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| - INTRODUCTION

The aim of this application note is to provide the
designer with information on how to design and
implement a simple and low-cost switching power
supply around the TEA2018A SMPS Controller.

This publication has been sub-divided into 3 distinct

sections, namely :

- An overview of the current mode regulation

- Detailed description of TEA2018Acharacteristics

- Application example of a 30W discontinuous
mode flyback converter operating directly on
220VrMs mains voltage.

This document also covers a description of
TEA2019 which replaces the TEA2018A in appli-
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cations requiring power transistor turn off synchro-
nization with an external signal.

This function is particularly useful in video applica-
tions where the switching transistor turn off is syn-
chronized with the line flyback signal.

SPECIFICATION OF ATYPICAL APPLICATION

- Discontinuous Mode Flyback

- Switching Frequency : up to 40kHz

- Power : the power handling capability is deter-
mined by the amount of available base current.
Assuming a forced gain of 6 for the power tran-
sistor : Pmax = 60W (TEA2018A)

= 90W (TEA2019)

MICROELECTRANIGCS



TEA2018A - TEA2019 APPLICATION NOTE

Il - TABLE OF UNITS AND SYMBOLS

Symbol Function Unit
f Switching Frequency Hz
fosc Oscillator free-running Frequency Hz
frer Reference Frequency (TEA2019) Hz
lout Output Current A
Ip Primary Current A
Is Secondary Current A
Lp Primary Inductance H
Pout Output Power W
T Switching Period s
TRreF Reference Period (TEA2019) S
ton Transistor ON time S
ton() Conduction time fixed by current regulation s
ts Power transistor storage time S
Vac Mains RMS Voltage VRMmS
VBe Power Transistor base-emitter voltage \Y
VIN Input DC voltage vV
Vce Positive supply voltage \%
Vce Power transistor collector-emitter voltage \%
Vour Output Voltage \%
AlcHARGE Average current delivered by the PLL of TEA2019 A
n Power supply efficiency %

Il - CURRENT MODE REGULATION
[11.1 - DESCRIPTION (see Figure 1)

In current mode operation, the regulation is per-
formed by monitoring the peak current through the
power switch (switching transistor).

- At every period, the conduction of the power
transistor is initialized by a clock signal issued
from the oscillator.

- The power transistor is turned-off when its collec-
tor current reaches the threshold level fixed by
error amplifier.

The main advantage of Current Mode Regulation
in Discontinuous Mode Flyback Configuration is
that it offers an efficientrejection of all inputvoltage
variations.

The peak current value through the power switch,
at constant output power, is independent of the
input voltage value.

1
Pout = > Ol |:(|PEAK)2 0

Variations of the input voltage have no effect onthe
error amplifier output voltage (see Figure 2).

£ S$GS-THOMSON
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Figure 1 : Current Mode Control
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TEA2018A - TEA2019 APPLICATION NOTE

Figure 2
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IV- FUNCTIONAL DESCRIPTION OF TEA2018A
IV.1 - BLOCK DIAGRAM
(all values given in the following block diagram are typical values ).

Figure 3
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TEA2018A - TEA2019 APPLICATION NOTE

IV.2 - OSCILLATOR AND MAXIMUM DUTY CYCLE
IV.2.1 - Simplified Diagram

Figure 4
g
> 1
6] | |
3 Vin)
Rt : 3
Ct; ! : * During Ct charge : V(1) = 0.66 Ve
- et b * During Ctdischarge : Vipg) = 0.33 Ve
3 :]g); i . Vth(Z) = 0.56 VCC
] 1
8 ‘
L Q i
-} |
)
| Vi)
i Maximum Duty Cycle :
IV.2.2 - Waveforms
Figure 5
Oscillator
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OUTPUT -| : v
: - .
A
BASE ! Do
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PERIOD : T = tcHARGE * tDISCHARGE
- tcHArGE = 0.66 Rt [Ct

T O 0.66 (R + 2000)
- toiscHarGE = 0.66 Rpiscrarce [ICt
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TEA2018A - TEA2019 APPLICATION NOTE

IV.3 - ERROR AMPLIFIER

- The error amplifier gain is internally fixed at 30dB
typical value.
Internally implemented compensation networks
set the frequency response characteristics.

- Voltage Reference : The value of the reference
voltage applied to the inverting terminal is 2.4V.

Figure6:  Error Amplifier Frequency Response
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IV.3.1 - Functional Behaviour on Low-load

When the feed-back voltage exceeds the regula-
tion range, the comparator output remains in high
state thereby avoiding the initiation of any new
conduction cycle (see Figure 7)

Consequence : Onlow loads, the conduction fre-
guency becomes lower than the oscillator fre-
quency.

IV.4 - CURRENT MEASUREMENT
& LIMITATION

Peak current throughthe power switch is set by the
error amplifier output voltage.

Clamping the amplifier output voltage at 0.63V will
resultin limiting the Isense pin voltage at 1V level
(see Figure 8).

6128 N7 SGS-THOMSON
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Figure 7
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TEA2018A - TEA2019 APPLICATION NOTE

In current limitation

V*'=1.23V - Vge = 0.63V

_ R1
V= Vs + (Veer - Va) — 5
3 *+ (VRer - V3) Rl +R2

0 Vs=-1V

IV.4.1 - Disabling the Current Monitoring Func-

tion

During oscillator saw-tooth flyback, the output of

the PWM comparator is disabled and conse-

quently :

- The minimum conduction time ton(min) required to
discharge the snubber network is fulfilled what-
ever the status of Isense input at the beginning of
conduction cycle (T1 period on waveforms of
Figure 9).

- All parasitics such as those generated by the
recovery of secondary-connected diodes (without
RC filter) are eliminated (period T2 on Figure 9).

Figure 9
s
OSCILLATOR H =
C°’“"
13
Isense
A
OSCILLATOR /\/\/\
-t
INTERNAL
CLOCK ]
SIGNAL
-t
A Error Amplifier
A \ > Output Voltage
PIN 3 VOLTAGE |
— - t
T1 T

IV.5 - DEMAGNETIZATION MONITORING

No new conduction cycle is allowed as long as the
Pin 7 voltage remains higher than 0.1V .

When used in Discontinuous Mode Flyback con-
figuration, this function will inhibit any new conduc-
tion as long as the transformer is not fully
demagnetized.

2018A-18.EPS
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It is obvious that this function offers efficient secu-
rity in case of overload and short-circuits.

Figure 10 : Demagnetization Sensing

Comments :

- Demagnetization monitoring feature can be used
to implement an on-off function.

- This functionis disabled by grounding the Pin7.

Figure 11 : Waveforms
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IV.6 - THERMAL PROTECTION

When the junction temperature exceeds +150°C,
an on-chip protection device will inhibit any new
conduction.

IV.7- TEA2018A BEHAVIOUR AS A FUNCTION
OF Vcc

Figure 12 : Vcc Monotoring Circuit
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TEA2018A - TEA2019 APPLICATION NOTE

Figure 13 : Waveforms
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IV.8 - OUTPUT STAGE
(power transistor base drive)

The TEA2018A has been designed to provide direct drive to bipolar power transistors.

Figure 14 : Simplified Diagram of the Output Stage
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Figure 15 : Waveforms
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IV.8.1 - Transistor Turn-on

Apulse current "Igion)” provides for rapid transistor
turn-on. The duration of this pulse is equal to the
oscillator saw-tooth fall time.

The value of this current is : Ison) = 1V/Rs

IV.8.2 - Proportional Base Drive

Once the turn-on current pulse Igion) has been
issued, the internal current recopy device of
TEA2018Awill output a voltage Vout suchthat :

Vout = Vs + Vee _Ic Rs
VouTt = Vee + Rg Op O Forced gain =|— = Re
V3= Rg [c B E

£ S$GS-THOMSON
Y/ ICROELEETRONIES

IV.8.3 - Transistor Turn-off

The powertransistor is turned-off by the application
of anegative base current. A500ns typical interval
duration betweenthe positive stage turn-offand the
negative stage turn-on, will prevent simultaneous
conduction of complementary output stages and
also abrupt transistor turn-off.

9/28
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TEA2018A - TEA2019 APPLICATION NOTE

IV.8.4 - Minimum Conduction Time V.1.3 - Transistor Switching Aid Network
In order to allow the discharge of snubber network, Fiqure 17
each conduction cycle has a minimum duration 9
equal to toN(min).
Figure 16 C
E tis(on) ‘
bt
22 i °
o5
O
@ e
£
@ o »————=—t oN(min) 0 Ip(PEAK)
61 =) g Ve
o ° -t §
V - APPLICATION EXAMPLE 7 A 3 Vv =200V >
V.1 - CUSTOMIZED APPLICATION DESIGN -
V.1.1 - Specifications t= 400ns
_ lpean OF _
Output Power 3.3W < Pour < 30W -C="=oy ~1InF
Effective Input Voltage 176 Vrms < Vac < 245 Vrms - %Fi%o((:j: _t%,xhlmsn _5 R = 1kQ (for ton (min) = 3ms )
Input Voltage for Start- | 200 Vpc < Vin < 350 Ve o . . 1
up and Regulation - Maximum power dissipated inR : P =5 C[ VN Max)]20=1.8W
Regulation Input Volt- 130 Vpc £ Vin < 350 Vpe
age after Start-up o .
Transistor Reflected VR =210V V.1.4 - Demagnetization Sensing
Voltage a. Risk of flux runaway without demagnetization
SWltCh|ng Frequency f=27kHz Sens[ng (See Flgure 18)
Expected Efficiency n =70% In the absence of demagnetization sensing, the
Output Short-circuit Pro- | Yes converter will operate in continuous mode
tection flyback at power supply start-up and also in the
Open-load Protection Yes case of overloads.
2 Outputs (BV, 2A), (12V, 1.5A) Due to the minimum conduction time imposed
by TEA2018A, there will be risk of flux runaway
V.1.2- Calculation of Power Elements within the transformer and the current through
(see also Section VII.1) the transistor.
Combining tonminy and demagnetization
* Vin (min.) = 200V . long =0.426 sensing functiqns, will yie!d highly secure
T operation ensuring the following functions :
where ton) = conduction time fixed in - magnetic flux monitoring
current limitation mode - efficientdischarge of snubber networks
b. Implementingthe demagnetizationsensing (see
* lpav) =0.214 * Ip(PEAK) = 1A Figure 19)
e Lp =3mH * PouT (min) =2.65W The winding used for circuit power supply will
ns | —9.4A also reflect an image of the induced flux. The
« 5V output: — < 0.029 DS(PS.AK& . BYW98.50 value of the resistor "Rps” used for this function
np lode - ; is not critical and can fall within :
. .ns Is(PEAK) = 7.05A 10kQ < Rps <47kQ range.
12V output: np <0.061 S hiode : BYwos-50 No new conduction cycle may be initiated as
) ) long as the transformer is not fully
» Transistor selection demagnetized. On start-up, and in the case of
- I (max) = 1A [0 BUV46A overloads, the demagnetization sensing
V - V + . . .
- VC (max.) = VIN (max.) function will modify the frequency of the
VR + Vspikes = 800V

conductioncycles accordingly.

10/28 N7 SGS-THOMSON
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Figure 18
% % Vour
Vour =0V

o

w T ton (Min.)

E '

= :

o) .

L '

0

Z

<

@ ! : !
T 2T 3T

Flux runaway at start-up or in case of short-circuit :
np O
Vin Cton (vin) > Vioss EBn_Fs) O T -ton viny ]
atsg

(where Vioss= 1.5V isthe voltage drop accross the rectifier diode
and the resistive component of secondary winding).

Figure 19 : Configuration Arrangementand

Short-circuit Waveforms

Vce

v
Vein7 & - 0.6V p—
,,,,,,,,,,,,,,,,,, ol o
-0.6V I—
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c. Damping network (see Figures 20 and 21)

Once the transformer has been demagnetized,
positive voltage oscillations produced by the
discharge of resonant”Lp.C" network may result
in unwanted activation of the demagnetization
monitoring function.

To prevent this problem, all that required is to
damp the voltage oscillations, as shown in
Figure 21, through "Rp - Dp” network where
diode Dp "shunts” the resistor "Rp".

. Transformation ratio condiderations

On initial start-up, due to demagnetization
monitoring function, the value of conduction
frequency will rise in multiples of the normal
operating frequency "f" as illustrated in
Figure 22.

Employing a conventionally calculated
transformer, the converter will stop operating at
"f/2” frequency (see Figure 23).

Figure 20

End of

|

Demagnetization

COLLECTOR-EMITTER
VOLTAGE

New Conduction

4 A : i_i{notallowed
N~

<
ZH -t
o -

O

s ]
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TEA2018A - TEA2019 APPLICATION NOTE

Figure 21
UNDERDAMPING CORRECT DAMPING OVERDAMPING
. _ Lp
ﬁ ® Resistor : Rp= 2'\/% -R=2.2kQ
» Power PSS (Vi Vi) - T=26W
O—I< D ® Diode (BA159) : Irys = lprws)
Vbmax) = VRt Vspikes
Figure 22
BEGINNING END
OF fin —= f/n-1—m= - —a= f/2 —o= f OF
START-UP START-UP
Figure 23 At frequency "f/2" :
' f_P
VN S - l 2 — FMax.
P12 > L (Ip) Bi >
-—
Np Vi
Ng P V/I2 VouT
Lp Vip= "7~
The converter operating frequency will switch
| from "f/2” to "f" if the following condition is
P satisfied :
""" ton +tom < T (@ f/2 frequency) Q)
. tam , ®n = Lp Op = Vin (in) Con) ©)
e
O : where ton() = conduction time fixed
: ” in current limitation mode
s ! >t o 3
T 21 % ¢M=LSD5- (LPl)— )
1228 SGS-THOMSON
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TEA2018A - TEA2019 APPLICATION NOTE

Combining (1), (2) and (3) :

ns < [ VSUlUT +Vp ] [T - fone) ]
np -~ [ Vin vin) tong) 1V2

V.1.5 - Oscillator

The value of capacitor "Cy” is calculated as a func-
tion of :

- toN(min) : = 3us

- ton@min) = tiB(oN) + tSTORAGE
- tsTorAGE = 1.5US

- tision) = 0.66 Ct. 2000
The value of resistor R is calculated as a function
of period T as follows :

T=0.66 Ct (Rt +2000) = 37us O Rt=47kQ

Ci=1.2nF
Ci = 470pF

V.1.6 - Power Transistor Base Drive

The "Re” resistor is calculated as a function of
"current limitation” and the resistor "Rg” as a func-
tion of "forced gain”. Resistor "Rp” can be con-
nected to Pin 3 "Isense” to protect the device
against mains-generatedtransitional overvoltages.

Figure 24
Mains lc
I™79
) Re I
MAINS Virtual BUV
FILTER Ground 46A
R3
T
! Rp
RECTIFIER 100Q R
BRIDGE \—r‘ T :E|_|27
(‘l , Y Is
Transient

Current Limitation

V3 = 0.88V (current limitation threshold value)

R3 Rp = 100Q
V3=mmEDOD RE=1Q R3:1Q
P Ic (Max.) = 1A

Gain calculation

Ic (Max) = 1A g Transistor : BUV46A
ad Forced gain = II—C =9
B
V3= Rg g, V3= R3 [(Rc Oc O Rs=8.2Q
3= Re e, Vs =7 ps [Re He B = 8.
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V.1.7 - Self-supply

Power supply start-up

A high value resistor inserted between the "high
voltage source” and "Vcc” capacitorwill charge up
this capacitor upon the initial supply start-up.

The TEA2018A starts operating at Vcc = 6V (typ).
On-chip implemented hysteresis of 1.1V (typ) will
trigger the self-supply function.

Figure 25

VIn (DC)

Vin A

to

-t

Vec A Vee (START) dv lcharce
/& dt C
’ f >t

tsTART

The value of R is calculated to yield maximum
start-up time.
- C=220pF
- Ve (START) (Max.) = 6.6V
- lecc (vax) = 1.6mA
- tstarT = 3s
Vce (sTART) (Max) EIC
tsTART
Rz Vacuin)BR2  _ o0 o

lcc (Max.) + IcHARGE

- IcHARGE =

a. Positive self-supply : Vcc (see Figure 26)
The Vcc supply is provided by a flyback-type
winding. The number of turns "n” is selected to
yield a voltage "V” of approximately 10V.
Within the self-supply arrangement, the resistor
"Rr =15Q" in combination with the capacitor of
Vce, form a filter network which attenuates
mains-generated voltage spikes.

Note that in the absence of this filter, the energy

generated by voltage spikes can often satisfy
the power supply requirements of the
TEA2018Ain case of any short-circuit on low-
voltage windings.

13/28
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Figure 26

e

Vec (START)

\%J‘I.dt

n_ 9 +\Vp
ns Vour+Vb

is sufficiently high to meet the power supply
requirements without Rr

2018A-36.EPS

b. Positive self-supply : V' (see Figure 27)
A negative supply voltage "V is required for
efficient transistor turn-off.
This voltage is generated by an auxiliary winding
connected in forward arrangement.
The "zener diode” will clamp this negative
voltage and make it independentfrom the input
voltage (ViN >200V).
The "Cs” capacitor will accelerate V- settling
process upon the initial power supply start-up.
Resistor "Rs” is used to limit the current upon
the negative power supply setup.

V.1.8 - Regulation

As illustrated in Figure 29, the self-supply winding
is also used for voltage regulation.

To avoid the power drawn by TEA2018Ato influ-
ence the regulation, the supply for regulation is
generated by a source independentfrom "Vcc”.
The RC filter attenuates the parasitics due to volt-
age spikes generated by switching. However, the
cut-off frequency of this filter must be sufficiently
high so as to avoid excessive slow-down of the
regulation loop response.

V.1.9- Operation under Overload

& Short-circuit Conditions
In case of any overload, the secondary voltage will
fall, circuit power supply will drop below Vcc(stor),
consequently TEA2018A stops operating and its

14/28
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power consumption will fall under the current sup-
plied by the start-up resistor.

The capacitor of "Vcc” begins charging up and a
new conduction cycle will be initiated as soon as
"Vcc” reaches "VccestarT)” level.

The system will functionin relaxation mode as long
as the overload persists.

V.1.10 - Operation on Low-loads
When the Ouput power falls below :

V . 2
Pout (Min)) = [Vin EZtOEII\I_I(DMm')] O M

The regulation becomesincompatible with the op-
erating frequency "f", conduction cycles occur in a
random fashion and at a frequency lower than "f".
Note : This event has no impact on the power
supply reliability.

Figure 27

1N4148

lwv=Tls d%: 15mA

O, .n O _
VNG O Hiv - v H

- Rs (Max)= -
lav)
=230Q (@Vin = 200V)
Prefered value : Rs = 150Q

Figure 28

R 1N4148

15Q  1N4148

oy

4.7kQ

TEA2018A
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Figure 29 Figure 30
posmve 4
] v
SUPPLY [ %‘W OSCILLATORW\/\/
VOLTAGE | /e (s1om -t SAWTOOTH P -t
A | P
COLLECTOR 3 P
CURRENT '_rl |-| |-| |-| |_|— ® COLLECTORH =—=—1toN (Min)
ENVELOPE ‘ , >t CURRENT | |_1 |-1 .
Short-circuit ' g
&

V.1.11- Complete Application Diagram

Figure 31
4 x1N4007 i Looka[] MN4148 680 BYW98-50
47yF T
== 38:V w 159
| 1N4148
[ RCEEEEEEERERE S ' g tl 220pF
—— < < 16V
: 0.14F :
RF Filter :
2 x 12mH '
0.1F :
e 1kQ

<

n

IS
A 220 Vpc

TEA2018A

m 3.5W< Poyt < 30W
m Outputs 1w 5V, 2A

=12, 1.5A

m Output short-circuit protection

m Open-load protection

VI - FUNCTIONAL DESCRIPTION OF TEA2019

- an internal PLL which allows synchronization of
the powertransistor turn-offwith an external clock

VI.1 - INTRODUCTION

The TEA2019 has an internal architecture similar
to TEA2018A and offers the following additional

features :

- a true positive current source providing linear
charge-up of the timing capacitor "Ct”

£ S$GS-THOMSON
Y/ ICROELEETRONIES

signal
- power tra

nsistor desaturation monitoring

- possibility to dissipate externally the power re-

quired for

transistor base drive
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VI.2 - BLOCK DIAGRAM

Figure 32
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VI.3 - DIFFERENCES BETWEEN TEA2018A AND TEA2019

VI.3.1 - Oscillator (see Figure 33)

The oscillator saw-tooth waveform is linear. The
capacitor "Cy” charging current is constant and is
determined by the value of resistor "Ry”

Figure 33

TEA2019

s

10

P

- T =tcHaRGE * IDISCHARGE
-T =0.69 Ct (Rt +2000)
- Maximum Duty Cycle = 80%

VI.3.2 - Vce Monitoring (see Figure 34)

If during the power transistor conduction period the
Pin 4 voltage exceeds 3.2V, the transistor would be
turned-off until the next conduction cycle. To dis-
able this function, Pin 4 must be grounded.

VI1.3.3 - Output Stage (see Figure 35)

An external resistor connected between Vcc and
Vaux will dissipate a portion of the power required
by the base drive. The value of this resistor is
calculated to be as large as possible but appropri-
ately dimentioned to avoid the saturation of the
output stage Q1.

2018A-42.EPS
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Figure 34

10kQ

3.2V

SIMPLIFIED DIAGRAM

-

OSCILLATOR
SAWTOOTH

PIN 4
LTAGE

VO

BASE
CURRENT

B! "
- T1 = Transistor turn-off by desaturation monitoring
- T2 = Transistor turn-off by regulation

Figure 35
R
Veer1 7 Vaux
I
Q1
Tu
O
> R
.—[1
Q2 VBE
14—
Vee
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TEA2018A - TEA2019 APPLICATION NOTE

Vee — VBe — VcEMin)
Is (Max)

R =

-Rg where Vcgminy O 1.5V

- Power dissipated in Q1 (flyback) :

0
P:—[I(Vcc Vee )DMHR +R)DIB(M—aX)S

- Power improvement compared to TEA2018A

E 2[R |:lB(Max)

P 3HVec-Vee -2 [Re OpMax)

2(Vcc 3.5V)
Vce — 5V

AP

atVec=+9vV O B =05 ie.50%

VI.3.4 - PLL

In a discontinuous mode flyback configuration, the
power transistor turn-off produces significant
amount of noise. It is therefore interesting to syn-
chronize this event with an external signal.

Since the transistor turn-off instant in current mode

operationis generallyunknown, consequently,only
phase and frequency locking of the oscillator will
enable to synchronize the transistor turn-off time
without disturbing the voltage regulation loop.

a. Operating principles (see Figure 36)
Oscillator phase and frequency can be
accurately controlled by adjusting the charge
current of "C;” capacitor. The PLL behaves as a
current generator, the direction and the
magnitude of which are function of the phase
difference between transistor turn-off and the
synchronization signal.

b. Internal structure (see Figures 37 and 38)

The major building block of the PLL is an analog
multiplier whose two inputs are the
synchronization signal and power transistor
turn-off monitoring sig-nal. Multiplier output
signal has a complex spectrum; a low-pass filter
is employed to extract the DC and low-frequency
components.

The PLL will source or sink the maximal current
when the shift interval between synchronization
signal and the transistor turn-off equals ts/2 .

Figure 36
CURRENT
o = Al cparce <0 Alcparce > 0
'_
lcHarGE <Q
ouw
Vee 0z
2 BE lcharGE 8=z
} -t
8 9 10 Tosc
PLL
AlcarcE
Ct Vee
FILTER Rt | CHARGE = Z_Rt — AlCHARGE
Figure 37
SYNC, PULSE Al charce
(frer: Trer) 27| FILTER —OS-éILLATOR
-
! TRANSISTOR | |
TURN-OFF
18/28
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Figure 38 : Synchronization Configurations Waveforms

Tswo

n phase

Maximum Delay Maximum Advance

SYNCHRONIZATION

-T2 —— T2

PULSES ov
PLL OUTPUT |
CURRENT PLL

c. PLL input signal
cl. Transistor turn-off Sign

Due to transistor storage time, the PWM
comparator will generate a pulse which will
be used as Tswo signal (see Figure 39).

c2. Synchronization Signal

The characteristics of synchronization

al: Tswo

signal are outlined in section 6.3.5.

Figure 39

IsEnSE

COMPARATOR
OUTPUT

BASE
CURRENT

2018A-48.EPS

d. Characteristics of the PLL

dil.

dz.

Synchronization (see Figure 40)

When synchronization occurs, the average
current delivered by PLL is equal to
AlcHarge  required for frequency
compensation.

Capture Range : | fo - frer|] max (see
Figure 41)

The signal delivered by PLL prior to
synchronization has | fo - frer| component.
Gadg is the overall gain of multiplier and filter
stages. Phase locking is possible if the
frequency difference | fo - frer| satisfies the
following relationship :

GdB |fo - frer | = 0dB

Figure 40

Tswo

SYNC
(Trer)

IPLL

Ts

TEA2019

FILTER

| AlcHarcE | =% %I“;LL(dt) +I IpLL(dt) ﬁ

£ S$GS-THOMSON
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frequency "fo”.
- The "Go” gain is rather complex to evaluate.
By approximation, it is proportional to the
switching transistor storage time "ts”.
At ts = 2us , the gain Go = 24dB
. Numerical Application
The following calculations yield the optimum
value of capture range::
- fo = 15.6kHz (switching frequency)
- f2 = 2.2kHz (this is the selected capture range
+ 8us with respect to 64pus period)
G1=0dB, Vcc =8V, ts =2us, Cy =1.5nF,
Rt =56kW , Go = 24dB, R = Ry yields excellent
noise immunity.

- R1 ~
Go-G1 = 20IogR+R1 0 R=3.9kQ
=t 0 Cl=22nF
27 2nRi1C1 -
R+R1
8= CRRL 0 C=3.3nF
. Holding range

Once the capture occurs, the free-running
frequency "fosc” can rise within the holding
range without causing loss of synchronization.
When synchronization is achieved, the filter no
longer introduces any attenuationand thus the
holding range becomes larger than the capture
range.

Figure 41
ANALOG G Low-Impedance
muLtipLiEr || pin A GO
(5] 9
Lr‘ R , )
— Z
— z Gl
| 3 )
R1 Rt Glt§ .
f1 f2 fa -
¢ ; ; ci Log | fosc — frReF|
f1 :+ fpz——— f :&
2n(R+R1)C1 27 2nR1C1 *T2nCRIR1
e. Output Filter Calculation The holding range is given by :
For stability reasons, the output filter is
calculated at gain G1 = 0 dB. AT =Trer O3 1
g : 0.33 Wce [Cr
- "f2” frequency determines the capture range. 1+W
- "f3” frequency is equal to the free-running

VI.

Where :

Trer : the period of synchronization signal

IpLL : the maximum current the PLL can source
or sink (0.7mAtyp)

3.5 - Synchronization Signal and the Input

Filter

Th

e synchronization signal applied to PLL input

(Pin7) must respect the following conditions :

Figure 42

PIN7
VOLTAGE (V)

, Trer .
e ——— ]

dvidt>0 25 .

V\ /\ 0,55V (Typ.)

\/ \/ VPR sy (Max.)
0 e .

Synchronization
Range

Th

e TEA2019 has been particularly designed for

video applications where the synchronization sig-
nal is obtained from the flyback signal generated

du

ring the line flyback.

Figure 43 illustrates the configurationarrangement

used in such applications.

2018A-50.EPS
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Figure 43

R2 C3

I\

Vsyne
C2

e

Vin

e

= 20kQ

- In typical application : C3 = 47nF, C2 = 33nF - R2 is calculated as a function of : R2 = 0
O Vs O
C2 log
OVsyne = ViN [
V1.4 - APPLICATIONS
VI.4.1 - Typical Application with Synchronization
Figure 44
BYT11-800
7 L 120v
X1N40° Jg;;;!\:/ N » igg\l/F 0.4A
4 Sync Pulse 1N4148 180Q 3.90 1N4148 r|3I

120k
w

BYT11-800

T
82kQ
>
10kQ

2 x12mH

47nF 1.8kQ

BYT11-1000

I
10kQ
g I
10kQ
i
10Q

| - —
————————————— c2
Input

3.9kQ

3.3nF

BYT11-1000
Ld

4.7Q

BYT11-1000

He-4

3 x 1N4001

i‘ 40V

2.2nF

B Pyax = 60W
W Free-running Frequency : 15kHz
B 155 Vgys < Vac € 250 Vgus
M Outputs : # 120V + 3%, 0.4A

® 24V + 3%, 0.5A

M Ve Monitorng

470uF O0.5A

24V
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VI.4.2 - TEA2019 Configuration for Power Boosting

Figure 45
BYT11-800
J_ s Ll 120V
H 100uF 0.4A
=1385v n2 160V
1N4148 68Q  |1N4148
1200
1000F 1w - BYT11-800
> L 16V S = 24v
~ S s 470u® 0.5A
< — o
S 40v
— o
I <
I 1 :
§ v £
% 1kQ g ce o
~ =] ]
— 14 = S 4700
7 {c] {5] {4] Kl 2]
Mains TEA2019
Input
o1 ol Iyl Irp | eyl
8 9 10) 11] 112} &I" P, . - oW
1.5nF MAX = P
68kQ M Free-running Frequency : 15kHz
B 55 Viys < Vac € 250 Vgys
) W Outputs: » 120V + 3%,0.4A
0.50 ® 24V 3%, 0.5A
w M No Ve Monitoring
B No Synchronization

Comment : V" voltage is generated by the auxiliary winding.

V1.4.3 - Monitor Application

Figure 44
BY218
24V
0.4A
15kQ  15kQ . I
1w 1w 47Q 1NA148 o
4 N
000 -L 3I S
©o
W a
4x 1N4007 5 - 6oV
« 0.5A
| 100uF
— 385V
S
I}
“
H g H
«©
a
33F
_ll_. W 100nF I/BUV =
56A
90 - 260Vc ] — Q e
. 8
ov
Il IJ'w IJ‘| el IJ‘| \/ :SV
{6] {s] {] B {2] 1 -
Flyback Pulse
from
TEA2019 EHT Transformer
g |:|
=
<
o
{12} {13} 14
100Q |}
| I BM20W < Pigyr < 40W
100F B Scanning Frequency : 32kHz
M Input voltage range: 90 Vac to 260 Vac
o HOutputs : * 24V +2%, 0.4A
2 * 60V +1.5%, 0.5A
3 x 1N4001

<4<

B Synchroniz ation signals is tran smitted via an
optocoupler inseted within the Regu lation loop
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VL.5 - SYNCHRONIZATION SIGNAL TRANSMISSION

This signal is often generated from the secondary of the power supply, and therefore requires galvanic
isolation.

Two solutions outlined below are both appropriate :

Figure 47 : Transmission through EHT Transformer Winding

Well-insulated wire

e

TEA2019

- T

EHT
TRANSFORMER

PRIMARY

SECONDARY

Figure 48 : Transmission via the Optocoupler of Regulation Loop

PRIMARY SECONDARY

TEA2019

In this configuration, the optpcoupleris used for the transmission of both, feed-back voltage and the
synchronization signal.
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V1.6 - APPLICATION VARIANTS
VI.6.1 - Regulation by Optocoupler

Figure 49

Vout

A E Vee
[ 5 L1
' Feed-

o}

back 3
'TD TEA2018A
or
I TEA2019

VI.6.2 - V' Generator
Figure 50

Up to IC(AV) = 0.25A Upto | C(AV) =0.5A

TEA2018A
or
TEA2019
—
ISENSE

TEA2018A
or
TEA2019

3.3V -1w

4 x 1IN4001

VI.6.3 - Overvoltage
Figure 51

TEA2018A
or
TEA2019
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VI.6.4 - Application without Demagnetization Sensing

If the condition given below is satisfied, the demagnetization sensing function can be omitted without any
risk of flux runaway in case of short-circuits or at start-up.

VN (Min.) DT — tON (Min.) DT — tong)
VINMax)  ton (in) ton (Max.)
Consequently, the damping network is no longer required and the "demagnetization sensing input” can be
grounded.

(Vout + VLoss) < Vioss

VI1.6.5 - Full Shut-down at Overload

In case of overload, the arrangementdepicted below will completely shut-downthe power supply. To re-start
the system, capacitor "C1"” must be discharged.

Figure 52

HIGH
VOLTAGE
—

Re-start inhibited
-t
12v

SUPPLY
VOLTAGE

* -t

Overload

C2=10C1  R=220Q

VI.6.6 - Oscillator (TEA2018Ao0nly)
Figure 53

Rt Ct Rt

e ] TEA2018A OR ] TEA2018A

»»»»»»»»»»»»»»»
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VIl - FIXED FREQUENCY DISCONTINUOUS MODE FLYBACK

VII.1 - FUNDAMENTALS

An operating phase includes 3 phases:

-0<st<ton :

energy is stored within the primary inductance

- ton £ t < tam : energy transfer toward the secondary winding
-tam <t< T : dead time, the transformer is fully demagnetized.

Figure 54
- N s oy lp Is
ViN Vin in
D D f'
© Your ¢ Vour c Vout
(Lp,np) Ng np (Ls, ng) nP(L ns
K TVK K TVK K TVK
0<t<tgy ton <t<tgm typ <t<T
- K : closed
-Vk=0 - K :open
dip _ Vin - D : conducts
dt LP -Vk=ViN+ (VOUT + VD) %
n P
- Vb = Vourt +n—:VIN dls  Vour + Vo C1p=0,1s=0
- Energy stored during ton dt Ls - K :.E?enk |
(Vin ton)® -t - toy = 1S [gVin Hon - D : blocke
WLP:T " N np ;OUT+VD - Vk = VN
A —
VK\ tam Mout + Vp) o
do  dip ,
dt - CPdt Transformer Flux
do dig Vv
— =-Ls— IN
dt Ls dt
-t
0 ton
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VII.2 - TRANSFORMER CALCULATION AND POWER SEMICONDUCTORS SELECTION

Figure 55
lp
ViN
(Lp. np)
K t
Vout = Vin % 2_|_P
« Maximum operation duty cycle :
1) fon) _ VR @) fonw) _ VR
T VR + VIN (Min) T VR + V2 DViN Min)
. ) Pout (Max.) 1
» Maximum average primary current : I )=
gep y P (Max) n D\/|N(Min.)
e Maximum peak primary current : IP(PEAK) = 2 Ip(AV) (Max.) EIM
. . toN(L)
* Primary inductance : Lp = VIN (Min. Bli
i (Min. P(PEAK)
* Maximum transformation ratio :
Ons O Vout + Vp] [T — tonL Ons O Vourt + Vp] [T - toNL
) HEsH _l _][ ) 2 HnsH _1 _ ][ N
0" Chvax) VIN (Min) Clong) 0" Cviax) ViN (Min.) Ctone) (V2

* Peak rectifier current :

IsEAKk) = 2 louT m

< Minimum power transfer at frequency "f” :

2
PouT Miny =1 D[V|N (Max.) (ToN (Min.)] F

2[p
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VIL.3 - MULTI-OUTPUT FLYBACK

Alltransformer windings undergo the same flux change of dg/dt. Regulation of any output causes regulation

of all other windings.

Figure 56
ViN© O
IN 0
ne o1 _do
nl_ dt e n
= |8R
€o .E:d_q) 2 2
no, dt
K
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