design data, see chapter 3.3.

4.2 Transformer turns ratio

The maximum turns ratio of the transformer is limited by the maximum voltage of the power switch.
On the lower side, the reverse voltage of the secondary diode is limiting the turns ratio of the
transformer.

One other point the designer has to keep in mind is the minimum output power in continuous
conduction mode: when the load drops, the current in the transformer will also decrease and at a
certain load the current will not be continuous anymore and the converter changes to discontinuous
conduction mode.

A fair design criterion is to choose the lower continuous conduction power output around ¥4 to %2 of
the maximum output power. A lower minimum value increases the primary inductance that increases
the core size.

In this design the following start values have been chosen:

373 V  |maximum bridge voltage Global mains range minus capacitor ripple
80 V  |minimum bridge voltage voltage

20.0 |V |nominal output voltage

37.0 |W |minimum output power for CCM

90.0 |W |maximum output power

540 V  |breakdown voltage MOSFet excl. leakage spike; end of life

150 V |reverse voltage sec. diode

63 kHz [fixed switching frequency TEA1532 data

The reverse voltage for the secondary diode has been increased to 150 Volt to allow a smaller turns
ratio that is beneficial for the switching losses. Otherwise the primary inductance increases
significantly (resulting in a large core size) or the lower limit of continuous conduction operation
increases to an unacceptable value.

Given above data, the turns ratio must be between 2.87 and 5.17. For this design is chosen for N = 3.

4.3 Maximum duty cycle
In this application, the duty cycle is given by the range of the input voltage (fixed turns ratio):

N 3
__ NV Vo 20.6|Volt
V,+N" V, Vi_min 77{Volt |Vi_max 373|Volt
duty _max 0.45 duty _min 0.14

The maximum duty cycle of the IC is 70 %. Therefore there is no conflict with the IC limit.
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4.4 Primary peak current
The primary peak current is defined now and can be calculated using the following formula:

Po_max 90 W
r _ I:)o max +VDC min, dmax VdC_min 77V
P~ - = Duty max  0.446
VDC_min dmax 2 F Lp = y 63 kHZ
Lp 682 uH
Ipeak 3.02 A

45 Transformer definition

The primary inductance can now be calculated from the minimum CCM power (= 37 W) at maximum
AC input voltage:

Vi_max 373V
_\/in_max, dmin, N N 3
p 27 T FE Duty_min 0.14
out_min lout_min 1.85 A
Freq. 63 kHz
Lp 682 puH

The core for this design was chosen a PQ type. The PQ26 core, as used in the design in
discontinuous conduction mode, cannot be used due to insufficient winding space with the desired
inductance. Therefore a one size bigger core, the PQ32 is used. The turns ratio was chosen as stated
above due to the available winding area and preference for triple insulated wire for this sample
transformer. This gives the following winding data:

Lp 682 pH
L fp Ip 3.02 A
n, —ﬂ Bmax 280 mT
max Ae 169 mm2
np 43.5 turns

With 42 turns of primary windings, the winding fits on two layers. This will increase the magnetization
somewhat, but this is not such a big problem due to the continuous conduction mode that uses only a
small modulation range of the magnetization.

For a turns ratio N = 3, the secondary winding then becomes 14 turns.

The current amplitudes are shown in the next table:

ltem value Formula Remark
Primary peak current 3.02 | A | See above Output power is 90 Watt, which
Primary start current 222 | A - V. ..d may drive the core close to
lp st =lp - —= = saturation.
Lo F

Secondary start current | 9.05 | A | [_=N" [,

Secondary end current | 6.73 | A

<

ls gng =ls- =2
- L

L1-d
F

S
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4.6 Auxiliary winding
V,+V, 20+0.6

With reference to chapter 3.10: Vv, = - ) P v, =147
Vcc- min +V 13+0.6
The auxiliary winding then must have: Ny 3 L= P n,?%925
v, 1.47
A number of 10 turns gives a V. voltage of: V,.=n"v,-V, =10" 1.47- 0.6P V_=14.1:Volt

4.7 Power switch

4.7.1 Switching losses

The power switch is in continuous conduction mode hard switching. This means that for the switching
losses, the most unfavorable situation: maximum drain voltage; must be used. Since the frequency is
fixed at 65 kHz, the switching losses are maximal at the highest input voltage.

1

= :E' Cy’ \VAa F,
Cd 570|pF N 3 Vo 20.6|V F 63|kHz
Vdc 1001V Vdc 200|V Vdc 3001V Vdc 3731V
Psw 0.5|W Psw 1.21W Psw 2.4\W Psw 3.4|\W
4.7.2 Conduction losses

The conduction losses depend upon the current through the device and therefore upon the output
power. The losses are maximal during maximum load, however for this calculation | assume an
average load of 75 W.

The current in the power switch P V, + NV, oy VNV, T | end
IS- Siart _End VNV, V, + NV, 2L,Fg, ! sart
For lgn take “-“ and for lgnq take “+” in the calculation.

The RMS value of this d

waveform is: | s = \/(I 2t Flawd g + 12 )§ ] 0
With an average power of 75 W the result is as stated in the next table:

Lp 682|uH [Fsw 63|kHz|N 3 Vout 20.6|V

Pout 75|W |Rds(25) 1.2|[W |Rds(125) 2.41|\W

Vdc 100V |vdc 200|V |vdc 300]V |Vvdc 373|V

duty 0.38 duty 0.24 duty 0.17 duty 0.14

Istart 1.52]|A |lstart 1.04|A |lstart 0.87|A |lstart 0.80]A

lend 2.41|A |lend 2.14|A |lend 2.06|A |lend 2.03]|A

Irms 1.22]A |lrms 0.79]1A |lrms 0.62|A |lrms 0.55|A

P(25) 1.80[(w [P(25) 0.74|w [P(25) 0.46|w [P(25) 0.36|W
P(125) 3.61|W |P(125) 1.49|W |P(125) 0.93({W |P(125) 0.73|W

The conduction losses decrease with increasing input voltage. The losses are maximal with minimum
input voltage and maximum output power.
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4.7.3 Total losses

The total losses can be retrieved from the sum of switching and conduction losses. Since the
switching losses are maximal when the conduction losses are minimum and vice versa, the result is
the same at minimum and maximum input voltage. The maximum power dissipation by the power
switch is therefore 4.1 W. The heatsink has been chosen for this power dissipation.

4.8 Current sense resistor

The current sense resistor is defined by the _V,_052_
formula:

The actual resistor is corrected for tolerances. A combination of three resistors in parallel has been
chosen:

Res =0.39 W// 0.39 W// 0.68 W
The worst case is when the peak current is reached with the highest duty cycle:

, 4
vy 052 |3
P, =—= = P R =267 xmW
* R, 0.152 *
All resistors should be types with low inductance.
4.9 Over voltage protection
The OVP level can be determined with the following formula:
n_sec 14 turns
n_aux 10 turns
R_118 13 kW
R_119 2.7 kW
Vi D111 0.5V
V_prot 25V
_ Neer Ryt Ry -
OVP = —== 2 = (\/F_Dlll +VProt.)
I\Iaux Rllg ovP 24.4 V

4.10 Ve supply

The voltage spike on the auxiliary winding is quite low due to a very good coupling of primary and
secondary winding and also between auxiliary and secondary winding. Therefore the supply voltage
variation on pin 1 with respect to the load variation of the secondary output is quite low. This means
that there is no extra series stabilizer necessary.

411 Secondary diode

The secondary diode must not only be able to handle the secondary current and the applicable
reverse voltage, but a further requirement is fast switching: the power switch is turned on while the
secondary diode is still conducting. Fast reverse recovery is therefore of utmost importance. During
this reverse recovery time, the primary current is only restricted by the leakage inductance of the
transformer. Carefully choosing the secondary diode type is therefore important.

The average current in the diode can be determined from the average output power. With an average
output power of 75 W and a forward voltage drop of 600 mV, the average power dissipation of the
diode is 2.25 W.
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4.12 Secondary capacitors
The ripple current in the capacitors is given by the following formula:

|_start
1-d , |_end
Ic_RMs:\/T(Iszt'*'la IEnd"'Iénd)'*'dIf\v 0
|_out
d _
In the next table, the current in the capacitors is calculated at four different input voltages:
Lp 682[uH[Fsw 63|kHz [N | 3[  [vout | 20|V
Pout 77.6|W |Vi 0.7\vV Output capacitor current
Vdc 100]V |vdc 200]V Jvdc 300]V |vdc 373|V
duty(pr) 0.38 duty(pr) 0.24 duty(pr) 0.17 duty(pr) 0.14
Istart 7.41[A |lIstart 6.57[A [|lstart 6.32[|A |lstart 6.23[A
lend 4.74]A |lend 3.26]A |lend 2.73]A |lend 2.51]1A
lav 3.75]A |lav 3.75]A Jlav 3.75|A |lav 3.75]A
I_RMS 3.02|A |I_RMS 2.25|A |I_RMS 1.95|A |I_RMS 1.82|A

With two capacitors of 1000 pF in parallel, each having a ripple current rating of 2.36 A, the above
calculated values are well within limits.

4.13  Loop response

It is well known that a continuous conduction mode converter may become unstable with duty cycles
exceeding 50%. Even at 30 % duty cycle, the so-called high-low mode may be observed: the duty
cycle switches between a shorter and a longer one every two cycles. To overcome this problem,
slope compensation is added to make the loop stable again.

Adding slope compensation is made easy with the TEA1532: only one extra resistor is necessary. In
the circuit diagram on page 37, this is Rys.

The IC sources a current out of pin 4 with an amplitude of 1 pA / ps; starting each cycle again at zero.
This means that the control voltage increases with an amplitude that can be set by the value of Ryss.
The increasing voltage on the control pin means a decreasing peak current in the primary of the
transformer which stabilizes the control loop.

The following formula is well known from the theory about slope compensation for continuous
conduction mode:

K K
K — Down Up
> 2
The above slopes are defined by: NVou
KDown = F%S
LP
_ Vi
KUp - L_lp RCS
K&? = ISCRSC

Isc is a sawtooth shaped current!
Filling last three definitions in the first equation and solving for the slope compensation resistor:
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Vout 20.6 V
Vin 150 V
R 0.15 W
RSC = (NVout - Vm)i cs

2L, o Lp 682 puH
Isc 1 pAlus
Rsc 10 kW

PS: In this design | have chosen for a minimum duty cycle of 30 % to start the slope compensation.

The 30 % duty cycle resembles an input voltage of 150 VDC.

In practice a value of 11 kWis working fine.
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Figure 7 Circuit diagram for continuous conduction mode

37



Philips Semiconductors

A printer adapter power supply for 90 Watt peak with TEA1532 Application Note
AN10316 1

5. MEASUREMENTS

5.1 Discontinuous conduction mode
The following measurements were done in a sample demo board as they are available.

51.1 Start up

115 VAC 230 VAC
2004,05-11 09:26:38 2 Normal 2004,05-11 09:27:40 2 Hormal
Stopped 3 1 ZHS/s 100M54iv Stopped 2 ZMS/s  100nsAliv
Ll
CHZ 19:1 CHZ 19:1
5.00 VUrdiv 5.00 Usdiv
nc 1.28MHz nc 1.28MHz
_________________________________________________________ Ic_ 128 1
50.0 Vrdiv 50.9 Usdiv
IC  Full DC  Full
i
Edge CH3 § Edge CH3 £
Normal Normal
70.0V 7.0V
s
Ch. 1: Vcc
Ch. 2: Vout
Ch. 3: Main supply capacitor C105
Ch. 4: Aux supply capacitor C113
Output load is 60 Watt
5.1.2 Ripple rejection
115 VAC 230 VAC
20040511 ©9:31:16 2 Hormal 2004,05-11 09:32:20 2 Hormal
Stopped 1087 100MS/s  2nsAliv Stopped 1346 100MS/s  2nsAliv
CHZ 19:1 CHZ 19:1
20.0mU/d iv : : : : : 20 .0nUdiv
AC 10kHz : : : : : AC 10kHz
CH3 100:1 : : : : : CH3 100:1
5.00 Usdiv : : : : : 5.00 Usdiv
AC B0kHz ! : : : : AC B0kHz
wge 06 £ |
Auto H H : : H Auto

Ch. 2: Vout
Ch. 3: Main supply capacitor C105
Output load is 60 Watt
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5.1.3 Pulse load

115 VAC

20040511 99:37:06 su Hormal
Stopped 112 50MS/s _ Snsliy

CHZ 10:1
50 .0V d iv
AC  20kHz

Ch. 1: lout
Ch. 2: Vout

514 Drain voltage and current

115 VAC
2004.-05-11 09:42:06 Hornal
166MS-s  SHsAliv

Stopped 3

1348

E

Ch. 3: Drain voltage

Edge CHZ %
Auto
—96.6mV

CH3 106:1
0. 100KV div
IC  ZBMHZ

Edge CH3 §
Auto
9.065kU

230 VAC
2004,05/11 09:38:08 s Normal
Stopped 226 5OMS/S  SnsAliv

CHZ 10:1
50 .0V d iv

AC  20kHz

230 VAC

2004.05-11 69:43:063
Stopped 3 1476

Hornal
166MS-s  SHsAliv

Edge CHZ %
Auto
—96.6mV

CH3 106:1
0. 100KV div
IC  ZBMHZ

Ch. 4: Drain current as measured across the sense resistor

Output load is 60 Watt

Edge CH3 §
Auto
9.065kU
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515 Output short circuit

115 VAC 230 VAC

20040511 09:44:42 Hormal 20040511 09:45:51 Hormal

Stopped i 190M3/S  SHsAiv Stopped 266 190M3/S  SHsAiv
CH3 100:1 | cH3 100:1
9. 100kU div I @.100KkU div
nc Z0MHZ LY Z0MHZ

ol ?}M Edge CH3 £ Edge CH3 £
Normal Normal

: : il 8.665kV 8.665kV
||||

Ch. 3.: Dfain voltage

Ch. 4: Drain current as measured across the sense resistor

5.1.6 Efficiency

Output load 115 VAC 230 VAC

No load 250 mw 385 mw

60 W 71.6 W 83.8 % 71.5W 83.9%
o0 W 108.7 82.8 % 105.1 85.6 %
52 Continuous conduction mode

The following measurements were done in a sample demo board as they are available.

5.2.1 Start up

115 VAC 230 VAC

2004,05/11 13:11:55 Narmal 2004,05/11 13:13:12 v Mormal

Stopped 7 3 2MS/s 106nsdiv Stopped 3 4 2NMS/s 100nsAliy

- S ]
| CH3 100:1 . CH3 100:1
50.0 Usdiv 50.0 Usdiv
DC  26MHz IC  20MHZ
Tl

Edge CH3 § R Edge CH3 §
Normal E Normal
65.0 U ) 65.0

Ch. 1: Vcc

Ch. 2: Vout

Ch. 3: Main supply capacitor C105
Output load is 60 Watt
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5.2.2 Ripple rejection

115 VAC 230 VAC
200405-11 13:19:23 2 Hormal 2004.,05-11 13:20:29 Hormal
Stopped 64 100MS/s  2nsAliv Stopped 225 100MS/s  2nsAliv
CH3 1006:1 CH3 1006:1
5.00 Usdiv 5.00 Usdiv
AC BOkHz AC B0kHz
Edge CH3 £ Edge CH3 £
Auto Auto
5.60 V 5.60 V
Ch. 2: Vout
Ch. 3: Main supply capacitor C105
Output load is 60 Watt
5.2.3 Pulse load
115 VAC 230 VAC
200405-11 13:28:21 s Hormal 200405-11 13:29:25 s Hormal
Stopped 3138 SOMS/s  Smsdliv Stopped 3166 SOMS/s  Smsdliv
Edge E3 Edge Ea
Auto Auto
1.36 n 1.36 n

Ch. 1: lout
Ch. 2: Vout
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CH3 100:1
0.100kV d iv
IC Z20MHz

5.2.4 Drain voltage and current
115 VAC 230 VAC
2004,05-11 13:33:31 Hormal 20040511 13:34:58 Hormal
Stopped 74 .212 ; 10(?"3/8 ; SHs/din Stopped 74 1.239 10(?"3/8 ; SusAliv
CH3 106:1
6. 190kVdiv
nc 20MHz
Edge CHI § v
Auto I}
0.626kY i
Ch. 3: Drain voltage
Ch. 4: Drain current as measured across the sense resistor
Output load is 60 Watt
5.2.5 Output short circuit
115 VAC 230 VAC
2004.-05-11 13:39:29 Normal 2004.-05-11 13:41:13 Normal
Stopped a8 S6MS/s  BnsAliv Stopped 142 SOMS s BnsAliv
: : +5psAtiv : : +SHS/liv
| | | |
: . “ . i‘ : . ‘|: CH3 100:1 e H
I | [ 0. 160KV d iu | |
Vi i U | TG 20MHE N N
Edge CH3 § Ei
Normal |
0.020kV L M

Ch. 3: Drain voltage
Ch. 4: Drain current as measured across the sense resistor

Edge CH3 f
Auto
0.020kU

CH3 106:1
0. 100KV div
IC  ZBMHZ

Edge CH3 §
Normal
0.020kV
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04,0414 15:45:21 Normal 2004,04-15 08:12:49 Normal
opped ' 108MS/s  4Ansfliv Stopped 3 39 10MS-,s  40ns4liv

cHz 18:1 CHZ 10:1
2.00 Usdiv 2.00 Usdiu
IC  10kHz L IC  16kHz
CH3 100:1 \\ CH3 100:1

0.100KkYdiv 0.160kU /diu
IC  zoMHz IC_ 20HHz

............................ Edge F
Normal
0.500 U

Edge E3
Normal
16.00 V

Ch. 1: Control pin 4 voltage

Ch. 2: Vcc pin 1 supply line

Ch. 3: Drain voltage

Ch. 4: Protect pin 3 voltage

The picture on the left hand shows the moment of short circuiting the output:

The feedback voltage immediately drops to zero volt;

The protect pin voltage is at 2 Volt due to the OVP circuit and starts to increases smoothly. This
increase is due to the current sourced by the protect pin, charging the capacitor Cygq.

When the protect pin voltage hits the 2.5 V level, the protect is activated an a safe-restart sequence is
initiated.

The picture on the right hand side slows the respective voltages at a continued short circuit. Mind the
different time scales for both pictures!

5.2.6 Efficiency

Output load 115 VAC 230 VAC

No load 190 mW 230 mW

60 W 69.9 W 85.8 % 67.9W 88.4 %
90 W 108.1 W 83.3 % 102.3 W 88.0 %
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6. FAULT FINDING TREE

Start

Mains NOT
connected

Visual check of
orientation of
diodes and
capacitors

Check D201, C201
and C202 [¢ Mo

connector:

Connect output

load of 1 A.
()
(O]
P
—
c
('E Connect the
z mains
supply (115
/230 VAC).
— A
© Connect dynamic

load to output:
3.0A: duty = 90%
4.5A: duty = 10%
F =100 Hz

yes

yes
A 4

Output ripple
< 100mVpp ?

Connect 3ADC
load to output.

yes
v

Disconnect all
loads.

Input power
<1 Watt?

Input power:
70 W<Pi<80 W

yes

Check MosFet Check feedback

Supply oké

Check output part. |€— Check Vcc part.

part. loop.
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Check output.

Diode D201

Replace D201

Check feedback
part.

./ MosFetstage |\,

O oke? no—
o
S
—
"5 yes
o
e
= C C201/2
ap.
O Replace C201/2 |«—yes oke?
(q\] yes
O
yes
Output oke.
(0]
()
P
e}
(]
(@)
(]
o
(7]
"CT_) I Replace C107 |4—no no
LL
(2]
o
2 yes
|| Check pea_k clamp 4—no D105 oke? no
o™ circuit.
(o]
Check transformer
e - —yes
primary winding.

check

Gate drive

pulses > 8Vp? no

yes

Drain pulses
present?

yes

Up = U(C105
+ Nvout?

yes

MosFet stage oke.

R114 oke? no—» Replace R114
yes

MosFet oke? no—» Replace MosFet

yes—— | Replace IC101.
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» Check Vcc Pin 1. |«

oltage on
— Check R111. |«—yes C105>90V
DC?
no
()
e Increase mains Mains voltage
d—
o voltage. [4—no >90VAC?
(&)
>
<t Check F101, L101,
o —— D101/2/3/4, and 4———yes
R102.
Check cathode
— D108: 4¢— o
u<8Vv?

Check feedback
part.

yes

Drain voltage
> 90 Volt DC?

yes

Protect pin 3:
U<23Vv?

yes

Vcce oke.

no

yes

yes

R112 - R117

oke?

yes

Vcc: sawtooth
waveform?

ate pulses pi
7 present?

Check C108,
C113, D112,
D110, Q102, R107| |
and R120.

no—» Replace IC101.

no—p Replace resistor.

Check MosFet

part
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A

— Replace R201 |4-yes R201 oke?
no
()
9 Repl t Opti |
] L eplace opto- | pto-coupler
?
o coupler. oke?
o
o
¢ yes
[&]
©
Qo | | CheckR121, Opto-coupler
8 C114. supply oke?
()
LL
Lo | | checkcito,
© R110.
Check cathode
— D108: ¢— o
u<8v?
Check C110,
— R110,C203 and |[¢——————n0
R203.

» Feedback loop.

Check ref. Pin
1C201: 2.5V

yes

yes

1C101 pin 4:
0.9<U<1.5v?

yes

Ripple oke?

yes

Feedback oke.

Check C108,

C113,D112, | |
Check R204/5 no—p D110, Q102, R107
and R120.
correct
no—» Replace IC101. —
yes

R201 oke no—» Replace R201. —
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7. REFERENCES

1. 75 W SMPS with TEA1507 Quasi-Resonant Flyback Controller ANO00047

2. A 45 Watt adapter power supply AN1033
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8. APPENDIX 1: BROWN OUT IN CONTINUOUS CONDUCTION MODE.

In continuous conduction mode, the demagnetization sensing pin 5 is short circuited to ground
normally. This not only disables the demagnetization sensing, but also the brown out protection
circuit. However, with a trick, the brown out protection can be used in the continuous conduction
mode as well.

The circuit diagram below shows part of the CCM application circuit (see Figure 7) but with the
additional parts for the realization of the brown out protection:

1101 ‘

2101
TEA]SA2 R111 STPTHBRGOFP

Thi Drain [} 1 1RIII1I;4
NTC 100k/25degC S 10E — |
- mer R11Z R11Z L

F[Gnd
R 105 QFret.
oo oipa Ctrd
M Riz6
ke 1k

R10G

lzensef——L  ——

|
|
|
DEMH b e o R115 | R11G | R117 |
_ i Fiz1 _ _ _ _ []oesa[|oee [ |omse |
] — |
200k Rl |
mmk | |
0413
|
|
|
|
|
1

:__H | S|
R103 380 L ciiz 13k R1z0

C109 1 14148 R11% 4Erf g *
TZZDp k7

1u [1i1
é é 011z R1:1

BANZD  4KT 4
|

| S|
J.u::m
apt. PH301
PCE1T

Figure 8 Circuit diagram for continuous conduction mode with additional brown out circuit

Explanation of brown out circuit:

D113:

R120:

R121:
R122:

C113:

To rectify the AC waveform in order to use only the negative part which is a measure for
the input voltage.

Any leakage current from D113 is led to ground otherwise C113 would be charged
positive which would bias the input.

This resistor determines the actual brown-out point/voltage.

Due to the high value of R121, this resistor is necessary to fix the voltage on the demag
pin 5 at 0 Volt during the positive part of the waveform.

Acts as a leading edge blanking: the first part of the negative part of the waveform shows
some ringing that must be filtered out to prevent false triggering.

Design rules for the component ratings and values:

D113 | The reverse voltage rating of this diode equals the positive part of the waveform; therefore
the rating equals the Vcc voltage of the IC; a 20 Volt device should be sufficient. The
current rating is < 10 mA.

R120 | A more or less fixed value; to be determined in the actual application, but 18 kWis a good
starting value.

R121 Vi_min The minimum input voltage that must be

detected.
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- Moy N_aux Number of windings of the auxiliary or
\/i_min T - Vs - Vneg-clan'p Vcce winding.
R, £ P v N_p Number of primary windings.
| aroun- out _neg- clamp V(D113) Forward voltage drop of the diode at a
R, current of 60 PA.
Vneg- Negative clamping voltage of the
clamp demag input pin 5 of the TEA1532:
typical 450 mV.
I(brown- Brown-out current specification of the
out) demag input pin 5 of the TEA1532:

typical 60 pA.

R122 | Should not be chosen larger to prevent false “magnetization” sensing! A lower value will
further decrease the value of R121. This can be less favorable for the efficiency during
stand-by.

C113 | The time constant {R122//R121 x C113} should be chosen approximately 1.5 us. However

this depends strongly on the transformer used in the application (ringing period).
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