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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics.
As used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when proper- ably be expected to cause the failure of the life support
ly used in accordance with instructions for use provided device or system, or to affect its safety or effectiveness.

with the product, can be reasonably expected to result in
significant injury to the user.
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INTRODUCTION

SGS-THOMSON'’s dedicated video product range is now so extensive that it has been
necessary to divide the databook into two volumes: one for power devices and graphic
circuits and one for signal devices. Application notes for video products have been
gathered together in the video products Application Manual.

Volume 1, Signal Processing Products, covers chroma and video ICs, single-chip
processors, video switch matrices and other signal level parts. In this area the company
specializes in offering complete solutions all of the ICs needed for a specific TV or
monitor chassis type and gives special attention to the basic solutions. Much of the
knowhow in this field has been gained in the demanding Asia/Pacific market for the
cost effective aspect, and in western Europe for PAL/SECAM multistandard design,
placing SGS-THOMSON in a very strong position in the emergent East European
market the new frontier in consumer electronics.

Volume 2, Power & Graphics Products, covers power ICs such as deflection boosters
and sound channels, plus other ICs for graphics monitor deflection applications. In the
monitor market SGS-THOMSON is the recognized world leader; in fact today 7 out of
10 monitors produced in the world include SGS-THOMSON ICs. Power ICs in general
are a traditional specialty of the company, which began producing monolithic power
amplifiers in the 60’s and has remained at the forefront of power technology develop-
ment ever since.

With these two volumes SGS-THOMSON Microelectronics proposes a dedicated
video product range that satisfies virtually every need in television, monitor, VCR and
related applications. And if you don't find the product you are looking for in these
volumes contact the nearest SGS-THOMSON office; it may be that the product you
want is included in other books covering micros, memories, standard ICs or discretes.

The Video Products Application Manual is part of the comprehensive technical support
offered by SGS-THOMSON’s Video Division to make application design fast and
productive. This support also includes PC design aids and evaluation boards.
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VERTICAL DEFLECTION CIRCUITS FOR TV & MONITOR

by Alessandro MESSI
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1. INTRODUCTION

In a general way we can define vertical stages In Figure 1 is represented the more general
circuits able to deliver a current ramp suitable to possible block diagram of a device performing the

drive the vertical deflection yoke. vertical deflection.
Figure 1 : Block Diagram of a General Deflection Stage.
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APPLICATION NOTE

Such a device will be called "complete vertical
stage" because it can be simply driven by a syn-
chronization pulse and it comprises all the circuitry
necessary to perform the vertical deflection that s :
oscillator, voltage ramp generator, blanking gene-
tor, output power and flyback generator.

At the right side of the dotted line in Figure 1 is
represented the circuitry characterizing a "vertical
output stage”. This kind of device comprises only
the power stages and it has to be driven by a
voltage sawtooth generated by a previous circuit
(for example a horizontal and vertical synchroniza-
tion stage.

In the first class there are the following devices :
TDA1170D, TDA1170N, TDA1170S, TDA1175,
TDA1670A, TDA1675, TDA1770A, TDA1872A,
TDAB8176.

Inthe second class there are : TDA2170, TDA2270,
TDA8170, TDA8172, TDA8173, TDA8175,

Figure 2 : First Kind of Oscillator Stage.

TDA8178, TDA8179.

There is also a third class of vertical stages com-
prising the voltage ramp generator but without the
oscillator; these circuits must be driven by an al-
ready synchronized pulse. In this third class there
are : TDA1771 and TDA8174.

2. OSCILLATOR

There are two different kinds of oscillator stages
used in SGS-THOMSON complete vertical deflec-
tions, one is used in TDA1170D, TDA1170N,
TDA1170S, TDA1175 and TDA8176, the other in
TDA1670A, TDA1675, TDA1170Aand TDA1872A.
The principle of the first kind of oscillator is repre-
sented in Figure 2.

The following explanations will be the more general
possibie; we shall inform the reader when we refer
to a particular device.

Ve Vs

EVO0VERT-02

When the switches T+ and T2 are opened the Co
capacitor charges exponentially through Ro to the
value V*max) determined by the integrated resis-
tors Ry, Rz, Ra and Ra. At this point the switches
are closed, short-circuiting Rz and R4, so the volt-

age at the non-inverting input becomes V*min). The
capacitor Co discharges to this value through the
integrated resistor Rs.

The free running frequency can be easily calcu-
lated resulting in :

To= Ro- Co- log A=V em g
VR = V" (MAX)

- Co- log

V' (MAx) ™) fo=
V' MiNy To

with Ro = 360 kQ and Co = 100 nF, it results in 43.7
Hz.

The oscillator synchronization is obtained reducing
the superior threshold V*max) short-circuiting the

2/24
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R4 resistor when a vertical synchronization pulse
occurs.

The second kind of oscillator is represented in
Figure 3.
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Figure 3 : Second Kind of Oscillator Stage.
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When the switch T is in position 2, a constant
current Ico = V "/ Ro flows through Co charging it
with a voltage ramp. When the voltage Vo reaches
Vomax), T passes in position 1, so a constant
currentIco = ( Ve - V) / Rodischarges the capac-
itor causing the inversion of the voltage ramp slope

at the output Vo ( t ). The discharges stops when
Vo reaches the value Vominy and the cycle takes
place again.

Itis possible to calculate the free running frequency
fo with the following formula :

To

_ (Vomax) — Vo) - Ro: Co . (Vomax) — Vominy ) - Ro - Co

V-

V- V"~ @

with Vomax) - Vominy = 3.9V, Vg = 6.5V, V ™ =
0.445V, Ro = 7.5kQ and Co = 330nF it results in :
fo = 43.8Hz.

The oscillator synchronization is still obtained in the
above mentioned way.

In order to guarantee a minimum pull-in range of
14Hz the threshold value has been chosen in
Vp = 4.3V.

The spread of the free running frequency in this

Figure 4 : Ramp Generator.

kind of oscillator is very low because it mainly
depends from the threshold values Vomax), Vomin)
and V " that are determined by resistor rates that
can be done very precise.

3. RAMP GENERATOR

The ramp generator is conceptually represented in
Figure 4.

Vrequlated
| clock from
S Ix oscillator ] I—-j I’_
T
A Vrcmp 1
[BUFFER
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APPLICATION NOTE

The Voltage ramp is obtained charging the group
R1, C1 and C2 with a constant current Ix.

Itis easy to calculate the voltage Vramp That resuits
in:

Vramp (t)= (Viminy— R1- Ix)

t
€ R -C + Ri-Ix (3)

where Vmin) is the voltage in A when the charge
starts and C is the series of C1 and Ca2.

The resistor R1 is necessary to give a"C correction”
to the voltage ramp. The ramp amplitude is deter-
mined by Ix = VRea / P1,s0 the potentiometer Py is
necessary to perform the height control.

The voltage ramp is then transferred on a low
impedence in B through a buffer stage.

Te P2 potentiometer connected between D and B
performs the ramp linearity control or "S correction”
that is necessary to have a correct reproduction of
the images on the TV set.

The voltage ramp in B grows up until the switch T+
is closed by a clock pulse coming from the oscilla-
tor; in this way the capacitors discharge fastly to
Vminy that is dependent upon the saturation volt-
age of the transistor that realizes the switch.

At this point the exponential charge takes place
again.

4, BLANKING GENERATOR AND CRT PRO-
TECTION

This circuit senses the presence of the clock pulse
Figure 5 : Amplifier Stage.

coming from the oscillator stage and the flyback
pulse on the yoke. If both of them are present a
blanking pulse is generated able to blank the CRT
during the retrace period. The duration of this pulse
is the same of the one coming from the oscillator.
If for any reason the vertical deflection would fail,
for instance for a short circuit or an open circuit of
the yoke, the absence of the flyback pulse puts the
circuit in such a condition that a continuous vertical
blanking is generated in order to protect the CRT
against eventual damages.

This circuit is available only in the following de-
vices : TDA1670A, TDA1675, TDA1770A and
TDA1872A.

The stages we will consider starting from this point
are common both to complete vertical stages and
vertical output stages.

5. POWER AMPLIFIER STAGE

This stage can be divided into two distinct parts :
the amplifier circuit and the output power.

The amplifier is realized with a differential circuit; a
schematic diagram is represented in Figure 5.

i

Vs
5 S B &
Vo l\ Q4 Qz/l-—. v* {¢ A to power
s
Kos ﬁ'\)m
¥,
Qg

VOOVERT-05

The open-loop gain of the circuit is variable from
60dB to 90dB for the different integrated circuits.

The compensation capacitor C determines the
dominant pole of the ampilifier. In order to obtain a
dominant pole in the range of 400Hz, the capacitor

4/24

12

must be of about 10pF.

As an example in Figure 6 is represented the boole
diagram of the amplifier open loop gain for
TDA8172.
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Figure 6 : Amplifier Open Loop Gain and Phase.
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The output power stage is designed in order to
deliver to the yoke a vertical deflection current from
1 to 2 Apeak, depending upon the different devices,
and able to support flyback voltages up to 60V. A
typical output stage is depicted in Figure 7.

Figure 7 : Power Stage.
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The upper power transistor Q1 conducts during the
first part of the scanning period when the vertical
deflection current is flowing from the supply voltage
into the yoke; when the current becomes negative,
that is it comes out of the yoke, it flows through the
lower power transistor Q2.The circuit connected
between the two output transistors is necessary to
avoid distortion of the current at the crossing of

VOOVERT-07
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zero, when Q; is turned off and Qz is turned on.
When the flyback begins, Q2 is switched-off by Q3
in order to make it able to support the high voltage
of the flyback pulse.

The circuit behaviour during flyback is explained in
chapter 7.

6. THERMAL PROTECTION

The thermal protection is available in all the devices
except the TDA1170 family and the TDA8176.
This circuit is usefull to avoid damages at the
integrated circuit due to a too high junction temper-
ature caused by an incorrect working condition.

It is possible to sense the silicon temperature be-
cause the transistor Vg varies of - 2mV/ °C, so a
temperature variation can be reconducted to a
voltage variation.

If the temperature increases and it is reaching
150°C, the integrated circuit output is shut down by
putting off the current sources of the power stage.

7. FLYBACK BEHAVIOUR

In order to obtain sufficiently short flyback times, a
voltage greather than the scanning voltage must
be applied to the deflection yoke.

By using a flyback generator, the yoke is only
supplied with a voltage close to double the supply
during flyback.

Thus, the power dissipated is reduced to approxi-
mately one third and the flyback time is halfed.

5/24
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_The flyback circuit is shown in Figure 8 together with the power stage.

Figure 8 : Output Power and Flyback stages.
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Figure 9 shows the circuit behaviuor, to show oper- order to eliminate electrical parameters that do not
ation clearly. The graphs are not drawn to scale. significantly influence circuit operations.
Certain approximations are made in the analysis in
Figure 9 : Current in the Yoke and Voltage Drop on the Yoke during Vertical Deflection.
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APPLICATION NOTE

a) Scan period (ts - t7) : Figure 10

During scanning Qs, Q4 and Qs are off and this
causes Qs to saturate.

A current from the voltage supply to ground flows
through Dg, Ce and Qs charging the Cg capacitor
upto:

VCg= Vs - VDg - VQesaT (4)

At the end of this period the scan current has
reached its peak value (Ip) and it is flowing from the
yoke to the device. At the same time Va has
reached its minimum value.

In Figures 11 and 12 are depicted the voltage drop
on the yoke and the currents flowing through Ds
and the yoke.

Figure 10 : Circuit Involved during Scan Period.

—— VOOVERT-10

Figure 11 : Voltage Drop on the Yoke and Cur-
rent Flowing through Ds.

V = 10V/div.
| = 0.5A/div.
t = 2ms/div.
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Figure 12 : Voltage Drop on the Yoke and Cur-
rent Flowing through the Yoke.

V = 10V/div.
I = 1A/div.
t = Sms/div.

~ [T D
| ~ ~J

VIOVERT-12

b) Flyback starting (to - t1) : Figure 13

Qg, that was conducting the - |p current, is turned
off by the buffer stage.

The yoke, charged to Ip, now forces this current to
flow partially through the Boucherot cell (l1) and
partially through D1, Cs and Qs (l2).

In Figures 14, 15 and 16 are represented the
currents flowing through the yoke, the Boucherot
cell and Ds.

Figure 13 : Circuit Involved during Flyback Star-

ting.
— [
32—
D1 = CB
. i2 12
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Bouc 12
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APPLICATION NOTE

c) Flyback starting (t1 - t2)

When the voltage drop at pin A rises over Vs, Q3
turns on and this causes Q4 and Qs to saturate.
Consequently Qs turns off.

During this period the voltage at pin D is forced to :

Vb = Vs - VQasat (5)

Therefore the voltage at pin B becomes :

Ve= Vca+ Vp (6)

The yoke current flows in the Boucherot cell added
to another current peak flowing from Vs via Q4 and
Cg (Figures 14 and 15).

Figure 14 : Voltage Drop on the Yoke and Cur-
rent Flowing through the Boucherot

Figure 15 : Voltage Drop on the Yoke and Cur-
rent Flowing through D1.
V = 10V/div.
I = 1A/iv.
t = 1us/div.
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Figure 16 : Voltage Drop on the Yoke and Cur-

rent Flowing through the Yoke.
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APPLICATION NOTE

d) Negative current rise (t2 - t3 ) : Figuré 17

Figure 17 : Circuit Involved during the Negative
Current Rise.

VOOVERT-17

During this period, the voltage applied at pin Ais :

Va= VB + Vpy,

Va= Veg+ Vp+ Vb,

Va= Vs— Vpe- VQessat+ Vs+ Vb2 + Vpi,
Va= 2 Vs+ Vpi+ Vpz— Vpe- VQesaT

@)

It is possible to calculate the current solving the
following equation :

Va = Ly%+ CiDJi.dt+ R (8

where R= Rr+ Ry

Because the voltage at pin A is approximatively
constant (error less than 2%) we can simplify the
(8) in the following equation :

d?i R di 1
— + — — i =
dt? Ly Co

Ly dt o ®

It results in :

Ip

i(t)= —5r—r
e2BAT _ 4

o+ Byt _
1 - g 2BAT

ia e Bt (1)

where :

oc:i B=\/ R
Y

2
2L 4. Ly

1
Ly Cp

ATi=t3- b

obtain the following equation :

Because of ATy is two orders of magnitude lower than the scan time, we can apply an exponential sum to

o cosh (2B ATy + Bsinh (2B AT1)— o

t— Ip

i(t)=1Ip

cosh (2B ATy - 1

(1)

c’l SGS-THOMSON
| MICROELECTRONIGS

9/24

17



APPLICATION NOTE

Figure 18 : Voltage Drop on the Yoke and Cur-
rent Flowing through the Yoke.
V = 10V/div.
| 250mA/div.
t 100us/div.

ot
A
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Simplifying :

B8 S E—

VOOVERT-18

: 1
i(t)=Ip (a+A—T1]t— b (12)

When the current becomes zero, D1 turns off and
Qg saturates; so the pin A voltage becames :

Va= VB— VQasar
Va= 2-Vs- Vpg— VQgsar
— VQusar — VQosar (14)

The current flows from +Vs into the yoke through
Qs, Cg and Q2 and rises from zero to Ip as it can
be seen in Figure 18.

By using the previous procedure explained in sec-
tion d), we can obtain the slope of the current :

di R 1
Et = [m + A‘TQJ Ip (A/s) (15)

where ATzo= t4— t3

f) Flyback decay (ts - ts)

When the yoke current reaches its maximum peak,
Qo desaturates and conducts the maximum peak
current flowing from Vs via Q4 and Cg into Ly; the
current flowing through Cg is depicted in Figure 20.

Figure 20 : Voltage Drop on the Yoke and Cur-
rent Flowing through Cs.

The slope of the current is therefore : V = 10V/div.
I = 0.5A/div.
di R 1 t = 100us/div.
dt = (ZLY T ATy ] o () (19 B
The current flows from the yoke to Vs through D1, |V

Cs and D2, and it is depicted in Figure 18.

e) Positive current rise (t3 - t4) : Figure 19

Figure 19 : Circuit Involved during the Positive
Current Rise.

|
Cg
Q4

VOOVERT-19
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An eventual antiringing parallel resistor modify the
linear decay slope in an exponential one, as it can
be seen in Figure 22.

This continues until the buffer stage turns Q2 on.
The effect of the Boucherot cell during this periode
is negligible (see Figure 21).
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Figure 21 : Voltage Drop on the Yoke and Current
Flowing through the Boucherot Cell.

Figure 22 : Effect of the Resistor in Parallel con-
nected to the yoke.

V = 10V/div. V = 10V/div.
I = 100mA/div.
t = 100us/div.
—~ v [ 7
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F\\L Y
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g) Va pedestal (is - te) connection between pin D and Vs.
When Va reaches the value Vs of the supply volt- Therefore Vg drops to Vs Vps while

age, the flyback generator stops its function.
Qs is turned off and turns off Q4 that open the

Va= Vs— Vps - VQocEon
At this point the normal scan takes place.

8. CURRENT-VOLTAGE CHARACTERISTICS OF THE RECIRCULATING DIODES.

The following Figures 23 and 24 reproduce the | -V
characteristics of the integrated recirculating di-

Figure 23 : | - V Characteristic of the Diode D1.
V = 500mV/div.
| = 200mA/div.

odes D1 and D2 (see Figure 8).

Figure 24 : | - V Characteristic of the Diode Do.
V = 500mV/div.
| 200mA/div.

[ )

EEEEY
/

| /
| /

VOOVERT-23

These characteristics are useful in order to calcu-
late the maximum voltage reached at pin A with the

£ SGS-THOMSON
Y/ HICHOELECTRONICS

VOOVERT-24

formula (7) explained in chapter 7.
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9. CALCULATION PROCEDURE OF THE FLY-
BACK DURATION

The flyback duration can be calculated using the
following procedure (referring to Figure 25).

Figure 25 : Circuit Involved in the Calculation of
Flyback Duration.

VIOVERT-25

During the flyback period the voltage applied at
pin A is about 2 Vs, as previously explained in
chapter 7. The voltage drop across Cp is approxi-
matively a constant voltage little less than Vs /2.
The voltage on the feedback resistor Rr is :
VRE(t)= Rr Iv(t)

so in the period which we are considering it is
negligible respect to Vs/2.

The effect of the Boucherot cell during this period
is not sensible as it can be seen in Figure 21; while
Rp acts principally during the flyback decay time
(Figure 9 :t4 - ts) reducing its slope and the resulting
oscillations but doesn't influence the total flyback
time as shown in Figure 22. So their influences are
also negligible.

Now the effective voltage drop across the yoke can
be approximated to :

Figure 25 can be simplified as shown in Figure 26.

Figure 26 : Simplified Circuit for the Calculation
of Flyback Duration.

VOOVERT-26
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The voltage charges the coil with a linear current
that can be calculated in the following way :

(1) = Llij.dt: Lle gvs‘dt (16)

i(t) =

3
LYZVs-tJr K

K is calculated imposing that the current at the
beginning of the flyback is - Ip.

i(0) =
i(t) =

Ip K= -lp
\
St e (17)

3 Vs
2 Ly

At the end of the flyback period the current will be
+ lp, s0 we can write :

<

S

3
lp 3 Ly tr — Ip

The duration of the flyback period is then :

tP= 5 ot = 22 (18)

10. APPLICATION INFORMATION

The vertical deflection stages producted by SGS-
THOMSON are able to cover the complete range
of applications that the market need for color tele-
vision and high/very high resolution monitors.
Television and monitor applications are not very
different but in monitor field, in addition to the
linearity and interlacing problems, we have to pay
attention to the flyback time that must be very short
for very high resolution models.

in television applications the most important re-
quirement is to choose the lowest supply voltage
possible in order to minimize the power dissipation
in the integrated circuit, reducing the dimension of
the heatsink, and the power dissipation from the
voltage supplier.

These results can be reached very easily with
SGS-THOMSON deflection stages because of the
high efficiency of the flyback generator circuit used.
In high resolution monitors one of the main prob-
lems is to reach the very short flyback time re-
quested; the flyback generator, together with the
high current and power dissipation capabilities,
solve all the problems in a simple way.
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In Figures 27, 28 and 29 are depicted three typical application circuits for the different kinds of integrated
circuits available.

Figure 27 : Application Circuit for TDA1170.
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Figure 28 : Application Circuit for TDA1670A.
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Figure 29 : Application Circuit for TDA8170.
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In the following chapters we shall do the calculation

for television and monitor in order to choose the
right voltage supply and external network for the
yoke used and the current requirements.

11. SUPPLY VOLTAGE CALCULATION
For television applications we shall calculate the

minimum supply voltage necessary to have vertical
scanning knowing the yoke characteristics and the
current required for the given application.

Figure 30 shows the terms used in this section,
while the circuit part involved in the following cal-
culations is depicted in Figure 31.

Figure 30 : Parameters Used in the Calculation of the Supply Voltage.
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Figure 31 : Circuit Involved in the Calculation of
the Supply Voltage.

= Cp
Y
- - VIOVERT-31
Vs = supply voltage.
Vy = nominal voltage required to produce the

scanning current including the feedback
resistance and the 20% increasing for
temperature variations in the yoke

current;
Vy=(1.2Ry+ Rr) ly (19)
Vsat1 = nominal output saturation voltage due

to the upper power transistor Q1
(see Figure 32);

Vsat2 = nominal output saturation voltage due
to the lower power transistor Q2
(see Figure 33);

Vom = nominal quiescent voltage (midpoint) on
the output power transistors;

Ve = voltage peak due to the charge of Cp
capacitor;

Iy - ts

Vc=8~C[:.

(20)

Vi = voltage drop due to the yoke induc-
tance Ly;

Ly - Iy
Vi = s (21)

‘ﬂ SGS-THOMSON

Figure 32 : Saturation characteristic of the Upper

Power Transistor.
VSAT1
) T
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2.0 A ]
A
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Figure 33 : Saturation characteristic of the Lower
Power Transistor.

VsaT1
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A
/
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Vb = nominal voltage drop on Dg diode in
series with the supply;
T = vertical scan period;
tF = flyback time;
te = 2 ly - Ly
F=3 7 Vs
15/24
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ts = scanning time;
ts = T-trF
Iy = peak to peak deflection current;
Ry = nominal yoke resistance;
Ly = nominal yoke inductance;
Rr = feedback resistor.

Referring to Figure 30 it is easy to see that the
minimum supply voltage is given by :

Vs = Vom+ Vrop (22)

where :

e AVc  due to the tolerance of Cp and yoke cur-
rent regulation;
111vts
AVg = —x——> -V 27
= 8 CoMiny c (7)
e AVL due to the tolerance of Ly (+ 10%) and
yoke current regulation;
110y 1.1 L
AV, = —Yt—S—Y -V (28)

AVsat1 = Vsarimax) — Vsari
AVsat2 = Vsatomax) — Vsat2

Vv
Vom = ?Y+ Vsatz+ Vo+ VL (23)

-

and :

\
Vtop = ?Y+ Vb+ Vsat1— VL- Ve (24)

So we obtain :

Vs = Vy+ Vb + VsaT1 + Vsar2 (25)

The (25) gives the minimum voltage supply if we
do not consider the tolerances of the integrated
circuit and of the external components, but the
calculation, even if it was not realistic, it was useful
in order to understand the procedure.

Now we shall do the same thing considering all the
possible spreads; we can in this way obtain the real
minimum supply voltage.

We shall follow the statistical composition of
spreads because itis never possible that all of them
are present at the same time with the same sign.

We must consider the following spreads :

o AVy due to the variation of yoke and feed-
back resistance and yoke current, sup-
posing a 10% of regulation range in
scanning current and a precision of 7%
for resistors;

AVy= (12Ry+ RF) 1.07 (1.11y) = Vy
- (28)

16/24

24

For each parameter, it is necessary to calculate the
factor p, expressing the percentual influence of
every parameter variation on the nominal supply
voltage, with the following formulas :

for Vom :
AV
~ Vom

for Vtop :
_ AV
P= Vror

We have then to calculate the square mean root of
the spreads expressed as :

NV X 2

Soif we call :

Vom1

et VE )

and :

Vrop1 = Vrop [1 + NV X p? J

We can write :

Vs = Vomi + VTop1 (29)

ST i
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An example of calculation will better explain the
procedure. We shall consider a 26", 110°,
neck 29.1mm tube whose characteristics are :

ly =1.2 App;

Ry = 9.6Q + 7%;

Ly = 24.6mH £ 10%.

We shall use a coupling capacitance Cp of 1500pF
with + 50% and - 10% tolerance and a feedback
resistance Rr of 1.2Q.

a) Nominal minimum supply voltage :

Vy = (12Rvy+ RF) Iy = 15.264 V
oy ts
Ve = 8 Co - 2V
v 2 azey
ts
Vsat1 = 1.25V Vsat2 = 0.68V
Vp =1V
Vom = 11.788V  Viop = 6.406V

We obtain : Vs = 18.2V

b) Statistical minimum supply voltage :

AVe = 2.702V
7 2 _
PVw= o, P vwm= 1.313. 1072
M2 2 -2
= = 4.447 . 10
PVyr Viop P vyt
AVg = 0.445V p? oy = 1421 1073
p? vor = 4.813. 1072
2 _ —4
AVL = 031V p? viu= 6.914 - 10

p2yy=2341. 1073

AVsaTs = 045V p2 gy = 4.935- 1072

I

AVsatz = 027V P2 vepro = 5.246- 1074

Vomi1 = Vom [1 + N Z p2

Vtop1 = VTor [1 + > p2 ]= 7.930 V

Vs = Vomt + Viop1 = 212V

This is a real value for the minimum supply voltage
needed by the above mentioned application.
In this case we obtain a flyback duration of about :

ly - Ly
Vs

win

tr = ~ 900 us

12. CALCULATION OF MIDPOINT AND GAIN

For the calculation of the output midpoint voltage,
it is necessary to consider the different feedback
network for the applications of the various inte-
grated circuits.

We shall first consider the TDA1170 family, the
TDA1175, TDA2170, TDA2270, TDA8170,
TDA8172, TDA8173, TDA8175 and TDA8176.
The equivalent circuit of the output stage is repre-
sented in Figure 34.

Figure 34 : Circuit Utilized for the Calculation of
midpoint and gain for TDA1170,
TDA1175, TDA8176, TDA2170,
TDA2270, TDA8170, TDA8172,
TDA8173 and TDA8175.

Vs

Ly

+
T Cc
Rs

VOOVERT-34

For DC considerations we shall consider the two
capacitors as open circuits. Because of the very
high gain of the amplifier we can suppose :

V™ = Vg

We can so write :

I+ 2= 13 (30)

Lyz $55;THOMSON
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where :
Vi — VR Vo - Vr VR
= ——— lp = =—=——©nu— I3 = —————
R Ra + RB RF + Rs
Substituting into the (30) we obtain :
_ Ra + Rs . Ra + Rs
Vo = VR [1+———RF+RSJ - (VI_VR)—_R1 (31)

Let’s consider now TDA1670A, TDA1675, The equivalent output circuit is depicted in Fig-
TDA1770A, TDA1771, TDA1872A and TDA8174. ure 35.

Figure 35 :Circuit Utilized for the Calculation of Midpoint and Gain for TDA1670A, TDA1675,TDA1770A,
TDA1771, TDA1872A and TDA8174.

Vs
VRO—_"'\L Vo
v—|_ A 7
Vi L R Ly
L.Ri B2, Vx Ra
1 12 13 +
Rc Cc
Rg
+
14 Lj—‘ Cp
ERS
= V9OVERT-35
We can write :
Iy = Iz (32) lo + I3 = la (33)
where :
l_Vi—VR I=VR_VX I=Vo—Vx e = Vx
1S TR 2 Rz 3 Ra “~ Rs + Rs

with the (32) and (33) we can calculate the DC output voltage. It results in :

B Ra + R2 Ra(Ri + Ro) (RBa + Rz Ra - Ro
VO‘VR[” Rr "Ri(Re+Rs)| | R T Ri(RetRs)) Y
Referring to Figures 34 and 35, it is possible to ing approximations :
calculate the transconductance gain of the power - the capacitors are practically short circuits;
amplifier. For this calculation we shall do the follow- - the gain A of the amplifier is very high (A — o).
18/24
b7 SETHOMSON
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For the circuit represented in Figure 34 we while for the application in Figure 35 the yoke
obtain : current results in :
__Rr _ B2+ Ra//Re//Rc |,
vy = Ri - Rs Vi (36) ly = R, Rs Vi (37)

Using the (31), (34), (35) and (36) it is possible to different yoke known the scanning current and the

calculate the external feedback network for every midpoint output voltage.

Figure 36 : Open Loop Gain and Phase for the Application Circuit in Figure 27.
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P
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Figure 37 : Open Loop Gain and Phase for the Application Circuit in Figure 28.
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We can now consider the open loop gain of the
whole system amplifier plus external feedback net-

work. This calculation is useful in order to verify that
no oscillations can occur at any frequency.

Figure 38 : Open Loop Gain and Phase for the Application Circuit in Figure 29.
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We shall consider some typical applications; the
results are reported in Figures 36, 37 and 38.

Itis easy to verify that in all cases, when the gain
reaches 0dB, the phase margin is about 60°, so the
stability of the system is assured.

13. MONITOR APPLICATIONS

In monitor applications the flyback time needed
could be very smaller than the one we get using the
minimum supply voltage calculation.

It is possible to reduce the flyback time in two
different ways :

a) increasing the supply voltage, when the nominal
value calculated is lower than the integrated circuit
limit;

b) choosing a yoke with lower values in inductance
and resistance and by supplying the circuit with the
voltage needed for getting the right flyback time.

In both cases we have to calculate the biasing and
the gain conditions using the nominal voltage and
then we fix the supply voltage for the flyback time
requested with the formula (18) :

20y - Ly

3 tF

Vg =

The calculation procedure for monitors is so the

20/24,
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same as the one we have explained in the previous
chapters for television applications.

14. POWER DISSIPATION

We shall now examine the power dissipation of the
integrated circuit and the dimensions of the
heatsink.

To calculate the power dissipated we must consider
the maximum scanning current required to drive
the yoke lymax) and the maximum supply voltage
Vsimaxy because we have to dimension the
heatsink for the worst case.

The current absorbed from the power supply is
depicted in Figure 39.

Figure 39 : Current Absorbed from the Power
Supply during Scanning.

ly/2=lp

1/2 T t
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The equation of the curve is :

N
|(t)42 Tt
i(t)y =0

forO<t<T/2

(37)
for T/2<t<T

To the previous one we have to sum the DC current
necessary to supply the other parts of the circuit
(quiescent current).

The power absorbed by the deflection circuit is
then :

T2
Py = Jo Vsmaxy - 1(t)- dt+ Vsmax) - loc
T2 [ lymaxy  lyvaxy
-V - et
S(MAX) jO [ 2 T

] dt + Vsmax) - loc

The solution is :

Pa = Vsmax) (

lymaxy
8

(38)

+ loo]

The power dissipated outside the integrated circuit
is formed by the three following fundamental com-
ponents : the scanning power dissipated in the
yoke for which the minimum resistance of yoke
Ry(miN) and the maximum scanning current ly(max)

must be considered, the power dissipated in the
feedback resistance Rr and that one dissipated in
the diode for recovery of flyback.

The power dissipated outside the integrated circuit
is then :

T 2 T/2
Py ,[O(RY<M|N)+ Re) i (t)-dt+'fo Vb

lymax) - lywax)
2 T

T
(Ryiny + Re) Jo (

3 T2
] dt + Vp jo [

i(t). dt

lvoax) - lvwax) |
2 T

]dt

The solution is :

% youax, ( Ryauiny + Ry) N lyimaxy - Vo

Py = 12 8 (39)
The power dissipated inside the integrated circuit is :
Pp = Pa- Py (40)

The thermal resistance of the heatsink to be used
with the integrated circuit depends upon the maxi-
mum junction temperature Tymax), the maximum
ambient temperature Tams and the thermal resis-

tance between junction and tab RtH (-1aAB) that is
different for the various packages used. The ther-
mal resistance of the heatsink is expressed by the
following formula :

Tumax) — TamBMax)

RTHJ-AMB = B RTH J-TAB (41)
DMAX)
(37 SGS-THOMSON 2124
Y/ HICROELECTRON.CS
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As an example we can calculate the dissipated
power and the thermal resistance of the heatsink
for the 26", 110°, neck 29.1mm tube for which we
calculated the minimum supply voltage in chap-
ter 11.

We shall consider the integrated circuit TDA1670A
and we can suppose a maximum supply voltage of
25V.

The power absorbed from the supply is :

Pa = 25 [%+ 0.04): 475W
The power dissipated outside the integrated circuit is :
2
Py = 1.2 (9.6‘1(;.93+ 1.2) + 1.:1 - 137W

, therefore the power dissipated by the integrated
circuit is :

Pp = 475- 137 = 3.38W

The thermal resistance of the heatsink, considering
the RtH J.-1AB for the multiwatt package of 3°C/W,
a maximum junction temperature of 120°C and a
maximum ambient temperature of 60°C is :

120 - 60
3.38

Rt H-AMB = - 3= 15°Cw

For the same application with TDA1170S we have
a thermal resistance for the heatsink of about
8°C/W.

15. BLANKING PULSE DURATION ADJUST-
MENT

For the devices that have the blanking generator it
is possible to adjust the blanking pulse duration.
We shall consider as an example the TDA1670A;
the circuit arrangement is depicted in Figure 40.

Figure 40 : Circuit Arrangement for Blanking
Pulse Duration Adjustment.

TN4148

VOOVERT-40

By adjusting R3 the blanking pulse duration will be
adapted to the flyback time used and the picture
tube protection will be ready to work properly.

22/24
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When necessary, it is possible to use a trimmer
system to adjust it very carefully.

16. LINEARITY ADJUSTMENT

The complete vertical stages have the possibility to
control the linearity of the vertical deflection ramp.
There are two different methods to obtain the
above mentioned performance.

a) For the first method we shall refer to
Figure 41.

Figure 41 : Circuitry for Ramp Linearity Regula-
tion.

Ramp
generator

VOOVERT-41

The linearity regulation is obtained by means of Ra,
Rs and Rr2.

In order to choose the right values of this compo-
nents we suggest to follow the following proce-
dure :

1 - Set the amplitude regulation potentiometer R+
for the nominal raster size;

2 - Disconnect the Ra resistance;

3 - Adjust the linearity control potentiometer Rrz in
order to obtain the top and the bottom of the raster
with the same amplitude;

4 - In this condiotion the center of the raster must
be narrower then the top and the bottom. If with Ra

MSON
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disconnected the center is larger than the top and
the bottom it is necessary to act on the feedback
network. Referring to Figures 27, 28 and 29 it is
necessary to increase the capacitors C11, Cg or Ce;
5 - After increasing the capacitors it is necessary to
repeat the linearity adjustment (R12 potentiometer)
in order to get the top and the bottom with the same
amplitude again;

6 - Connect the Ra resistor and repeat the linearity
adjustment (point 3 regulation);

7 - Check the top and the bottom amplitude com-
paring it with the center. If the center amplitude is
still narrower it is necessary to reduce Ra. If the
center amplitude becomes larger it is necessary to
increase Ra.

Note : Every time the linearity conditions are
changed (for adjusting or setting) before checking
the linearity status, the point 3 adjustment must be
repeated.

b) For the second method we shall refer to
Figure 28.

In this case the linearity regulation is obtained
acting directly on the feedback network, that is
substituting the Rs resistance with a potentiometer.
This solution is cheaper than the first one, because
it is possible to save the resistors Ra, Rs (see
Figure 41), the potentiometer Rtz and to use only
a capacitor instead of the series C1 and Ca.

On the other hand a disadvantage is due to the fact
that the resistance Rg influences not only the li-
nearity of the ramp but also the gain of the amplifier,
asitcan be seen in the equation (36). So to perform
a linearity adjustment it is necessary to act at the
same time on the potentiometer in the feedback
loop and on the potentiometer Rt (see Figure 41)
in order to correct the vertical amplitude variations.
On the contrary, in the method a) the linearity
control network doesn't influence any other par-
ameters. this is the reason why the a) method is
generally adopted by all television set producers.

17. FACILITIES AND IMPROVEMENTS

In this section we shall briefly examine some fa-
cilities which may be useful to improve operations
of the television set.

a) Blanking generator and CRT protection for
TDA1170 family.

At pin 3 a pulse is available which has the same
duration and phase as the flyback and amplitude

‘7 SGS-THOMSON
1 GCRoRLECTRONIGS

equal to the supply voltage.

If the retrace duration is not sufficient for carrying
out correct vertical blanking, for instance in the
presence of text and teletext signals the circuit of
Figure 42 can be used.

The true blanking generator is formed by Q1,R3 and
Czand the blanking duration is dependent upon the
values of Rz and C2. The other components are
used for picture tube protection in the event of loss
of vertical deflection current. If for any reason there
is no flyback, the transistor Q1 is permanently
inhibited and provides continuous switch off which
eliminates the white line at the center of the screen.
Thermal stability and stability with the supply volt-
age is good in relation to the simplicity of the
application.

Figure 42 : Blanking Generator and CRT Protec-
tion for TDA1170.

to pin6

to pin3

to pini

VOOVERT-42

b) Vertical deflection current compensation to
maintain picture size with beam current vari-
ations.

Changes in the supply voltage or the brightness
and contrast controis will bring out changes of the
beam current, thus causing EHT and picture size
variations.

The rate of change of the picture size is mainly
dependent upon the EHT internal resistance.

In order to avoid variations of the vertical picture
size it is necessary to track the scanning current to
the beam current. Because the tracking ratio :

A lyoke

- 100 42
A lgeam “2)

varies from one chassis design to another, three
suggested tracking circuits are shown in Figures
43, 44 and 45.

23/24
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The circuit in Figure 43 adopts the straight forward
technique of linking the vertical scanning current
directly to the beam current .lts drawback lies in the
fact that a long wire connection is required between
the EHT transformer and the vertical circuit, and the
layout of this connection could be critical for fla-
shover.

Figure 43 : Circuit for Vertical Scanning Current
Variation according with the Beam Current.
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The circuit of Figure 44, which links the vertical
scanning current directly to the supply voltage, is
the simplest one. Its drawback could be incorrect
tracking ratio and ripple on the supply voltage.To
overcome the drawbacks of the preceding circuit it
is usefull to filter out the supply voltage ripple and
adjust the tracking ratio by transferring the supply
voltage to a lower level by means of a Zener diode
as shown in Figure 45. Tracking ratio is adjusted
by choosing a suitable Zener voitage value.

Figure 44 : Circuit for Vertical Scanning Current
Variation according with the Supply
Voltage.
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Figure 45 : Circuit for Vertical Scanning Current
Variation according with the Supply
Voltage.
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18. GENERAL APPLICATION AND LAYOUT
HINTS

In order to avoid possible oscillations induced by
the layout it is very important to do a good choice
of the Boucherot cell position and ground placing.
The Boucherot cell must be placed the most
possible closed to the vertical deflection output of
the integrated circuit, while the ground of the sens-
ing resistor in series connected with the yoke must
be the same as the one of the integrated circuit
and different from the one of other power stages.
Particular care must be taken in the layout design
in order to protect the integrated circuit against
flashover of the CRT. For instance the ground of
the filter capacitor connected to the power supply
must be near the integrated circuit ground.

19. REFERENCES

1) Television Deflection Systems - A. Boekhorst,
J. Stolk - Philips Technical library.

2) TV Vertical Deflection System TDA1170S -
SGS-THOMSON Application Notes.

3) TDA1670A Technical Note - SGS-THOMSON
Technical Note.

4) TV and Monitor Vertical Deflection using
TDA1670A - O. Cossutta, F. Gatti
SGS-THOMSON Application Notes.

5) TDA1670A Flyback Stage Behaviour - A.
Messi, G. Nardini - SGS-THOMSON Applica-
tion Notes.




L3y SGS-THOMSON

TDA8102A
by Fabio GRILLI
TECHNICAL INFORMATION Page
1. ABSTRACT .o 2
2. INTRODUCTION . .o e e e e
3. FUNCTIONAL DESCRIPTION .. ... e e 3
3.1 Horizontal oscillator . ... ... .. e 3
3.2 Horizontal synchronism shapercircuit . ............ .. ... . . . . . . 3
3.3 First phase comparator (¢ 1) and phase adjustment interface circuit . ................. 4
3.4 Second phase comparator (¢ 2) between flyback and oscillator ..................... 4
3.5 Phase shifter, output stage and startup circuit ......... ... ... ... L. 5
3.6 Voltage regulator BV .. ... e 5
3.7 Vertical oscillator . . ... .. ... 6
3.8 S Correction circuit and DC linearity adjustment . .. .............. ... ... ... ....... 7
3.9 \Vertical amplitude regulation circuit .. ....... ... ... . . 8
4. CONCLUSION . ... e e 8
APPLICATION INFORMATION Page
5. HORIZONTAL SECTION . . ... e e e 10
51 FrequeNCy .. ... 10
52 Pull-inrange .. ... 10
5.3 Internal syncwidth . .. ... . 10
5.4 Phaseadjustmentrange ... ....... ... 10
5.5 Flyback input .. ... 1
6.  VERTICALSECTION . ... e e 11
B.1  FrequUenCy ... ... . 11
6.2 Pull-inrange ... ... 11
6.3 Amplitude adjustmentrange .. ... ... ... 12
6.4 Vertical DCreference . ....... ... 12
6.5 Linearity COmection ... ... ... ... 12
7. LAY-OUT HINTS . e e e 13
8.  ADJUSTING PROCEDURE . ... .. . e 13
8.1 Horizontal frequency . ..... e 13
8.2 \Vertical frequenCy ... ... ... 13
8.3 \Vertical amplitude and horizontalphase ......... ... ... ... ... .. .. ... .. .. ... ..., 13
8.4 Vertical linearity ... ... ... ... . . 14
9. COMPONENT LIST . ..o e e 16
AN374/0490 1/16

33



APPLICATION NOTE

TECHNICAL INFORMATION

1. ABSTRACT

The system evolution in the monitor field leads to
develop suitable I1.C.’s whose performances and
characteristics are mainly monitors oriented rather
than TV oriented. The automatic frequencies raster
preset of the monitor by computer and optical
equipments leads to the adoption of Digital to An-
alog converters in order to set the different param-
eters, and consequently all regulation must be DC
compatible.

High scanning frequency and low jitter are addi-
tional factors that characterize the quality and the
resolution of the monitor. In this note new circuit
solutions on silicon, concerning the monitor field,
are described. In a single |.C., making use of TTL
compatible synchro pulses, horizontal and vertical
processing functions and vertical ramp generation
are implemented.

INTRODUCTION

In Fig.1 is shown the block diagram of TDA8102A.

Horizontal frequency and phase as well as vertical
frequency, amplitude and linearity are all DC ad-

justable on different terminals.The horizontal
phase adjustment within + 45° is implemented on
first PLL (sync-oscillator) rather than on the second
PLL (flyback-oscillator) allowing the raster to be
centered in case of no standard phase sync posi-
tion.

An additional feature makes the raster phase inde-
pendent by the duty-cycle of the input synchroniz-
ing pulse thanks to an internal shaper circuit
generating a standard sync pulse starting from the
leading edge of input signal.

The vertical amplitude changes depending on a
voltage amplifier whose gain is set on Pin 16 ; the
peak to peak voltage of the sawtooth does not
influence its average value which is maintained
constant.

The current capability of the horizontal output stage
(Pin 7) is such to directly drive an external darling-
ton used as line power switch.

Since part of the jitter effect is due to the internal
voltage reference circuits, an external pin con-
nected to the Vco supply voltage is got available
for noise filtering (Pin 19).

Figure 1.
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3. FUNCTIONAL DESCRIPTION

Here following are briefly described all the func-
tional blocks of TDA8102A.

3.1 Horizontal oscillator

The circuit in Fig.2 is a Current Controlled Oscilla-
tor, it works charging and discharging the capacitor
at pin 2 between two thresholds Vst = 2.5V and
Vs2 = 6.5V coming from an internal resistor divider.
This one is also used to provide a voltage reference
at pin 1 (V1 = 3.5V) by means of a unity gain
amplifier.

Figure 2.

An external resistor connected between Pin 1 and
ground sets the current reference.

This current is mirrored with 0.5 : 1 ratio to charge
the capacitor Co at Pin 2, and with 2 : 1 ratio to
discharge Co.

The charging and discharging time ratio will result
in3:1.

The differential switch Q22-Qz3 is driven by a S-R
flip-flop, which changes its state every time that the
peak of the triangular waveform reaches one of the
two thresholds Vs1 or Vsz.

Vref

DISCHARGE
CHARGE | s

6.5V
3 2 /\
2.5V
I°

$—= HOSC

VO0TDAB102A-02

3.2 Horizontal synchronism shaper circuit

The electric diagram shown in Fig.3 can be divided
inthree stages. The first of which is a negative edge
detector able to set the S-R flip-flop each time that
a negative edge of the sync pulse is applied to the
input (Pin 4).

The second one is a differential stage that feeds
the first phase comparator (¢ 1).

The third stage uses an external capacitor to pro-
duce a ramp on the Pin 5. As soon as the peak of
the ramp reaches the internal threshold (6V) the
external capacitor is suddenly discharged and the
flip-flop is reset.

The horizonal sync pulse width on the collector of
Qsg will depend on the value of the capacitor at
Pin 5.

Figure 3.
SYNC
Vref
A 4
Q59 Q60
>. ’ S Q
I LR Q
—— I V90TDA8102A-03
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3.3 First phase comparator (¢ 1) and phase
adjustment interface circuit

In the circuit of Fig.4, a comparator squares the
horizontal waveform using as voltage reference
Vref1 which represents the output of the phase
adjustment interface circuit.

If the voltage at Pin 10 changes in the range from
0.5V to 4.5V, the phase will shift of + 45° between
the sync and the flyback pulse.

Figure 4.

The rectangular waveforms that are the outputs of
first differential amplifier are applied to another
differential stage which is activated only during the
horizontal sync pulse coming from the horizontal
sync shaper circuit.

The product in terms of current of the sync signal
and the oscillator signal is available at Pin 3.

Two clamp limit the maximum voltage range of
Pin 3 (from 1V to 6V) and consequently the hold in
range of the CCO.

Vref

DC HOR
PHASE ADJ.

ENABLE

HOSC SYNC

VO0TDA8102A-04

3.4 Second phase comparator (¢ 2) between
flyback and oscillator

This circuit recovers dynamically the deflection
delay of line output transistor.

The flyback pulse applied to Pin 8 (see Fig.5) is
detected and clamped at a voltage level of 0.7V.

Figure 5.

This circuit is similar to ¢ 1, the substantial differ-
ences are two, the input pulse is the flyback pulse
instead of sync pulse and the first differential stage
is activated by S-R flip-flop of horizontal oscillator.
The ¢ 2 output acts on the horizontal output stage
in order to shift the output pulse to recover the
deflection delay.

Vreet

=

°>Pin9

CHARGE

DISCHARGF

ENABLE

HOSC

HCOR FLYBACK

81 inpUT

VO0TDAB102A-05
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3.5 Phase shifter, output stage and start up
circuit

The storage time ts of the line output transistor is
recovered by advancing the leading edge of the
output pulse of ts with respect to the phase of the
sync reference.

The triangular oscillator waveform (Fig.6a) is com-
pared with internal threshold Si and S2 whose
voltages depend upon the voltage level present at
the output of phase comparator ¢ 2.

The voltage difference S1-S2 is constant and this
value fixes the duty-cycle of the horizontal output
pulse present at Pin 7.

During the positive slope of the oscillator the output
pulse (Pin 7) is low when the triangular waveform
voltage is in the voltage range established by S+
and S2; whereas during the negative slope of the
oscillator the output pulse is always at high level
thanks to a comparator drived by S-R flip-flop of
horizontal oscillator.

As shown in Fig.6a, a transistor insures that the
output pulse is low when the flyback pulse is pres-
ent.

At the switch on, the horizontal output stage (Pin 7)
is inhibited until the power supply does not over-
come 8 V.

Figure 6a.
HOSC
NN
CHARGE [:
DISCHARGE
Vs . HOR,IN‘FDLUYTBACK
8v
X
. VOOTDAB102-06A
Figure 6b. About the maximun allowable delay, it depends on

VO0TDA8102-06B

WG

‘ﬂ SGS-THOMSON

the flyback time and the working frequency (see
Fig.6b)..

The PLL2 works in such a way to maintain the
middle of the flyback exactly in correspondence
between the crossing of the Vrer = 4.5V and the
oscillator ramp.

Then if you suppose to have zero delay time, the
switch-off edge of the output pulse will rise at point
"A" now if the delay time increases the switch-off
edge will move to point "B" to recover the delay.
The equation to calculate the tp with a good approx-
imation is the following :

Maximum Allowable Delay :
b try

=75 2

where tr is the rise time of the horizontal
ramp = 3/4 T and trry is the flyback time.

5/16
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3.6 Voltage regulator 8 V

The voltage reference, Fig.7, is a band-gap circuit
that allows on the output a voltage reference equal
to 2.622V that means a voltage VL = 8V.

By means of zener zap is possible to adjust, during
the testing, the voltage reference from £ 6% into a
+ 2% range.

VL feeds all the circuits of the vertical side and, by
means of a unity gain amplifier, provides a voltage
reference (Vrer) at Pin 19 to supply all the circuits
of the horizontal side.

The unity gain amplifier is necessary to avoid all the
possible interactions between the horizontal and
vertical sections.

Moreover, to minimize jitter on the horizontal oscil-
lator, is possible to connect an external capacitor
between Pin 19 and ground.

3.7 Vertical oscillator

A new concept of vertical oscillator is implemented
in this .C. whose resistor divider, used to set the
lower and higher thresholds (Viow = 2V ;
Vhigh = 6.8V), is not commutated .

The circuit shown in Fig.8 works charging an exter-
nal capacitor connected at Pin 13 with a current set
at Pin 12 and reflectd to Pin 13 through a current
mirror.

As soon as the ramp gets Vm or Vhigh the capacitor
is quickly discharged by a darlington, the voltage
on the capacitor will fall down till to get the lower
threshold; at this point the darlington will be driven
off and the current will charge again the capacitor.
A buffer is used to decouple the ramp generator
from other circuits (like linearity correction and
amplitude regulation circuits).

The lower threshold is detected by a differential
stage whose current generator is only activated
during the discharge phase.

A comparator detects the higher threshold corre-
sponding to the free running frequency; if no sync

6/16
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Figure 7.

+Vs
[

), & 8v

Zc 2.622V

V90TDA8102A-07

pulse (negative edge) is applied on Pin 14, this
stage is continually fed and the capacitor at Pin 13
is discharged when the vertical ramp reaches Vhigh.
If the sync pulse is present the previous comparator
will be inhibited and another comparator, which has
the threshold at 5.2V (Vm), will be activated.

This last comparator, when it is set going, is able
to cause the discharge of the capacitor at Pin 13 if
the vertical ramp is between the thresholds Vm and
Vhigh.

In this way the vertical synchronization is estab-
lished.

To guarantee that the vertical oscillator is locked in
the middle of the pull-in range is necessary to adjust
the current at Pin 12 until the peak of the vertical
sawtooth, in locking condition, reaches the voltage
equal to:

vp =Yt Ve _gy

that means Vpp = 4V.
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Figure 8.
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3.8 S Correction circuit and DC linearity
adjustment

The circuit which is used to realize a new concept
of vertical linearity regulation is shown in Fig.9.

A comparator squares the vertical sawtooth using
as voltage reference a fixed value (4V) that is the
average value of sawtooth.

This squared signal is used to drive a particular
configuration of differential stage in order to obtain,
in terms of current, a triangular waveform which

Figure 9.

inverts its slope just when the original sawtooth
crosses the voltage reference.

This current signal is converted in voltage by a
resistor divider and transferred on Pin 18 through
a buffer.

The peak to peak voltage on this pin depends on
the maximum current that the output differential
stage is able to handie, the value of this current can
be externally regulated by means of Pin 17 through
a transconductance amplifier.

+Vs

VL

4V

-—
VOSC

I

]
Ty
~T

DC VERT.
LINEARITY
ADJ.

VI0TDA8102A-09

An external feedback resistor in series to a capac-
itor (to avoid any DC offset) must be connected

[77 %%S-THOMSO

between Pins 18 and 12 in order to obtain the
proper S correction as shown in Fig.10.
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Figure 10.
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3.9 Vertical amplitude regulation circuit

This function has been implemented using the
circuit configuration that can be seen in Fig.11.

It consists of an Op-Amp in non inverting input
configuration and of a variable gain OTA whose
gain can be set by means of the Pin 16 through a
transconductance amplifier.

Both the inputs of the two circuit handle the vertical
ramp and the output of the multiplier is fed back to
the inverting input.

The control circuit is a transconductance amplifier
that modulates the current of the variable gain OTA
depending on the DC voltage applied on Pin 16.

This circuit guarantees a gain adjustment of £ 20%
around the nominal value.

4. CONCLUSION

This new I.C. can be considered as a first step
towards a new generation of serial bus compatible
LSl circuits in which additional logic function can be
implemented and all the D/A converters can be
included.

It is assembiled in 20 pins DIL plastic package able
to dissipate the 0.7W required by a typical applica-
tion.

Figure 11.
VOSC
/
2.5V
+ +
D O \_< D
16 - r“**
4v vJ
V90T DA8102A-11
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APPLICATION INFORMATION

In Fig.12 is shown a typical application of the
TDA8102 A with the TDA8172, which is a vertical
booster; for further information regarding TDA8172

consult the note :

Figure 12.

SGS-THOMSON "Vertical Deflection Stages for TV
and Monitor" by A. MESSI

All the information is referred to the above men-

tioned figure.
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5. HORIZONTAL SECTION

5.1 Frequency

The device is able to work from 15 KHz to 100 KHz.
The free running frequency is fixed by the resistor
at Pin 1 (Rzs) and by the capacitor at Pin 2 (C17)
with the following formula:

1

fo= Ko x Ros x C17

where Ko is typically 3.0476 + 5% (see data-sheet).
In the aplication of Fig.12, using Ras = 6.8kQ and
C17 = 1.8nF, we obtain:

10°
fo=30a76x68x 1.8 - 20:808KkHz

The maximum available current at Pin 1 is 1mA, so
it must be il <1mA.
Rzs

By means of trimmer P4, it is possible to adjust the
horizontal free running frequency, that changes
accordingly with the following formula:

(Vp—V1)/Ros |

fH=fo{1— Vi/Ras

where 0 < Vp <8V is the voltage at the central point
of the trimmer (see Fig.13).

Figure 13.
VREF
P
a
— VP Rge \VAR!
Py =Py+ Py JH —
R ‘
st( J‘
VOOTDAB102A-13
10/16
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5.2 Pull-in range

This range is determined by the ability of the first
comparator (¢ 1) to correct the difference between
the sync frequency and the free running frequency
and it is set by R24 and Ros.

Vz-Vi|/R
fpuu—in=fo|~~3 1]/ Rea

|[V3 - V1| is typically 2.5V, while V1 = 3.5V.

This is the theoretical value calculated if the fre-
quency adjustment is disconnected.

In the application inf Fig.12 we have:

 penog 25 6800 _
foull-in = 26808 3.5 56000 ~ + 2.3kHz

When the frequency adjustment is connected the
pull-in range changes due to the fact that in parallel
with Ras are connected Ras + Pp (see Fig.13).

When the device is synchronized and perfectly
tuned, V3 = V1and the ¢ 1 will work in the best way.

C17, onthe contrary of Rzs, is influential only for the
free running frequency of the horizontal oscillator;
it has no effect on the pull-in range, which doesn't
change in percentage with respect to the free run-
ning frequency.

If you change the horizontal frequency changing
Ras the pull-in range changes accordingly with the
previous formula.

5.3 Internal sync. width

The internal sync. pulse is made by current gener-
ator (Is) that charges an external capacitor at Pin 5
(C21) up to the trigger threshold Vs = 6V.

_Co1xVs

ts Is

ts = 1 /(12 x fo) is recommended.

5.4 Phase adjustment range

The voltage range accepted at Pin 10 is from 0.5V
to 4.5V, so the resistor divider must be dimensioned
to supply these values.

In our application we have :
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__VLR
“R7+P3s+Rs 8

8 5.1

Viomin |=— &
oM =9 47451

=0.447V

__ Vi
"Ry PsrRs 2tFe)
8
v -8
10max |= 097 47 4 5.1 02

=4.575V

5.5 Flyback input

The resistor in series at Pin 8 (R27) must be dimen-
sioned in order to have an input current included
between 0.7mA and 2mA (typ 1mA), according with
the following formula:

Viy — 0.6V
Ror=—n

6. VERTICAL SECTION

6.1 Frequency

The device is able to work form 30Hz to 120Hz.
The free running frequency is fixed by Rz1 and Crs.
The formula to calculate the free running frequency
is the following:

Ic
Y™ (Vhigh — Viow) x C16

but

then

f, =
Y™ (Vhigh — View ) X C16 x Rz

where V12 = 3.5V, Vhigh = 6.8V and Viow = 2V.
In the application proposed the free running fre-
quency is:

‘y—l SGS-THOMSON

B 35x10°
T (6.8-2)x220x62

fy =53.4Hz

With the trimmer Ps is possible to change the
current that charges Cis and consequently to
change the free running frequency.

The current in C16 due to this correction become:

Vp — VE
Rao2

Vi

Ic =
Ra1

where 0 < Vp <8V is the voltage at the central point
of the trimmer (see Fig.14).

Figure 14,
2l 13
a Ic Ic
Ps=Py+ Py - ) 4
‘ Cie
V9OTDAB102A-14

It is easy to substitute the new Ic in the formula in
order to obtain the new free running frequency.

6.2 Pull-in range

The vertical pull-in range is fixed by internal thresh-
olds.

With reference to figure 15 :

11/16
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Figure 15.

Viow

VI0TDAB102A-15

we can write :

fpuIl -in = fmax - fv

fmax =375,
( Vhigh = Vm))
= " xty=Kiaxt
$ ™ (Vhigh - Viow )~ "y

the value of K14 is 0.333 (see data-sheet).

6.3 Amplitude adjustment range

The voltage range accepted at pin 16 is from 0.5V
to 4.5V.

So the resistor divider must be dimensioned to
supply these values.

In our application we have:

_ Vig
“Rs+PyrRg 2t Re)

8 52.1

v .8
16max | =39y 47 +5.1 >

=4.575V

This system allows a vertical ramp amplitude vari-
ation of £ 20% around the nominal value; the value
of amplitude of vertical ramp at Pin 15 can be
determined with the following formula:

Vispp = [Kie (V16 - 2.5) + Ki15] V13pp

Where Kis is typically 1 and Kig is typically 0.1 (as
you can see on the data-sheet).

6.4 Vertical DC reference

The average value of the vertical ramp at Pin 15 is
the half of V19, then with a resistive divider this DC
voltage can be used as reference for the vertical
booster as shown in Fig.12.

For a best noise immunity we suggest to filter Vg
with an electrolytic capacitor.

6.5 Linearity correction

The "S" correction is performed with the new con-
cept described in chapter 3.8.

The adjustment is obtained varying the DC voltage
at Pin 17 from 1.5 to 4.5V, then the resistor divider
(R3, P1 and R4) must be dimensioned for obtaining
this range of values.

In our application we have:

Ve g Ve
“Rs+Pa+Rs © Rs+P1+Ras
8 8
nle——38 Vizmin |=—— 8
Viemn 1= 39727+ 5.4 17min \= ey 47 4 02 22
= 0.447V —1.466V
12/16
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_ Vig

" Rs+Pi+Rs
_hs -
T 51+47+22

(P1+Ra)

V17max 69

=46V

The "S" correction is not performed when the volt-
age at Pin 17 is 1.5V, while it is maximum when the
Pin 17 voltage is 4.5V.

You can verify this using the following formula:

Vigpp = K1g (V17 - 1.5)

where Kig is typically 1.

If the CRT requires a higher "S" correction, it is
possible to obtain it reducing the value of Rap;
however take care that C1s in series with Rzg is a
high-pass filter with the purpose to cut only the Dc.
In our application we have:

’
~6.28 xR20 x C15

o 10°
T 6.28x150 x 1

=1.06 Hz

The "C" correction is obtained with a resistor in
series to a capacitor connected between Pin 15 and
the central point of the vertical DC feedback of
vertical booster (R1g and C1a4).

The value of Rig is strictly dependent on CRT used.

7. LAY-OUT SUGGESTIONS

It is necessary to take care not to connect the
horizontal output ground (Pin 6) directly to Pin 11,
to avoid horizontal interference on vertical stages.
The 15nF capacitors connected on Pins 10, 16 and
17 have the only aim to filter the DC control voltage
against horizontal noise, so they must be connected
as close as possible to the above mentioned pins.

8. ADJUSTING PROCEDURE

Here following it is shortly described the procedure
to adjust horizontal and vertical frequencies, verti-

cal amplitude, linearity and horizontal phase.
Before starting these operations take care that the
horizontal and vertical synchronization pulses are
properly applied to the device inputs.

8.1 Horizontal frequency

Adjust P4 in order to obtain V3 = V1; in this way the
horizontal synchronisation is perfect, and the pull-in
range is maximum in both directions.

8.2 Vertical frequency

Adjust the vertical ramp amplitude using Ps in order
to have 4Vpp; in this way the vertical frequency
value is in the middle of the synchronization range;
as shown in Fig.16.

Figure 16.

W)

Vosc
A

Vhigh T
6

Vo T

S N : >
: Ramp at Pin 13

Vertical Sync.

VI0TDA8102A-16

This operation is important because some internal
circuits are dimensioned for a 4vpp ramp.

8.3 Vertical amplitude and horizontal phase

Looking at the display correct P2 for the right vertical
amplitude and adjust P3 in order to have the correct
horizontal phase.

13/16
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8.4 Vertical linearity

If the vertical ramp at Pin 13 is correctly set the
central point of the "M" waveform at Pin 18 will be
at the center of the scan; in other case, using Ps,
lead the central point of "M" in correspondence of
the scan center (see Fig.17).

where : ts = scan time
tv = 1/fv = vertical period

Figure 17.

tsc = scan centre
tc = period centre

In this way the S linearity correction has a uniform
behaviour on the top and bottom sides of the CRT.
Now looking at the display, adjust P to obtain aright
S correction and select R1g value to optimise the C
correction.

av

GND

_ Ramp at
Pin 13

Vertical
Scan

. Yoke
: Current

. Waveform
© atPin18

VO0TDA8102A-17
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Figure 18 : Solder Side.
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Figure 20 : PCB Layout.
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9. COMPONENT LIST
Component Value Component Value Component Value ]
R1, R2, Ra3 3.3kQ Rzo 150kQ Cio 220pF / 25V
Ra 51kQ Ra1 62kQ2 Cni 2200pF / 16V
R4, Rm, R11, R25 22kQ R22 220kQ C12, 016 220nF
Rs, R7 39k Rz 56kQ Cia 10uF / 63V
Re, Rs 5.1kQ Ras 6.8kQ Cis 1uF
Rg 82Q / 2W Re7 100kQ Ci7 1.8nF
Ri2 10kQ R2s, Rag 2.2kQ Cio 2.2uF / 63V
Ria 120Q P4, P2, P3, Ps, Ps 47k hor. C20 22nF
Ria 1.5Q P4 47kQ ver. Ca1 220pF
Ris 1.5kQ Cy, Ce, Co 100nF D1 1N4001
Ris 10 Cp, C13 470uF / 16V IC L7812
Ri7 2.7kQ Cg, Ca, Cs, C1s 15nF IC2 TDA8102A
| Rig 1.2kQ Cr 1000yF / 25V ICa TDA8172
| R 33kQ Cs 100uF / 16V }
Ll Ly7 35 THOMEON
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I. INTRODUCTION

The TEA2260/61 is an integrated circuit able to
drive a bipolar transistor directly with an output
base current up to 1.2A.

So the TEA 2260/61 covers a wide range of appli-
cation from 80W to more than 200W with all safety
requirements respected.

The high performances of the regutation loop pro-
vide a very low output power due to an automatic
burst mode.

The TEA 2260/61 can be used in a MASTER
SLAVE STRUCTURE, in a PRIMARY REGULA-
TION or a SECONDARY REGULATION.

The TEA 2260/61 is very flexible and high perfor-
mance device with a very large applications field.
The only difference between TEA2260 and
TEA2261 concerns security functions (see para-
graph 11.8)

.1. MASTER SLAVE MODE (fig.1)

In this configuration the master circuit located on
the secondary side, generates PWM pulses used
for output voltage regulation. These pulses are sent
via a feedback transformer to the slave circuit
(Fig.1).

In this mode of operation, the falling edge of the
PWM Signal may be synchronized with an external
signal. By this way the switching off time of the
power transistor, which generates lot of parasites,
can be synchronized on the line flyback signal in
TV applications.

An other advantage of the MASTER SLAVE
STRUCTURE is to have a very good regulation not
depending of the coupling between transformer
primary and secondary windings, which allows the
use of low cost switch mode transformers.

Figure 1.
Sync. T
Pulses ‘ [\ /\
—
J PWM |
Signal { | |
SLAVE MASTER _ .
CIRCUIT CIRCUIT
Pulse
o
IR ] >
I 'J1 . A
. Base
%7 Current |
VO0TEA2260/61-01
2/34
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APPLICATION NOTE

1.2 BURST MODE (fig.2)

During start-up and stand-by phases, no regulation
pulses are provided by the master circuit to the
slave circuit.

The slave circuit operates in primary regulation
mode. When the output power is very low the burst
mode is automatically used.

Figure 2 : Burst Mode Operation.

This operating mode of the SMPS effectively pro-
vides a very low output power with a high efficiency.
The TEA2260/61 generates bursts with a period
varying as a function of the output power.
Thus the output power in burst mode can varied in
a wide range from 1W to more than 30W.

A

__ Burst Period

typ=30ms
1 ?

|
1
\

COLLECTOR CURRENT ENVELOP

| Period

! Switchin
- 9
\
|
|

DETAIL OF ONE BURST

VO0TEA2260/61-02

1.3. OPERATION OF MASTER SLAVE POWER
SUPPLY IN TV APPLICATION

The system architecture generally employed is de-
picted in Fig.3. On the secondary side a micro
controller is connected to the remote control re-
ceiver which generates control signal for the stand-
by and normal modes of operation (Fig.4).

e In stand-by mode, the device power consump-
tion is very low (few watts). The master circuit
does not send pulses and hence the slave circuit
works in primary regulation and burst mode.

IMIKCIRTOER BCTRONITS

e In the normal mode, the master circuit provides
the PWM signal required for regulation pur-
poses. This is called MASTER SLAVE MODE.
The master circuit can be simultaneously syn-
chronized with the line flyback signal.

o Power supply start-up. As soon as the Vcc(start)
threshold is reached, the slave circuit starts in
continuous mode and primary regulation as long
as the nominal output voltages are not reached.
After this start-up phase the microcontrolier
holds the TV Set in stand-by mode or either in
normal mode.

3/34
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System Description (waveforms).

Figure 4
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APPLICATION NOTE

1.4. SECONDARY REGULATION (fig.5, 6)

In this configuration the TEA2260/61 provides the
regulation through an optocoupler to ensure good
accuracy.

The advantage of this configuration is the avaibility
of a large range of output power variation (e.g 1W
to 110W).

Figure 5 : TV Application System Diagram.

This feature is due to the automatic burst mode
(see paragraph 11.6).

The structure in a TV Set is simpler than the
MASTER SLAVE STRUCTURE because the
power supply switches from normal mode to burst
mode automatically as a function of the output
power.
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APPLICATION NOTE

Figure 6 : System Description (waveforms).
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APPLICATION NOTE

1.5. PRIMARY REGULATION (fig.7) pends on the coupling between the transformer
In this configuration the TEA2260/61 provides the primary and secondary winding.

regulation through an auxilliary winding. Due to the automatic burst mode the output power
This structure is very simple but the accuracy de- can vary in a large range.

Figure 7 : TV Application System Diagram.
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APPLICATION NOTE

The circuit contains 8 blocks :

Voltage reference and internal Vcc generation.
RC oscillator

Error amplifier

Pulse width modulator (PWM)

"Is logic" for transformer demagnetization
checking.

Current limitation sub-unit (IMAX)

Logical block.

Output stage.

I.1. VOLTAGE REFERENCE AND INTERNAL
Vce GENERATION (fig.9)
This block generates a 2.5 V typ. voltage reference

Figure 9 :Voltage Reference Block Principle.

valid as soon as Vcc exceeds 4V. It is not directly
accessible externally but is transmitted to other
blocks of the circuit.

This block also generates an internal regulated
Vce, Veeny, the nominal value of which is 5V.
Vec(int) supplies the circuit when Vec is higher than
Veestary) (10.3V typ.).

This allows the circuit to achieve a good external
Vcc rejection, and to provide high performance
even with large Vcc supply voltage variations.
This block also generates initialization and control
signals for the logical block. It also contains the
Vcemax.) comparator (typ threshold 15.7V).

IFI
LoF
Vee
Vee max
Vee int Vee int 15.7v
Sv <] REGULATOR
Vref Q— '7
2.5V BAND GAP — RESET
VOLTAGE
IGNAL > RESET
REFERENCE GE?\ISRA':'-OR s
2.5V

Vee(off)

|

VIO0TEA2260/61-09

11.2. OSCILLATOR (fig 10,11)
The oscillator determines the switching frequency
in primary regulation mode. Two external compo-

Figure 10 : Operating Principle.

nents are required : a resistor Ro and a capacitor
Co. The osciliator generates a sawtooth signal,
which is available on pin 10.

Ro

Vee int (5V)
—2/3 Vcc int
Vref+Vd THRESHOLD /3 Ve in
Ich \‘ COMPARATOR [=— 1/3 Vce int
Vd = diode Idisch
threshold 10 2KQ
voltage

VO0TEA2260/61-10

10/34

IS7TR:

RIS RO LS TRON 1SS

58



APPLICATION NOTE

Co capacitor is charged with a constant current.
The current is fixed by Ro which is supplied by
voltage Vref.

L _25
Ch—Ro
When the voltage across Co reaches

Figure 11 : Sawtooth available accross Co.

% x Vcceint (typ 3.33V), Q Transistor conducts and

Cois quickly discharged into an 2kQ (typ) internal
resistor. When the voltage reaches 1/3 x Vcc-
int (typ 1.66V), the discharge is stopped, and the
linear charge starts again.

3.33V -—-

VI0TEA2260/61-11

Theoretical values of T,T1 and T2 as function of Ro
and Co :

T =Co (0.69 x Ro + 1380)

T1=Ro xCo x0.69

T2 =Co x 2000 x 0.69 = Co x 1380

Figure 12 : Frequency as a Function of Ro and Co.

Fo

Due to the time response of comparators and
normal spread on thresholds values, the real val-
ues of Ty and T2 may be slightly different, compared
with these theoretical values. (see following
curves).

T
It

100KHz 0.47nF !:H'!?

9

8 a
7
T
6 InF
5
4 1.5nF T
3
2.2nF
N
2 3.3nF N
4.7nF
1]
[
10KHZ
100 20K 3 4 6 7 89 100K 150K 2 3

Ra
VI0TEA2260/61-12

11/34

59
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11.3. ERROR AMPLIFIER (fig.13)

Itis made of an operational amplifier. The open loop
gain is typically 75dB. The unity gain frequency is
550kHz (typ). An internal protection limits the out-
put current (pin 7) at 2mA in case of shorted to
ground.

Output and inverting input are accessible thus
giving high flexibility in use. The non-inverting input
is not accessible and is internally connected to
VRer {or 0.9 VRer in burst mode - see paragraph
11.6)

Before driving the pulse width modulator (PWM)
and in order to get the appropriate phase, the error
amplifier is followed by an inverter.

Figure 14 .

Figure 13.

Vref o
€ ERROR SIGNAL

VI0TEA2260/61-13

IL4. PULSE WIDTH MODULATOR(PWM)(fig.14)

The pulse width modulator consists of a compara-
tor fed by the output signal of the error amplifier and
the oscillator output. Its output is used to generate
conduction signal.

€

error

sawtooth ——+
VAVAYAN

TON MAX VOLTAGE

SAWTOOTH (pin 10)

VI0TEA2260/61-14A

VO0TEA2260/61-14B

The TEA2260/61 actually integrates two PWM :

e A main PWM generates a regulation signal (<)
by comparing the error signal (inverted) and the
sawtooth.

e An auxiliary PWM generates a maximum duty
cycle conduction signal (B), by comparing the
sawtooth with an internal fixed voltage. Further-
more, during the starting phase of the SMPS, in
association with an external capacitor, this PWM
generates increasing duty cycle, thus allowing a
"soft" start-up.

e A logic "AND" between signals («<) and () pro-
vides the primary regulator output signal Ta.

12/34
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I1.5. SOFT START OPERATION (fig.16)

From t to t2, there is no output pulse (pin 14) and
C1is charged by a 180uA current (typically). When
C1 voltage reaches 1.5V (typically), output pulses
appear and the charge current of C1 is divided by
20 (9uA typically), then the duty cycle increases

Figure 16 : C1 Voltage (Pin 9).

progressively. When C+ voltage reaches 2.7V (typ-
ically), the soft-starting device ceases to limit the
duty cycle, which may reach 60%

Under established conditions C1 voltage is charged
to 3.1V (typically)

TON MAX

I 3.V

VOOTEA2260/61-16

11.6. BURST GENERATION IN STAND BY (pri-
mary regulation mode)

When the SMPS output power becomes very low,
the duty cycle of the switching transistor conduction
becomes also very low. In order to transmit a low
average power, while ensuring correct switching
conditions to the power transistor, a "burst” system
is used for energy transmission in stand by mode.

Principle :

For a medium output power (e.g. more than 10W),
the voltage reference is applied to the non- invert-
ing input of the error amplifier. When output power
decreases as the minimum conducting time of the
power transistor is reached, the output voltage
tends to increase. Consequently the error signal
applied to the PWM becomes higher than the saw-
tooth. This is detected by a special logic and the
voltage applied to the non inverting input becomes
Vref = 0.9 x 2.5 = 2.25V typically.

Consequently the regulation loop is in an overvolt-
age equivalent state and the output pulses disap-
pear. The output voltage decreases and when it
reaches a value near 0.9 times the normal regula-
tion value , the voltage applied to the non inverting
input is switched again to the normal value
VRer = 2.5V. Pulses applied to the power transistor
reappear, the output voltage increases again, and

Lyz $68

so on... A relaxation operation is obtained, gener-
ating the burst.

Futhermore, to avoid a current peak at the begin-
ning of each burst, the soft-start is used at this
instant.

Advantages of this method :

e improved power supply efficiency compared with
traditional systems, for low power transmission.

e automatic burst-mode continuous mode transi-
tion, as a function of the output power.

e high stand-by power range.

e burst frequency and duty cycle adjustable with
external components to the circuit.

1.7. 1S LOGIC (fig.17)

During the transition from the "stand-by" mode to
the "normal operating" mode, conduction pulses
generated by the secondary regulator occur con-
currently with those from the primary regulator.
These pulses are non-synchronous and this may
be dangerous for the switching transistor. For ex-
ample if the transistor is switched-on again during
the overvoltage phase, just after switching-off, the
FBSOA may not be respected and the transistor
damaged.

To solve this problem a special arrangement check-
ing the magnetization state of the power trans-
former is used.

13/34
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Figure 17 : IS Logic Principle Schematic.

Vee int (5V
| cc int (5V) TA PRIMARY REGULATION SIGNAL

]

Vee ext
0.9v—- s TB
— LOGIC
IS|1 ! ‘ —— + Is
150mV -

The aim of the IS Logic is therefore to monitor the When a conduction signal arrives, the correspond-
primary regulation pulses (TA) and the secondary ing flip-flop is set in order to inhibit a conduction
regulation pulses (pin 2), and to deliver a signal TB signal coming from the other regulation loop. Both
compatible with the power transistor safety require- flip-flops are reset by the negative edge of the
ments. signal applied to the demagnetization sensing input
The IS Logic block comprises mainly two D flip- (Is Pin 1).

flops.

Figure 18.
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VO0TEA2260/61-17

i
]

i=N
I

—

j""_l
r

VCE
VOLTAGE

IS INPUT
(PIN 1)

T
=
S S

IC
PRIMARY
CURRENT

AN
A—
—
A
I

I
I
AN I
N ]
> 1]

PRIMARY SECONDARY

REGULATION REGULATION
VO0TEA2260/61-18

Note :The demagnetization checking device just Stand-by mode to normal mode.

described is only active when there are concur- When the power supply is in primary regulation
rently primary and secondary pulses, which in prac- mode or in secondary regulation mode, the demag-
tice only occurs during the transient phase from netization checking function is not activated.

14/34
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11.8. SAFETY FUNCTIONS : Differences be-
tween TEA2260 and TEA2261

TEA2260 :

Concerning the safety functions, Vcc(max) (over-
voltage detection) VIM1, VIM2 (overcurrent detec-
tion) the TEA2260 uses an internal counter which
is incremented each time Vccstop is reached (after

Figure 19 : TEA2260 Safety Functions Flowchart.

fault detection) and try to restart. After 3 restarts
with fault detection the power supply stops. But in
certain cases where the TV set is supplied for a
long time, without swich off, the power supply could
stop (cases of tube flashes). In this case it is
necessary to switch off the TV set and swich on
again to reset the internal counter.
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VI0TEA2260/61-19

TEA2261:

The safety detections are similar to TEA2260 for
Vce(max) (overvoltage detection) VIM1, VIM2
(overcurrent detection), but each time a fault detec-
tion is operating the C2 capacitor is loaded step by

Ly7y SGS-THOMSON
VI GCR R RGOS

step up to 2.6V, (case of long duration fault detec-
tion) and the power supply stpos. To discharge C2
capacitor it is necessary to switch off the TV set and
to switch on again and the power supply starts up.

15/34
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Figure 20 : TEA2261 Safety Functions Flowchart.
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11.8.1. | MAX (power transistor current limita- Figure 21.

tion)

The current is measured by means of a resistor
inserted in the emitter of the power transistor. The
voltage obtained is applied on pin 3 of the
TEA2260/61.

The current limitation device of the TEA2260/61 is
a double threshold device. For the first threshold,
there is no difference between the two devices, only
for the second threshold.

POWER TRANSISTOR

VIO0TEA2260/61-21
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1.8.1.1. First threshold : VIM1 (typical value)

Figure 22 : Current Limitation Schematic Principle. First Threshold Part.

Logic part

 VCCint(5V)

limitotion 11

pulse by pulse

CHARGE CURRENT
tcH

TO LOGICAL BLOCK

VI0TEA2260/61-22

Two actions are carried out when the first threshold

is reached

e The power transistor is switched-off (pulse by
pulse limitation). A new conduction pulse is nec-
essary to switch-on again.

e The C2 capacitor, which is continuously dis-
charged by Idisch current (10uA typically), is
charged by the current
Ich - | disch (45pA - 10uA = 35uA typically), until
the next conduction pulse.

Figure 23 : Example of First Current Limitation Threshold Triggering.

Conduction pulse

wM? — - - - - - - - = = =
IMAX |
Voltage | | | I
(pin 3) 4 | t
| [ | | I
I |
Output current I |
(pin 14)
] | t
| IU

+35uA
C2 Copacitor
current
(pin 8) t
N-10uA

VO0TEA2260/61-23

The capacitor Cz is charged as long as an output
overload is triggering the first current limitation
threshold. When the voltage across C2 reaches the
threshold Vcz (typically 2.55V), output pulses
(pin 14) are inhibited and the SMPS is stopped.
Arestart may be obtained by decreasing Vcc under
the Vcco(stop) threshold to reset the IC.

Kyz $6S-THOMS

If the output overload disappears before the volt-
age across Cz reaches Vcz, the capacitor is dis-
charged and the power supply is not turned off.
Due to this feature, a transient output overload is
tolerated, depending on the value of C2 (see
I11.2.5).

17/34
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11.8.1.2. Second current limitation threshold
(VIM2) for TEA2260

In case of hard overload or short circuit, despite the
pulse by pulse current limitation operation, the
current in the power transistor continues to in-
crease. If the second threshold VIM2 is reached,
the power supply is immediately turned off and the
internal counter is incremented. After 3 restarts, the
power supply is definitively stopped.Restart is ob-
tained by decreasing Vcc below Vccstop), as in the
case of stopping due to the repetitive overload
protection triggering.

11.8.1.3. Second current limitation threshold
(VIM2) for TEA2261 )

For this device, if the second threshold is reached,
the power supply is turned off, C2 is charged and a
new start-up is authorized only if Vc2 < 2.6V.

11.8.2. LOGICAL BLOCK :

This block receives the safety signals coming from
different blocks and inhibits the conduction signals
when necessary.

11.8.2.1. Logical block for TEA2260

Figure 24 : TEA2260 Simplified Logical Block Diagram.

B R

I S B

VC2

vccm'i S 9

TC

R B
vee(off) counter

S Q
/3 R
Vee(reset) l
VO0TEA2260/61-24
TB is the conduction signal (primary or sec- These three signals Vcz, I2, VccMax,) are memo-
ondary)coming from the Is iogical rized by Bo.
block. In case of Bz flip-flop setting (l2 or V2 or VegMax,)
defect) the current consumption on Vcc increases.
TC is the conduction signal transmitted to This function allows to decrease the Vcc voltage
the output stage. until Vccystop). After this the current consumption on
Vee decreases to lcc(staty and a new start up is
I4 is the output signal of the first current lim-  enabled.

itation threshold comparator. It is
memorized by the flip-flop B1.

I2 is the output signal of the second current
limitation threshold comparator

Ve2 is the output signal of the comparator
checking the voltage across Co.

Vce(max.) is the signal coming from Ve
checking comparator.

18/34
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The Vccof) signal comes from the comparator
checking Vcc. A counter counts the number of
Vcc(offy establishment. After four attempted starts
of the power supply the output of the circuit is
inhibited. To reset the circuit it is necessary to
decrease Vcc below 5.5V typically. In practice this
means that the power supply has to be discon-
nected from the mains.
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11.8.2.2.Logical block for TEA2261

Figure 25.

f2
: S Q
Vec inax i

Ve ot * — AR Q '
i ‘

Te . s ol -

P
T VOOTEA2260/61-25

Vcc(off) is a signal coming from a comparator
checking Vcc. When Vcc > Vec(stop), Vee(off) is
high.

Vce(max) is a signal coming from a comparator
checking Vcc. When Ve > Vee(max),Vec(max) is
high.

l1 is a signal coming from the first current limitation
threshold comparator.

When Imax X RsHunt > VIM1, |1 is high.

I2 is a signal coming from the second current limi-
tation threshold comparator.

Figure 26.

When Imax x RsHunt > VIM2, 12 is high.

TB is the conduction signal coming from the error
ampliflier system.

TC is the output signal transmitted to the output
stage.

11.9. OUTPUT STAGE

The output stage is made of a push-puil configura-
tion : the upper transistor is used for power transis-
tor conduction and the lower transistor for power
transistor switch-off.

TC

power
tronsistor

RS

VO0TEA2260/61-26

A capacitive coupling is recommanded in order to provide a sufficient negative base current through the

power transistor .

ﬂ SGS-THOMSON
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Figure 27 : Typical Voltage Drops of Output Transistor versus Current.

()
voltage
drop

T
T2

power transistor
collector current

I
I
I
i
|
I
i
i
i

3 (A)

VO0TEA2260/61-27

Important remark : Due to the internal output
stage structure, the output voltage (Pin 14) must
never exceed 5V. This condition is respected when
a bipolar transistor is driven.

Note that Power-MOS transistor drive is not possi-
ble with the TEA2260/61.

Iii. TV APPLICATION 120W - 220 VAC - 16 kHZ
SYNCHRONIZED ON HORIZONTAL DEFLEC-
TION FREQUENCY

General structure and operational features of this
power supply were outlined in section |.

The details covered below apply to a power supply
application using the master circuit TEA5170.
(refer to TEA5170 data sheet and TEA5170 appli-
cation note "AN088" for further details).

I1i.1. CHARACTERISTICS OF APPLICATION

e Discontinuous mode Flyback SMPS

e Standby function using the burst mode of
TEA2260/61

o Switching Frequency
- Normal mode : 15.625 kHz (synchronized on
- horizontal deflection frequency)
- Standby mode : about 16 kHz

e Nominal mains voltage : 220 VAC

o Mains voltage range : 170 VAC to 270 VAC

o Nominal output power : 120W

e Output power range in normal mode
14W < Po < 120W

e Output power range in standby mode
1W < Po < 25W

o Efficiency

- Normal mode : 85% (under nominal conditions)

- Stand by mode : 45%

e Regulation performance on high voltage output
1140 VDC
- + 0.3% versus mains variations of 170 VAC to

20/34
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270 VAC (Pout : 120W)
-+ 0.5% versus load variations of 14W'to 120W
(Vin =220 VAC)
e Overload protection and complete shut down
after a predetermined time interval.
e Short circuit protection.
e Open load protection by output overvoltage de-
tection
e Complete power supply shut-down after 3 re-
starts resulting in the detection of a fault condi-
tion for TEA2260.
e Complete power supply shut-down when Vea
reaches 2.6V for TEA2261.

lll.2. CALCULATION OF EXTERNAL COMPO-
NENTS

Also refer to TEA5170 application note
"AN408/0591" for calculation methods applicable
to other power supply components.

The external components to TEA2260/61 deter-
mine the following parameters :

e Operating Frequency in primary regulation

e Minimum conduction time in primary regulation
e Soft start duration

e overload duration

e Error amplifier gain and stand-by output voltage
e Base drive of the switching transistor

e Primary current limitation

Ideal values :

e Free running Frequency in stand-by mode :
16kHz

Ton(min) duration : 1us

Soft start duration : 30ms

Maximum overload duration : 40ms

Error amplifier Gain : 15

Maximum primary current depends on the trans-
former specifications




APPLICATION NOTE

111.2.1. Transformer calculation

The following important features must be consid-

ered to calculate the specifications of the trans-

former :

o Maximum output power : 120W

e Minimum input voltage :

e 220 VAC - 20% — Vin(min) = 210 VDC with 40V
ripple on the high voltage filtering capacitor

Figure 28.

e Switching Frequency : 15.625kHz
o Maximum duty cycle : 0.45
e Output voltages :

+ 140V - 0.6A

+14V - 0.5A

+25V-1A

+7.5V-0.6A

+13V-0.3A

Vo
Vout
Pout

Vin f

VO0TEA2260/61-28A

lomoxf == =g =~ === === 7’ -
— t

VI0TEA2260/61-28B

Maximum primary current
Pour

tP(max) = 2 X T
N X Vingminy X T

n : efficiency of the power supply 0.80 <11 <0.85

Primary inductance of the transformer
LP _ VIN(mln)

= X TON(max)
'P(max)

Transformer ratio
ns _ (Vout +Vb) X Tom
NP ViNminy X TON(max)

IR IR

‘ﬂ SGS-THOMSON

FETRONIGS

Reflected voltage
1
VR = — X VIN(min)

ToNmax)
Overvoltage due to the leakage inductance

Ip(max L¢
Vpeak = o) y =

2 o]
with : Lf = leakage inductance of the transformer
0.04xLp<Lf<010xLp
C = capacitor of the snubber network (see 111.2.2.2)

21/34
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Numerical application

To determine the spegifications of the transformer, _

it is necessary to make a compromise between a
maximum primary current and a maximum voltage
on the transistor :

e To minimize the maximum primary current -

mm04<I9$Eﬁ<as

e To minimize the maximum voltage on the tran-
sistor during the demagnetization phase.

0.3 <1°N$a—*’ <0.4

When the output power of the power supply is
greater than 100W it is better to minimize the

2 x Pour _ 2x120 _
Tonmaxy 0.85x210x 0.45
T

Ipmax) = 3A

N X VINMIN) X

= Vi o =219 ¢ 0.45 x 64 107 = 1.95mH
lpvax) 3

1
Va= T—X VIN(MIN) = 1 iy

mhee
Tonmax) 0.45

x 210 =172V

Vpeak will be calculated with the snubber network
determination (see 11.2.2.2.1)

1l.2.1.1 Transformer specification
o Reference : OREGA - SMT5 - G4467-03
e Mechanical Data :

; ; ; - Ferrite : B50
maximum primary current because the current gain .
Bt = Ic / Ig of bipolar transistor is 1.5 < Bi < 6 -2 cores : 53 x 18 x 18 (mm) THOMSON-LCC
ToNmax - Airgap : 1.7 mm
Choice : Ty < 0.45 o Electrical Data :
Figure 29.
{3 w13 Winding Pin Inductance
120 ne 3-6 1.95pH
}Sﬂ NAUX 7-9 8.1uH
AR n2 19-13 770uH
n3 19-20 8.2uH
n4 14-17 4.2uH
n5 22-21 31.7uH
VOOTEA2260/61-29
22/34
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11l.2.2. Switching transistor and its base drive

111.2.2.1. First current limitation
Note : in current limitation TIBon < Ton

Figure 30 : Current Limitation.

Vpin2

=— TON

— -

 VshunT

VO0TEA2260/61-30A

VI90TEA2260/61-30C

VO0TEA2260/61-30B

The current measurement is Ie =-Ig + Ic

The maximum collector current calculated in 111.2.1
is lo(Max.) = 3A (a switching transistor SGSF344
may be chosen)

The current gain is: Bt = ! =35

1C

I+

The current limitation is :

VIN(min)
Lp

with : Ts = storage time of the switching transistor

(typ 3us) and VIM1 = first threshold of current

measurement (typ 0.6 v)

Vimi

lE(max)

lE(max) = |P(max) —(Tsx )+ I+

RsHunTt =

Numerical application

VIN(min)
lE(max) = lpmax) — (Ts X T(P—) + I+

lEmax =3 - (3 1078 X*“Loig)JrOBS: 3.52A
1.95 10

iﬁ SGS-THOMSON

Vim1 0.6
R - ML _ 22 _0.169Q
SHUNT Emax) . 3.52 0.169

111.2.2.2 Snubber network

A R.D.C network is used to limit the overvoltage on
the transistor during the switching off time.

When the transistor is switched off, the capacitor is
charged directly through the diode.

When the transistor is switched on, the capacitor is
discharged through a resistor.

Ip(max) X tf
VCEo

2 3

e 3xRxC-= Ton(min)
(to discharge the
the capacitor C by
the correct amount)

o Maximum power
dissipated in R :

1
P—2

e C=

x C x (ViNgmax) + VR) 2xF

23/34
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Figure 31. .

T L
I é

|
=

VOOTEA2260/61-31A

Ip max

VO0TEA2260/61-31B

Numerical application (with SGSF 344 transis-
tor) with :

Ip(Max.) = 3A - ViN(Max) = 370 VDC

tr= 0.3us - Vg = 172V

Vceo = 600V - F = 16kHz

TonMin) = 4us

lpna Xt 3x0.3 1078

C= , VCEo ™, 600 =2.25nF
3 3
ToNmin 4 107
R= = = 560Q
3xC  3x225 107°

=2 X C x Vingman + Vi 2 X F

=% X 2.25.10° x (370 + 172)% x 16.10°= 5.20W

In the final application a value of 2.7nF is chosen

to decrease the overvoltage on the transistor in
short circuit condition.

Figure 32.

111.2.2.2.1 Overvoltage due to the leakage in-
ductance

(See. lll.2.1)

The capacitor C of the snubber network influences
the overvoltage due to the leakage inductance.

Vpeak = Ic(max) Ls
al fz C

Numerical application
with : Lf=0.08 x Lp = 0.08 x 1.9 10 % = 152uH

6
3x \ 152 10° _ 39qv

2 2.25 10°
80 VcEMax.) = VINMax.) + VR + Vpeak =
VCEMax) = 370 + 172 + 390 = 930V

Vpeak

111.2.2.3. Base drive

The output stage of the TEA2260/61 works in
saturation mode and hence the internal power
dissipation is very low.

VO0TEE2260/61-32A

1B
~_~ﬁ - IB*
i —{ {
gt YCC ZVp—Vz-VBE
R1
V90TEE2260/61-328

£ SGS-THOMSON
Y/ iCRORLUECTRONIES




APPLICATION NOTE

Vee+ - Vp— Vz - Vee
R1=
g+

Numerical application
_13-09-3-106 _

in this case the current gain,

F= :—E: &: 3.5 but it is recommanded to
verify the Vce sat dynamic behaviour on the tran-
sistor as follows:

Ry=—2—=2= 92 Y0 450
! 0.85
Figure 33.
r——=—=—1
1 !
y g O DC
i POWER
| SUPPLY
t
I
I
I o
ER SHUNT
’ OSCILLOSCOPE
lc VO0TEA2260/61-33A
t
Ideal value: 1V < VCEsat + Vp <2V
Vm
4v
Veesar +Vo
——- t
VI0TEA2260/61-33B

Remark :The mains of the TEA2260/61 must be
provided through an isolation transformer for this
measurement

11.2.3. Oscillator frequency
The free running frequency is given on il.2.

£ SGS-THOMSON
YA RiChos meTROMES

The typical value of minimum conduction time
Tonwmin,) on the output of the TEA2260/61 is given
by: Tonin,) = 1040 x Co

Note : the minimum conduction time TonMin) on
the transistor is longer due to the storage time.

25/34
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Figure 34.

Vpin10

e

|
I
|
!
I8 o
i
|

TON MIN
ON TEA2260

!
o
-
|
|
|

e

STORAGE
- TIME
TON MIN

le—on THE

TRANSISTOR

.

R

N

VO0TEA2260/61-34

Numerical application
Fo = 16kHz
Cois chosen at 1nF
so Ton min on the TEA2260/61 = 1us
-_— 1 — . 3
Ro= g xCoxoee 7 10
Ro= 3 1 9
- 16 10°x1 107 x0.66
Ro = 93kQ
Ro = 100kQ is chosen.

~157-10°

Note : Fo is chosen relatively low to avoid magne-
tization of the transformer during the start-up
phase.

11.2.4. Regulation loop
In stand by mode the error amplifier of the
TEA2260/61 carries out the regulation.

Figure 35.

VI90TEA2260/61-35
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e The R.C. filter is necessary to avoid the peak
voltage due to the leakage inductance. The time
constantt = RC is about 30us < R.C. <150us as
a function of the transformer technology.

e To achieve a stable behaviour of the regulation
loop and to decrease the ripple on the output
voltage in stand by mode the time constant
should be approximately :

(R1+ R2+ R3yxC= ROU+5COUT

with : Cour (filtering output capacitor) and Rout

(load resistor on the output in stand by mode)

e To ensure a stable behaviour in stand-by mode
the amplifier gain is choosen to :

R4
" R2+Rs” 15

Calculation of R, R4, R2, R3, Rs

a) The resistor R is given by
T
R= C
C choosen between 1uF < C < 10uF
T =80us is chosen
C =2.2uF is chosen

Numerical application
-6
SoR- [ 8010°

c~ 2.210*'369
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b) The resistors Ri, Rz,

C x R
Ri+ Ro+ Ra= AQ%XT;O—LE

Rs are given by

with :

VRer : reference voltage of the error amplifier
VRer = 2.5V

Vee(stand-by) : Vee voltage in stand by mode.
Vec(stand-by) = 0.9 x Ve (in normal mode)

Numerical application

with :
Vce = 13V
VRerF = 2.5V

Rout = 2kQ on output 135V
Cour = 100uF on output 135V

C=22uF
R1+ Rz + RSE%
6 3
- Nenzarn® ~%°
R2+ R3= (R1+ Rz2+ Rgx #‘;dey)
Rz+Rs= 6-10°x @2%:1.281@

values choosen :

R2 potentiometer resistor of 1kQ

R3 fixed resistor 1kQ

Rt = (R1+ R2 + R3) - (Rz+ R3)

R1 =6k- 1.28k = 4.7kQ

c) The resistor R4 is given by Ra= 15x (R2 + Rs)

Numerical application
Ra= 15x (R2+ Ra)= 15 x (1.28 10%) = 18kQ

1.2.5. Overload capacitor

When an overload is detected with the first thresh-
old VIM1 the capacitor C2 (pin 8) is charged until
the end of the period as shown in figure 36.

So the average load current is given by :

T- Ton
lc2 = — X lcH — IpiscH

the threshold to cut off the TEA2260/61 power
supply is 2.5V typically and hence the delay time
before overload detection is given by :

2.5xCo

T-T
(#ON x lcH) = lpiscH

Toverload =

Figure 36 : Load of Overload Capacitor.

Ly7 $6S-THOMSON

C S+ 35uA

--—10uA

VO0TEA2260/61-36

Numerical application

with : maximum overload time = 40ms
the longer delay time is obtained when
Ton = ToNMax.)

_ T - ToNMax,) Toverload
Co=(— 5 X lcH) — lbiscH) X 55
. -3
C2= (055 x 45 x10%- 10 x10® 40197 5ognF

25

Note : in practice, the overload capacitor value
must be greater than the soft start capacitor
(C2 = Cs) to ensure a correct start up phase of the
power supply.

11l.2.6 Soft start capacitor
Refer to paragraph 1.5 for the soft start function

explanation.
The soft start duration is given by :
(2.7 -1.5) x Cq
TSOFTSTART = " — —"——
9-10

C1=7.5-10% x TsoFT sTART

Numerical application
with : Tsoft start = 30ms
C1=7510%x 3010 = 220nF

111.2.7. Feed back voltage transformer

A feedback voltage transformer is used to send
information from the secondary circuit (master cir-
cuit) to the primary circuit (slave circuit).

This transformer is needed to provide an electric
insulation between primary and secondary side.

27/34
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Figure 37.

Vin Lp

VI0TEA2260/61-37

The feedback input of TEA2260/61 is fed with logic
level (threshold 0.9V)

It is necessary to have the same waveform on the
primary side as on the secondary side.

For this reason the time constant must be higher
than the maximum conduction time in normal
mode.

Hence the primary inductance Lp must be calcu-
lated as follows :

Lp > 3.R.TonMax.)

Numerical application
with :

ToNMax) =
R =270Q
Lp>3x 270 x 28 10 = 22mH

28us

a) When the TEA5170 is used VIN = 7V

ns _ Vs(miny

B TON(max)
T

= 0.389

ViNXx (1 -
ns 1.5

np 7x(1- 045

)

b) When the TEA 2028 is used VIN = 12V
ns 1.5

np: 12x(1- 045)— 0.227

Note : The R1.C1 filter is used to damp oscillation
on the secondary side of the feedback transformer.
The time constant Ry x C1 = 0.1us.

111.2.8. Start up resistor

After switching on the power supply the filtering
capacitor on Vcc of TEA2260/61 is charged
through a resistor connected to the mains input
voltage. Do not connect this resistor to the high
voltage filtering capacitor because there is enough
energy in this capacitor to cause three attempted

28/34
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restarts and to cut off the TEA2260/61 on fault
detection when the power supply is switched off.
Hence it is recommended to connect the start-up
resistor as follows:

Figure 38.
lmoy
Rst
START UP RESISTOR
lcc start

o
Vin AC TEA2260/61
b ]

VO0TEA2260/61-38

Start-up delay time

(2 X VIN AC(min)

Imoy =
nt X RsT

Start-up delay time = Tst = _ VoosaRr
, Imov — Icc sTART
\/_2 X VIN AC(min)

tSl—
\Y R
[(C CC STAl

+ 1
TsT )+ lccsTarT
Power dissipated in start-up resistor

ViN AC(max)2

P= 2 . Rst

‘Numerical application

with :
start-up delay time = 1s
ViN(max) = 370V DC (VIN AC(max) =
VIN AC(min) = 175V
VCCstan =10.3V
lccstart = 0.7mA
C = 220pF
oT= 2x175 — = 26kQ
nx (220 107 x10.3+ 0.7 10
Value choosen = 22kQ

265V)

Power dissipated
_ (2657 _

1.6W
2x22 10°
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111.2.9. Determination of high voltage filtering capacitor

Figure 39.
c . |EQUIVALENT
S Vin o Loap
Vin AC
o
VO0TEA2260/61-39A
Vin
! I -
Ly \ T
&(c) \\ // ! v \\‘\\\
> \ \ T~
\ / \ \\\\

‘|l | \\ =~ 1

+ |

——t

p— T/4+t —= '

T -

]
VI0TEA2260/61-39A

Hypothesis : Numerical application

AV : ripple on the filtering voltage

VIN.Ac(min) : minimal value of A.C. input voltage
T : period of the mains voltage

Pout : output power of the power supply

7 : efficiency of the power supply

T . AV
~+ ArcSin(1 - ———=
e T .2 !~ Vv acqmin X2  Pour
21 AV X VIN AC(min) X V2 n

AV =40V
VIN AG(min) = 170 VAC
T =20ms
Pout = 120W
n=0.85
T . 40
.- 20102 27 ArcS|n(1—250) xl@~115uF
2n 40x 250 0.85

value choosen : C = 120uF
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IV. TV APPLICATION 140W - 220 VAC - 32kHZ
SYNCHRONIZABLE

All details concerning the determination of external
components are described in section Ill.

IV.1. APPLICATION CHARACTERISTICS.
e Discontinuous mode flyback SMPS

e Stand-by function using the burst mode of
TEA2260.

Switching frequency in burst mode : 16kHz
Switching frequency in normal mode : 32kHz
Nominal mains voltage : 220 VAC

Mains voltage range : 170 VAC to 270 VAC

Output power range in normal mode
25W < Po < 140W

Output power range in stand-by mode
2W < Po < 45W

Efficiency at full load > 80%

Efficiency in stand-by mode (Po = 7W) > 50%
Short circuit protection

Long duration overload protection

Complete shut down after 3 restarts with fault
detection for TEA2260

o Complete shut down when V2 reaches 2.6V for
TEA2261

Load regulation (VDC = 310V)
Output 135V (+ 0.18%) — (l135 :
los = 1A)

Output 25V (£ 2%) — (l135:0.8A; I25 = 0.5A to 1A)

0.01A to 0.8A;

Line regulation (1135 : 0.8A; Iz>s : 1A)
Output 135V (+ 0.13%)— (210V < VDC < 370V)
Output 25V (+ 0.17%)

IV.2. TRANSFORMER CHARACTERISTICS
e Reference : OREGA.SMT5. G4576-03

e Electrical Data :

Figure 41.

VO0TEA2260/61-41

[7'1- SGS-THOMSON

Winding Pin Inductance

Np 3-6 790pH o
Naux 7-9 5.4uH

n2 19-13 338uH o
n3 19-20 4.8uH

n4 14-17 3.4uH 4‘
n5 22-21 13uH
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APPLICATION NOTE

V. TV APPLICATION 110W -220 VAC - 40kHz
REGULATED WITH OPTOCOUPLER

This application works in asynchronous mode. The
regulation characteristics are very attractive (out-
put power variation range from 1W to 110W due to
automatic burst mode (see 11.6). In this configura-
tion higher is the regulation loop gain, lower is the
output voltage ripple in burst mode (e.g. ouput
voltage ripple 0.8% with a loop gain of 15).

V.1. FREQUENCY SOFT START

The nominal switching frequency is 40kHz but dur-
ing the start-up phase the switching frequency is
shifted to 10kHz in order to avoid the magnetization
of the transformer.

Otherwise the second current limitation will be
reached at high input voltage and hence the power

Line regulation (1135: 0.6A; I25: 1A)
Output 135V (+ 0.30%) — (210V < VDC <, 370V)

Output 25V (+ 0.30%)

Influence of the audio output on the video out-

put

Output 135V (= 0.1%) —(l135 = 0.6A; 25 : 0 »1A)
Output 135V (£ 0.05%) —(1135 = 0.3A; 25 : 0 —»1A)

V.3. TRANSFORMER SPECIFICATION
o Reference : OREGA.SMT5. G4576-02

e Mechanical Data :
- Ferrite : B50

-2 cores : 53 x 18 x 18 (mm) THOMSON LCC

e Electrical Data :

supply will not start. Figure 43.
V.2. APPLICATION CHARACTERISTICS
e Discontinous mode Flyback SMPS
e Switching frequency : 40kHz
o Nominal mains voltage : 220 VAC
e Mains voltage range : 170 VAC to 220 VAC
e Output power in normal mode
30W<Po<110W
e Output power in burst mode : 1TW < Po < 30W.
The transient phase between normal mode and
burst mode is determinated automatically as a
function of the output power. Hence the regula-
tion of the output voltage is effective for an output
power variation of 1W < Po < 110W
o Efficiency as full load > 80% VO0TEA2260/61-43
o Efficiency in burst mode (Po = 8W) > 50%
e Short circuit protection Winding Pin Inductance
e Open load protection
e Long duration overload protection I 36 | 790uH
e Complete shutdown after 3 restarts with fault Naux 7-9 5.4uH
detection for TEA2260
o Complete shut down when Vc2 reaches 2.6V for n2 19-13 338uH
TEA2261 —
n3 19-20 4.8uH
Load regulation (VDC = 310V) n4 1417 3.4pH
Output 135V (+ 0.15%) — (l135 : 0.05A to 0.6A; L —
l2s = 1A) n5 22-21 13uH
Output 25V (£ 2.5%) —(l135 = 0.6A; I25 : 0.25t0 1A)
33/34
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TEA5101A - RGB HIGH VOLTAGE VIDEO AMPLIFLIER
BASIC OPERATION AND APPLICATIONS

By: Ch. MATHELET
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APPLICATION NOTE

The aim of this Application Note is to describe the
basic operation of the TEA5101A video amplifier
and to provide the user with basic hints for the best
utilization of the device and the realisation of high
performance applications. Application examples
are also provided to assist the designer in the
maximum exploitation of the circuit.

GENERAL

The control of state-of-the-art color cathode ray
tubes requires high performance video amplifiers
which must satisfy both tube and video processor
characteristics.

When considering tube characteristics (see fig 13-
14 on page 14),we note that a 130V cutoff voltage
is necessary to ensure a 5mA peak current.How-
ever 150V is a more appropriate value if the satu-
ration effect of the amplifier is to be taken into
account. As the dispersion range of the three guns
is + 12%, the cutoff voltage should be adjustable
from 130V to 170V. The G2 voltage, from 700 to
1500V allows overall adjustment of the cutoff volt-
age for similar tube types.

A 200V supply voltage of the video amplifier is
necessary to achieve a correct blanking operation.
In addition, the video amplifier should have an
output saturation voltage drop lower than 15V, as
a drive voltage of 130V (resp. 115V) is necessary
to obtain a beam current of 4 mA for a gun which
has a cutoff point of 170V (resp. 130V).

Note : For all the calculations discussed above, the
G1 voltage is assumed to be OV.

The video processor characteristics must also be
considered. As it generally delivers an output volt-
age of 2 to 3V, the video amplifier must provide a
closed loop DC gain of approximately 40.

The video amplifier dynamic performances must
also meet the requirements of good definition even
with RGB input signals (teletext,home computer...),
e.g. Imm resolution on a 54cm CRT width scanned
~in 52us. Consequently, a slew rate better than
2000V/us, i.e. rise and fall times lower than 50ns,
is needed. In addition, transition times must be the
same for the three channels so as to avoid coloured
transitions when displaying white characters. The
bandwidth of a video amplifier satisfying all these
requirements must be at least 7MHz for high level
signals and 10MHz for small signals.

One major feature of a video amplifier is its capa-
bility to monitor the beam current of the tube. This
function is necessary with modern video proces-
sors:
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o for automatic adjustment of cutoff and also,
where required,video gain in order to improve
the long term performances by compensation
for aging effects through the life of the CRT.
This adjustment can be done either sequen-
tially (gun after gun) or in a parallel mode.

e for limiting the average beam current

A video amplifier must also be flashover protected
and provide high crosstalk performances. Cross-
talk effects are mainly caused by parasitic capaci-
tors and thus increase with the signal frequency. A
crosstalk level of -20dB at 5MHz is generally ac-
ceptable.

Table 1 summarizes the main features of a high
performance video amplifier.

The SGS-THOMSON Microelectronics TEA5101A
is a high performance and large bandwidth 3 chan-
nel video amplifier which fulfills all the criteria dis-
cussed above. Designed in a 250V DMOS bipolar
technology, it operates with a 200V power supply
and can deliver 100V peak-to-peak output signals
with rise and fall times equal to 50ns.

The 5101A features a large signal bandwidth of
8MHz, which can be extended to 10MHz for small
signals (50 Vpp).

Each channel incorporates a PMOS transistor to
monitor the beam current. The circuit provides
internal protection against electrostatic discharges
and high voltage CRT discharges.

The best utilization of the TEA 5101A high perfor-
mance features such as dynamic characteristics,
crosstalk,or flashover protection requires opti-
mized application implementation. This aspect will
be discussed in the fourth part of this document.

Table 1:  Main features of a high performance
video ampilifier.

Maximum Supply Voltage 220V
Output voltage swing "Average” 100V
Output voltage swing "Peak” 130V
Low level saturation (refered to VG1) 15V
Closed loop gain 40
Transition time 50ns
Large signal bandwidth 7MHz
Small signal bandwidth 10MHz
Beam current monitoring
Flash over protection
Crosstalk at 5 MHz -20dB

r SGS-THOMSON
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APPLICATION NOTE

I - DESCRIPTION

The complete schematic diagram of one channel of the TEA5101A is shown in fig 1.

Figure 1.
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1.1 INPUT STAGE

The differential input stage consists of the transistor
T4+ and T2 and the resistors R4,Rs and Re.

This stage is biased by a voltage source T3,R1,Rz2
and Ra.

Ve(T)=(1+ 2—2) X Ve(Ta) = 3.8V

Each amplifier is biased by a separate voltage
source in order to reduce internal crosstalk. The
load of the input stage is composed of the transistor
T4 (cascode configuration) and the resistor R7. The

57 SGS-THOMSON

cascode configuration has been chosen so as to
reduce the Miller input capacitance. The voltage
gain of the input stage is fixed by Rz and the emitter
degeneration resistors Rs,Re,and the T1, Tz internal
emitter resistances. The voltage gain is approxi-
mately 50dB.

Using a bipolar transistor T4 and a polysilicon re-
sistor R7 gives rise to a very low parasitic capaci-
tance at the output of this stage (about 1.5pF).
Hence the rise and fall times are about 50ns for a
100V peak-to-peak signal (between 50V and
150V).

3/23
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APPLICATION NOTE

1.2 OUTPUT STAGE

The output stage is a quasi-complementary class
B push-pull stage. This design ensures a symetrical
load of the first stage for both rising and falling
signals. The positive output stage is made of the
DMOS transistor Ts,and the negative output stage
is made of the transistors PMOS Tg and DMOS T7.
The compound configuration Te-T7 is equivalent to
a single PMOS. A single PMOS transistor capable
of sinking the total current would have been too
large.

By virtue of the symetrical drive properties of the
output stage the rise ahd fall times are equal (50ns
for 100V DC output voltage).

1.3 BEAM CURRENT MONITORING

This function is performed by the PMOS transistor
Tsg in source follower configuration. The voltage on
the source (cathode output) follows the gate volt-
age (feedback output). The beam current is ab-
sorbed via Tg . On the drain of Tg, this current will
be monitored by the videoprocessor.

1.4 PROTECTION CIRCUITS

1.4.1. MOS protection

Four zener diodes DZ(1-4) are connected between
gate and source of each MOS in order to prevent
the voltage from reaching the breakdown volt-
age.Hence the Vgs voltage is internally limited to
+ 15V.

1.4.2. Protection against electrostatic dis-
charges

All the input/output pins of the TEA5101A are pro-
tected by the diodes D1-D7 which limit the overvolt-
age due to ESD.

1.4.3. Flashover protection

A high voltage and high current diode Ds is con-
nected between each output and the high voltage
power supply. During a flash, most of the current is
generally absorbed by the spark gap connected to
the CRT socket. The remaining current is absorbed
by the high voltage decoupling capacitor through
the diode Ds. Hence the cathode voltage is
clamped to the supply voltage and the output volt-
age does not exceed this value.
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Il - FUNCTIONAL DESCRIPTION

The schematic diagram of one TEA5101A channel
with its associated external components is shown
in fig.2

Il.1 VOLTAGE AMPLIFIER

11.1.1. Bias conditions Vin = Vres

The bias point is fixed by the feedback resistor
Rtthe bias resistor Rp, and by the internal refer-
ence voltage when Vin = Viet.

If Vo is the output \)oltage (pin 9) :
R .
Vo= (1+5) X Veer 1)
p

In this state T1 and T2 are conducting. A current
flows in R7 and T4 soTs is on. The Ts drain current
is fed to the amplifier input through the feedback
resistor. The currentin R7 is:

Vob - Vo - Vas(Ts) . Voo - Vo

I(R7, = R7 Rz
and the current in Ts and Rr is :

_ Vo ~ Vret - YQ
I(Tsy = RS R

Thus the total current absorbed by each channel of
the TEA5101Ais :
Vop 1

1
R, +VOX(Rf_ R7)

The cathode (pin 7) output voltage is:
Vo + Vas(Te) = Vo

The beam current is absorbed by Tg and Rm. The
voltage developed across Rm by this current is fed
to the videoprocessor in order to monitor the beam
current.

11.1.2. Dynamic operation

The TEA5101Aoperates as a closed loop amplifier,
with its voltage gain fixed by the resistors Rt and
Re.

Since the open loop gain Ais not infinite, the resistor
Rp and the input impedance Rin must be consid-
ered.Hence the voltage gain is

R
G=-1'x ! @)
Re 1R
A" TR,/ Re / Rin
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Figure 2.
Ry c
YW t 1}
!
g) feedback
output
)
|
!
Vop |
& |
R7{|aok Dz, & Dg :
Tg Ie 71 W —
or, 0 R A ]
z ! 13
L2 R103 I LT
L I :I 20K T8 K Dg } |
0.8k| IR |
Te 9 D7 | 4
I CRT
T7 | - -
Rg]]1x %o, R to
m video processor
-— ;
Vee I) T4
@ K
g R oo
' Re Vref
mpulo—/WV\——E}‘————t Ty 350 350 T2
3 Cc
(4 Rs Re Ro[|ex 3pF
R § : 3
P -
bPY ¥ R4[]3500
Rz} 1.5¢
{8 e
GND 4
VO0TEA5101A-02

{1.1.2.1. Input voltage Vin < Vrer (black picture)

In this case the current flowing in R7 and T1 de-
creases whilst the collector voltage of T4 and the
output voltage both increase. In the extreme case,
I(T1) = I(R7) = 0 and Vo= Vpp-Vas(Ts)

In order to charge the tube capacitor the voltage is

fed to the cathode output in two ways:

e through the PMOS (with a VGS difference) for
the low frequency part

e through the capacitor C for the high frequency
part (output signal leading edge)

To correctly transmit the rising edge, the value of

the capacitor C must be high compared to Cy.

With the current values used (C = 1nF,CL = 10pF),

‘7_1 SGS-THOMSON

the attenuation is very small (0.99)

I1.1.2.2. Input voltage Vin > Vret (White picture)

In this case,the currentin R7 and T+ increases with

an accompanying drop of T4’s collector voltage until

T1 and T4 are saturated. At this point:

Vo = Ve(Ta) =Vee

During a high to low transition (i.e. black-white

picture), the beam current is absorbed in two ways:

e through the capacitor C and the compound
PMOS Te-T7 for the high frequency part (fall-
ing edge)

e through the PMOS Tg and the resistor Rm for
the low frequency part.

5/23

MICROELECTRONICS

87



APPLICATION NOTE

1.2 BEAM CURRENT MONITORING

11.2.1. Stationary state

The beam current monitoring is performed by the
PMOS Tg and the resistor Rm. When measuring low
currents (leakage, quasi cutoff),the Rm value is
generally high. When measuring high currents
(drive, average or peak beam current),Rm is gen-
erally bypassed by a lower impedance.

It should be noted that the current supplied by the
three guns flows through this resistor.Hence,with
too large a value for the resistor Rm,the cathode
voltage of the tubes will become too high for the
required operating current values.This is a funda-
mental difference between the TEA5101A and dis-
crete video amps. In discrete video amps, the
current monitoring transistor is a high voltage PNP
bipolar which may saturate. In this case the beam
current can flow through the transistor base and it
is no longer monitored by the video processor. This

Figure 3.

effect does not occur with the TEA 5101A.

11.2.2, Transient phase : low current measure-
ments

The cut-off adjustment sequence is generally as
follows:

In a first step, the cathode is set to a high voltage
(180V) in order to blank the CRT and to measure
the leakage current. In a second step, the tube is
slighly switched on to measure a very low current
(quasi cut-off current). This operation is performed
by setting the cathode voltage to about 150V and
adjusting it until the proper current is obtained. The
maximum time available to do this operation is
generally about 52us.

Fig.3 shows the simplified diagram of the
TEA5101A output, the voltages during the different
steps,and the stationary state the system must
reach for correct adjustment.

T
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Q
<
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I
}
i
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During the blanking phase, the tube is switched off,
the PMOS is switched off and its Vgs voltage is
equal to the pinch-off voltage (about 1.5V). The
voltages at the different nodes are shown in figure
3 (V(9) = 180V, V(k) = 181.5V). The falling edge of
the cutoff pulse is instantaneously transmitted by
the capacitor C. When the stationary state is
reached, the cathode voltage will be 152.5V if the
voltage on pin 9is 150V, as the VGS voltage of the
conducting PMOS is about 2.5V.

We can see that the voltage on C must increase by
an amount of AVc = 1V. This charge is furnished by
the tube capacitor which is discharged by an
amount of AVCL = 29V with a time constant equal
to R x CL (10 ns). By considering the energy
balance, we can calculate the maximum charge
AVmax that CL can furnished to C

AVmax =V %L X AVgL = 3V

Since this voltage is greater than AVc, the capacitor
C can be charged and the stationary state is

Figure 4.

reached without any contribution being required
from the tube current,i.e. the whole tube current
can flow through the PMOS and the adjustment can
be performed correctly.

Considering higher voltage and beam current

swings, the margin is greater because:

e the voltage swing across the tube capacitor is
greater

e the tube current is higher and the picture is not
disturbed even if part of the beam current is
used to charge the capacitor C.

Il - EXTERNAL COMPONENTS CALCU-
LATION

The implementation of the TEA5101A in an appli-
cation requires the determination of external com-
ponent values. These components are Ri, Re, Rp
and Rm (see fig.4). The dissipated power in the IC
and in the feedback resistor Rt must also be calcu-
lated in order to correctly choose the power ratings
of the heatsink and resistors.

VinesLk)
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Vour(ewx)
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Video
Proc
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.1 COMPONENTS VALUE CALCULATION

From equations 1 and 2 in section II-1, both the
value of the DC output voltage and the voltage gain
depend directly on the resistor Ri. Hence Rt must
be determined first before calculating the value of
Re and Rp in order to obtain the correct gain and
DC output voltage.

ll.1.1. Feedback resistor Rt

The value of Rf must be as low as possible in order
to obtain the optimum dynamic performance from
the TEA5101A (see section IV-1). Atypical value of
Rris 39 kQ.

1Il.1.2. Input resistor Re

The voltage gain is calculated from the following
formula (see section II-1):
Rt 1

G=-q

Ri

1
A R/ Re / Ry

Since the open loop gain A is high enough (50dB),
we can approximate the calculation:

where Re is generally implemented as a variable
value for channel gain adjustment.

If the gain adjustment range Gmin, Gmax is known:

R R
Re min :G*f and Re max = G‘if
max min

With Gmin= 15 and Gmax = 80 :

Remin = 470Q
Remax= 2.6kQ

Re will be made of a 2.2kQ potentiometer and 470Q
fixed resistor.

l11.1.3. Bias resistor Rp

Rp must be chosen in such a way that the black
level output voltage VouT(sLk) is equal to the cutoff
voltage, which is a characteristic of the tube cur-
rently used, when the DC black level input voltage
VINBLK) is the mean value of the adjustment range
of the video processor. This is the optimum condi--
tion to ensure a correct adjustment during the
lifetime of the tube. Rp can be calculated by con-
sidering the TEA5101A as an operational amplifier
and applying the usual formula :

8/23
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R, = Vref
P~ Vout (BLK) — Vret . Vin (BLK) ~ Vet
R Re

Vret

I VinBLK) =Veer o=y Ve

x R¢

For a 150V black level :

Rp = 1kQ with Rs = 39kQ

- If Vin (BLK) * Vref :
Vin (BLK) = 2.7V

Rp = 1.2kQ with Rt = 39kQ
Re = 1.5kQ
Or
Vin (BLK) = 6.7V
Rp = 680Q with Ri= 39kQ
Re = 1.5kQ

for a 150V black level

1ll.1.4. Current measurement resistor Rm

Rm must be determined by taking into account the
quasi cutoff current leo and the input voltage Vc of
the video processor.

Rm=—"
Ico

- With the videoprocessor TEA5031D (V¢ = 2V) :
Rm = 120kQ with Ico = 16pA

- With the videoprocessor TDA3562A (Vc = 0.5V)
which requires a DC biased input "Black current
stabilization" (pin 18), the schematic diagram is
the following :

Figure 5.
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82K0
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82
120 + 82 -

The quasi cutoff current is

The DC bias is 12 x 5V

A1 8 _
0.5(120+82)x1x10 =10pA .

IIl.2 DISSIPATED POWER IN EXTERNAL COM-
PONENTS

The only components dissipating power are the
TEA5101A and the feedback resistor. The dissi-
pated power has a constant static component and
a dynamic component which increases with fre-
quency. The theoretical calculation is not suffi-
ciently accurate to determine the correct dissipated
power. The best way consists of measuring the
power in different configurations of the circuit:
steady state (no input), sinusoidal input,and in situ
(in a TV set with a video input signal). The mea-
surement method will be described first and then
the results and calculations will be discussed.

Hl.2.1. Measurement method

The dissipated power can be determined by mea-
suring the average supply current Ipp (principally
high voltage supply current Vpp) and by subtracting
the power dissipated in the external components
from the calculated power delivered by this supply
voltage. :

The power delivered by the high voltage power
supply is : P = Vpp x Ibp

The power dissipated in the external components
(principally the feedback resistor Ri) is:

3x V2 out (AVG)
Rt
3x V2 out (RMS)
Rt
When the IC is driven by a sinusoidal signal (ca-
pacitive drive),the measurement and calculation

are straightforward:
VouT(AVG) = Vout(DC)

- for the static part: Psgp =

- for the dynamic part: Ppr =

Vour (peak to peak)
2xV2

VouT(RMS) =

With Vour (DC) = 100V and
Vourt (peak to peak) = 100V and Rt = 39kQ2

-THOMSON
OELECTROMICS

ST

Psr = 0.8W
Ppor=0.1W

Measurements are more difficult to carry out when
the IC is working in a TV set. Vout(AVG) can be
measured with an oscilloscope (difference of level
between AC and DC coupling) and Vout (RMS) can
be measured by connecting an RMS voltmeter to
the feedback resistor. In this case we have the
following results (see section 2.2.3):

Vout (AVG) = 130V and Psr = 1.3W
Vout (RMS) = 32V and Ppr = 80mmW

In each case, the term Ppr can be neglected as a
reasonable approximation.Hence, the power dissi-
pated by the IC will be:

3v? AV
Pi— Voo x o - SY_0UT (AVG)

Rt
and the power dissipated in Rs will be :
V2 out (AVG)
Pr =
Ry
1ll.2.2. Results

1l1.2.2.1. Static power

Table 2 shows the measured values of Ipp and the
calculated power for three values of Vout and for
Vop = 200V

Table 2.
Vour ibo P Pr
V) (mA) W) w)
50 16 3 0.065
100 15 2.2 0.25
150 14.6 1.2 0.6

We can see that the static power dissipated in the
IC decreases with Vour increasing, but obviously
the power dissipated by Rt increases as Vour
increases.

I11.2.2.2. Measurement with sinusoidal input

Table 3 summarizes the results obtained from prac-
tical measurements as functions of Vout(DC) and
of the frequency (the three channels are driven
simultaneously).
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Table 3.
Vour Ioo Ipp Vour (PP) Vour (PP) P; P; P
) 1MHz 7MHz 1MHz 7MHz 1MHz 7MHz v
(mA) (mA) ) ) (W) W) W)
50 20.7 44.6 66 50 3.9 8.7 0.065
100 20 59.5 100 80" 3 11 0.25
150 18 45 100 67 1.7 8.2 0.6

We can see that when driving the IC with a HF
sinusoidal signal, care must be taken to avoid
excessive temperature increase.

111.2.2.3. Measurementina TV set
We have determined the worst cases of dissipation

in a TV set. These trials have been carried out on .

one particular TV set, and may not be representa-
Table 4.

tive forall TV sets. In this particular TV set, the worst
cases of dissipation occur with noise signal (from
HF tuner) and with a multiburst pattern (0.8 to
4.8MHz) in RGB mode.

Table 4 summarizes the results in these two cases
when the brightness control is set to min and max
value (the contrast control is set to max).

Vour (AVG) Ipp Voo Pi Py
V) (mA) v W) (W)
Bright.max Noise 148 222 218 3.15 0.56
Bright.min 188 23.3 224 25 0.9
Bright.max Multiburst 131 23.6 213 3.7 0.44
Bright.min 158 22 221 2.9 0.64
111.2.3. Design of heatsink and external compo- Figure 6.
nents
Cs
I11.2.3.1. Heatsink i
As discussed above, the power dissipated in the AN
IC in a TV set can reach about 4W. In this case, a R¢
12°C/W heatsink seems to be sufficient. Such a Re ‘
heatsink will give Tj = 115°C for Troom = 60°C.

The resulting margin guarantees correct reliability.

111.2.3.2. Feedback resistors

1 Watt type feedback resistors must be used, as
they may need to dissipate 0.9W when the TV set
is working and up to 1W when the TV is blanked
(Vout = 200V), for example when the security of
the scanning processor is activated.

IV - APPLICATION HINTS

1IV.1 DYNAMIC PERFORMANCES

Figure 6 shows the simplified schematic diagram
of the TEA5101Ain AC mode.

Ct is the parasitic capacitor between the input and
the output.
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Cinis the parasitic capacitor between the input and
ground. The voltage gain versus frequency can be
deduced from the formula (2) in chapter Il sec-
tion 1.2 :

R M 1

Re (1 + R Gt s) 1
14—

A(s)

G(s) =~ (1+i1+R Gos
Req 1+RtCts

with Req=Rp//Re//Rin and A(s) open loop gain.
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A(s) is a second order function such as
AO

1+ bs +as?

witha=9x 1076 s?
b=60x10%s
AO =400

Assuming Req x Cin = Rt x Gy, we find:
R¢ 1 1

G(s) = — X X
Re (1 +Ri Cs ) B B B 2
a0 'TA0+B** A0+B
) Rt
withB=1+_—
Req

We see that the closed loop amplifier is equivalent
to a combination of a second order circuit and a first
order one. The latter comprises the feedback resis-
tor and the parasitic capacitor between input and
output. With the current values

Rt = 39kQ Ci=0.5pF

Re = 2kQ Cin = 15pF

Rin = 14kQ

Rp = 1.2kQ

we have

Req x Cin = 10ns

Rt x Ct = 20ns

B =56

The second order circuit characteristics are :
Natural frequency:

1 (AOYB yembz

F":2xnxa B

damping factor :

__b B
“2xa” AO+B

z =0.35

The cut off frequency of the first order circuit is :

1
2 x it Rs x Cs

The amplifier response is thus the combination of
the responses of these two circuits. The contribu-
tion of the parasitic capacitor Cs to the frequency
response is very important. If the value of Ctis too
high, the contribution of the first order circuit will be
of overriding importance and the resulting
bandwidth of the amplifier will be too small. If the

fc = = 8MHz

437 $GS-THOMSON
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value of Ctis too low, the response curve will have
a peak (due to the second order circuit). A "ringing"
effect will be present on pulse-type signals and an
instability and oscillation can occur at some fre-
quencies.

This capacitor is generally too high. It consists of:

o the self parasitic capacitor of the feedback
resistor

o the parasitic capacitor due to the PCB layout.

Practically,the best bandwidth performances are

achieved by:

o the smallest input-output capacitor and
the smallest capacitor between an input and
ground

e using a feedback resistor with the smallest
possible value but large enough to yield a suffi-
ciently high gain.

e using a feedback resistor with small parasitic
capacitance (typ 0.2pF). Some resistors have
0.5 or 0.8 pF parasitic capacitor.

The parasitic capacitors discussed above are usu-
ally the ones which need to be taken into account.
However any other parasitic capacitor or inductor
can modify the frequency response. For instance,a
too large capacitor value between the feedback
output and ground can create a dominant pole and
cause a potential risk of oscillation .

IV.2 CROSSTALK

Figure 7 shows the different parasitic links inducing
crosstalk.

Figure 7.

|~ AN

. - |

J» Gy = “\J(&b = "w
‘ AP Sy
I
i N ‘»,"

R R P

VI0TEA5101A-07

The crosstalk can be caused by:

e parasitic coupling between the inputs (Cpi)

e parasitic coupling between the outputs (Cpo)

e parasitic coupling between an output and a
near input of another channel (Cp).

11/23
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Parasitic coupling may be capacitive or be caused
by HF radiations.

The third type of parasitic coupling is predominant
since it involves the addition by feedback at rela-
tively high level(output) signals to relatively low
level (input) signals. For example, a 0.1pF Cp par-
asitic capacitor between an output and the input of
another channel will act as a differenciator with the
feedback resistor Rt = 39KQ.

The transfer function of this integrator will be Ry x
Cp x s (0.2j at 8MHz) and thus the crosstalk will be
-14dB at 8MHz. The parasitic coupling between
inputs and outputs must be minimized to achieve
an acceptable crosstalk (-20dB at 5SMHz). This can
be done by crossing only the input wires and sep-
arating the input and output leads. High voltage
components and wires must be laid out as far as
possible from small signal wires,even if this results
in a larger circuit board.

HF radiations from the feedback resistor must not

induced a voltage signal at the input of another

channel. This can be achieved by:

e spacing out the feed back resistors

e mounting these resistors in the same direction
and strictly aligned one under another.

e mounting these resistors 1cm above the PC
board

e using ground connections to insulate the input
wires

IV.3 FLASHOVER PROTECTION

A picture tube has generally several high voltage
discharges in its lifetime. This is due to the fact that
the vacuum is not perfect coupled with the pres-
ence of metallic particles evaporated from the elec-
trodes.Hence, short circuits (very brief fortunately)
can occur between two electrodes,one of which is
usually the anode (at EHT potential). An overvolt-
age can be induced on the cathodes or on the
supplies evenifa flash occurs on an electrode other
than a cathode, because of the possibility of flashes
in series or overvoltages due to inductive links on
the video board or on the chassis. These over-
voltages can destroy an IC particularly the video
amplifier which is the most vulnerable since it is
directly connected to the tube.

The tube manufacturers have made much prog-
ress in technology in order to reduce the frequency
of flashes and their associated energy (increased
quality of vacuum, internal resistance for "soft
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flash” tubes). Nevertheless, some protection mea-

sures are suggested by the tube manufacturers:

e connect spark gaps on each electrode
(1 to 3kV or 12kV for focus)

e connect the spark gaps to a separated ground
directly connected to the chassis ground by a
non inductive link

e connect the cathodes or grids by protective re-
sistors. These resistors must be able to with-
stand 12kV (20kV for focus)instantaneous
voltages without breakdown and without any
change of value following successive flashes.
These resistors must be of a non-capaci-
tive type. 1/2W (1W for focus) hot molded car-
bon type resistors are well suited for this
application.

o the grid and cathode connections on the PC
board must be as short as possible and
spaced well away from other connections in
order to avoid parasitic inductions.

Furthermore, the TEA5101A has been provided
with an additional effective feature to improve the
flashover protection.As described in section 1-4, a
protection device has been included comprising a
high voltage high current diode which is connected
between each output and the high voltage power
supply. The equivalent diagram of this protection is
shown in Figure 8.

Figure 8.

>,,,

SPARK GAP
2KV

CHASSIS

VOOTEAS5101A-08

The flash current is diverted to the ground through
the diode and the decoupling capacitor C.

Two kinds of flashes can occur:

1) low resistance flashes during which the spark
gaps are activated since the cathode voltage ex-
ceeds the breakdown value of the spark gap. In this
case the equivalent diagram is the following:

MSON
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Figure 9.

Ve
r CtubeX . Ci
Vv nF ¢

SPARK GAP
2KV

Iy flash current (= 1000A)
Lt inductance of the connection (= 10uH)

VOOTEA5101A-09

Ctube previously charged to 28kV is instantane-
ously discharged during

At= Ctube X AIM =30ns

t

Since the voltage across the spark gap falls almost
instantaneously to 2000V, the peak current | flow-
ing into the diode is (assuming Vc is held by good
decoupling) :
_ VeX Ay _
==

To ensure a variation of V¢ less than 10V, C must
be

| 6A

IxA t
AVc
The decoupling must have good HF characteris-
tics.

2) high resistance flashes in which the spark gaps
are not activated. In this case the equivalent dia-
gram is the following:

C>

eg C>18nF

Figure 10.
Ry RI1K | Ds

T T T

| l i

| L - C
Ctube 7 % VCTI
1nF SV .

|

|

|
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2000
R
The time constant of the flash is Rt x Ctupe = 12 ps,
the decay time is approximatevely 30 us. The value

of C must be

At X |
AVc
in order to ensure a VC variation less than 10V.
The total decoupling will be made up by a 10uF
electrolytic capacitor connected in parallel with a
22nF plastic film capacitor with good HF properties.
It must be placed very close to the TEA5101A to be
efficient. Otherwise, the equivalent diagram will be
the following (case of low resistance flash).

fV<2kV < , I <2Aand Ri= 12kQ

C>

eg C>6pF

Figure 11.

CHASSIS

VOOTEAS5101A-11

I x At LP1 x|
- Cc * At
AVc =210V with Lpt = 1pHand Lp2 = 0
In this case the Vpp voltage can rise to a dangerous

value (+210V increase) and the protection is not
efficient.

AV¢

If the connection between the socket ground and
the chassis ground is inductive (Lp2 = 0), the effect
is the same.

However in this case, all the TV IC’s,and not only
the TEA5101A,will be exposed to destructive over-
voltages.

IV.4 OUTPUT SWING

The simplified diagram of this function is shown
below (See Chapter Il and chapter ll ):
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Figure 12.

TEA5101A

. VOOTEA5101A-12

The current delivered by a CRT is given by the
characteristic curves (fig 13-14).

Figure 13.
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The minimum value of Vi (due to all the voltage
drops in the resistors and in the amplifier) is gnven
by the equation (see fig 12 above):

Vk= (R + Ron + R1 + 3 X Rm) X It = Req x I (1)
with Ron : on state PMOS resistance

To find the maximum available current ltmax,we can
draw the curves of the equation (1) on the tube
characteristics. kmax will be given by the intersec-
tion point of the curves.Since the tube character-
istics are: kvs Veutoft + Va1 - Vi the equation (1) must
be changed to

VCUTOFFR+ Va1 — Vi @)

eq

Assuming Vgi= 0, we can draw the curves of
equation (2) for several values of Veutotf (€g 150V
and 200V) and several values of Req
(eg 5k,10k,15k,20k) (see fig 13 and 14). We can
see from these curves that Req must have the
following values to allow the tube to source 4mA
per gun :

I =

Figure 14.
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Req < 5kQ
or Req < 15kQ

for a 150V cutoff point
for a 200V cutoff point

As Ron value is approximatively 1.7kQ, the mea-
surement resistor must be as low as possible.

Working with higher cutoff point would be an alter-
native solution. But a 200V cutoff point seems to
be too high a value since in this case the supply
voltage would be greater than 200V and would
affect reliability performances.

Another solution consists of connecting a zener
diode as shown in Figure 15.With this device the
high current operation of the TEA5101A is similar
to that of a discrete amplifier (with PNP) operation.

Figure 15.
{ —
{1
Vo
W

g;7+ :—.r 7 it
9

6

Req

VOOTEA5101A-15

For low currents, if the zener voltage is greater than
the Vas voltage, the zener diode is biased off and
the beam current flows through the measurement
resistor. When the cathode voltage (pin 7) drop is
limited because of the pin 6 voltage and when the
pin 9 voltage continues to decrease,the zener
diode is switched on when V7- Vg = Vz. Inthis case
the beam current is absorbed by the voltage ampli-
fier and the tube can provide larger current val-
ues.Nevertheless, the pin 7 output voltage will
follow the pin 9 voltage with a Vz difference.

Since the pin 9 voltage is internally limited to 14V,
the output voltage will be limited to 22V with a 8V
zener diode.

The CRT bias voltages shown on the previous
curves are referenced to the G1 voltage. The
TEA5101Ais referenced to ground. We can choose
to work with a G1 voltage greater than ground and
thus the low level saturation is not taken into ac-
count. In this case, the cutoff points must be in-
creased. When choosing Vg1 = 12V, the cutoff
points will be adjusted to 170V (instead of 150V).

£ SGS-THOMSON
Y/ CROELECTROMIGS

Since the power supply is 200V, 30V are available
to ensure correct blanking operation. The DC out-
put voltage must be increased by 12V from its
previous value.

Note that all the phenomena described in this
section concern a static or quasi-static (15kHz)
operation (e.g. white picture or rather large white
pattern on a black background). When current
peaks occur (e.g white characters insertion or
straight fuminance transition), the peaks will be
absorbed by the coupling capacitor and the voltage
amplifier,and hence the tube will be able to source
a greater current.

IV.5 LOW CURRENT MEASUREMENTS

We have seen in section 1I-2.2 how the beam
current monitoring works (see fig.3 page 6). We
have seen that the capacitor C must charge again
after the blanking phase.

This charge is generally furnished by the tube
capacitor independently from the beam cur-
rent.However,if during the blanking phase, the out-
put voltage is too low (e.g. the PMOS is reverse
biased (- 20V) because of a too high leakage
current or when measuring with an oscilloscope
probe), the AVC required to charge C again will be
greater than the maximum charge available from
the tube capacitor.Hence the beam current will
have to charge C in a first step.

Since this current is rather low during the cutoff
adjustement phase, a long time will be spent to
charge C. The current absorbed by the PMOS and
fed to the videoprocessor will not be equal to the
beam current and the cutoff adjustement will not be
correct.

Hence the reverse voltage across the capacitor C
must be limited by a diode connected as follows :

Figure 16.
‘} TNATAE 1
1
EL | {L
b
‘ | J 7
9 | ]
B6
VO0TEA5101A-16
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With this configuration, the voltage across C will be
-0.6V max. Since this voltage must be 2.5V in the
stationary state (see section 1I-2.2), the voltage
across C must be increased by 3.1V and this
charge can be supplied by CL. We can also slightly
decrease the value of C. However if C is too low,
the HF behaviour will be impaired.

V - APPLICATION EXAMPLES

V.1 APPLICATION DESCRIPTION

Figures 17 and 18 show two applications, one for
a 45AX tube and the videoprocessor TDA3562A
(application 1), the other designed for S4 type tube
and the videoprocessor TEA5031D (application 2).
In these two applications, the nominal gain is 28dB
and the output black level is 150V. The quasi cutoff
currents are respectively 10pA and 16pA for appli-
cations 1 and 2.

These applications are implemented using the
same PC board especially designed to allow differ-
ent options for tube biasing, power supply decou-
pling and connections. This PC board allows also
two different tube sockets (jedec B8274 or B10277)
to be connected. Both beam current monitoring
modes (sequential and parallel) are possible.

The layout and the electrical diagram of the PC
board are shown in Figures 19 and 20.

V.2 PERFORMANCE EVALUATION

As seen in chapter IV, the dynamic performances
(bandwidth, crosstalk) of the TEA5101A is very
dependent on the PCB layout.Consequently, the
evaluation board has been designed to obtain the
best results.

To evaluate the performance, the best way is to
work outside of the TV set by driving the amplifier
by an HF generator (or a network analyser) while
simulating the load conditions fixed by the CRT,
since AC performances are directly determined by
the load.

V.2.1. Measurement conditions

The schematic diagrams of the AC measurements
are shown in Figures 21 and 22. The conditions are
as follows:

e BIASING : Voutpc = 100V by choosing
R11 = R21 = Ra1 = 1.5kQ and Vpp = 200V
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e AC GAIN = 50 by adjusting P10, P20, P30

o LOADING : .

- by a 8.2pF capacitor and the probe capacitor
(2pF), the sum is equivalent to the capacitance
of a CRT with the socket and the spark gaps

- the 1MQ resistors connected between each
outputand Vpp allow the conduction of the beam
current monitoring PMOS transistor in such a
way that VApc = VBpc= 100V.

o DRIVING by a 1pF capacitor, the HF genera-
tor being loaded by 50Q.

e the dynamic power dissipated in the IC will in-
crease with frequency. To avoid the tempera-
ture increasing, it is necessary to do very quick
measurements or to use a low Rin (7°C/W)
heatsink in forced convection configuration.
Such conditions are not present in a TV set
since the driving signal will be a video signal in-
stead of a pure HF signal.

V.2.2. Results

V.2.2.1. Bandwidth

The curves Figures 23 and 24 show the frequency
responses of one channel with 100Vpp and 50Vpp
output voltages.

The bandwidths are approximatively 8MHz at
100Vpp and up to 10MHz at 50Vpp.

Vv.2.2.2. Crosstalk

The curves Figures 25, 26 and 27 show the cross-
talk for this application.The crosstalk is almost the
same for the six different combinations of the three
channels. The worst value is -24dB at 5SMHz.

V.2.2.3. Transition times

The curves Figure 28 show respectively the R, G,
B rise and fall times of respectively 49 ns and 48
ns with a 100V output voltage (between 50 and
150V).

The difference between rise times of the three
channels is less than 1ns.

The difference between fall times of the three chan-
nels is less than 2ns.

The delay time at rising output is 48ns.
The delay time at falling output is 50ns.

The difference between the delay times is less than
2ns.

The slew rate is about 2000V/ps.
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Figure 17 : Application 1 (45AX Tube, TDA3562A) - Electrical Diagram.
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Figure 18 : Application 2 (PIL24 Tube, TEA5031D) - Electrical Diagram.

R13
1kQ1/2W
Rin 1 O R cathode
R cutoff
I R
T 1kQ1/2W
Gin - B3 1 1 O G cathode
LE G cutoff
l// VREF
P30
22kQ R30
3% @
Bin »— —— - B cathode
B cutoff
| R3S
j 120602
VCCy, [ <] VDD
12v " ]
470 200V
CHASSIS ,
»> -
GROUND Gro
Y7/ CRT GROUND
HEATER
o
> 1/O LOW LEVEL CONNECTOR  C1 R1
100k§2
i <0 1OHIGH LEVEL CONNECTOR C2
10kQ 172W
G2 >
o CRT CONNECTOR
2x22nF
- 630V
>3< PIN CONNECTION

VOOTEA5101A-18

18/23

100

SGS-THOMSON

Ie74

MICKOELECTRONICS




APPLICATION NOTE

Figure 19 : TEA5101A Evaluation Board Layout and Components View.
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Figure 20 : TEA5101A Evaluation Board Electrical Schematic Diagram.
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Figure 21 : Bandwith Measurement Configuration.
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Figure 22 : Crosstalk Measurement Configuration.
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Figure 23 : Frequency Response of R Channel Figure 24 : Frequency Response of R Channel
(100Vpp). (50Vpp).
REF LEVEL / DIV QFFSET 7926 230 G00Hz REFLEVEL / DIV OFFSET § 9657 489 00Hz
40 000dB 5.000dB MAG (UDF) -2912dN 40 000dB $.000dB IAG (UDF) - 307308
L 7]

N

100kHz 1MHz ToMHz 100KHZ TMHZ 10MHz

VO0TEA5101A-23 VO0TEA5101A-24

Figure 25 : Crosstalk between R Channel and G Figure 26 : Crosstalk between G Channel and R
and B Ones. and B Ones.
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Figure 27 : Crosstalk between B Channel and R

and G Ones.
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Figures 28A and 28B : TEA5101A R Channel Step Response.
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AN AUTOMATIC LINE VOLTAGE SWITCHING CIRCUIT

ABSTRACT

The voltages found in line sockets around the
world vary widely. Power supply designers have,
most often, overcome this problem by the use of
a doubler/bridge switch that can double the
120V nominal line and simply rectify the 240V
nominal voltage.

A two device solution (comprising an integrated
circuit and a customized triac) that will adapt the
power supply to various line voltages around the
world is described in the following paper. This
circuit replaces a manual switch and could also
open special markets. Other advantages of this
integrated circuit solution are ease of circuit de-
sign, lower power dissipation, a smaller compo-
nent count and additional safety features.

INTRODUCTION -
CIRCUIT.

THE DOUBLER/BRIDGE
AC line voltages the world over can be divided
into two main categories :

a)120V nominal, 60Hz systems. Electronic
equipment is usually designed to run in the

VAJAPEYAM SUKUMAR
THIERRY CASTAGNET

90V - 132V range.

b) 240V nominal, 50Hz systems. Equipment has
to be designed to run in the 187V-264V
range.

A good reference for the various line voltages
around the world is found in [1].

Power supplies built to run off these voltages
have to be either wide range input or must use a
doubler/bridge circuit. The disadvantage of the
wide range input scheme - that all components
have to meet worst case current and voltage re-
quirements - makes such a solution popular only
at less than 75W power levels. The popular
doubler/bridge circuit is shown in Fig. 1. When
the AC input voltage is 120V nom. (doubler
mode ) the switch S1 is closed. During the posi-
tive half cycle of the input voltage capacitor C1
is charged. During the negative half cycle of the
input voltage, capacitor C2 is charged to the
peak line voltage. When the line voltage is 240V
nom. (bridge mode), the switch S1 is open and
the circuit works like a conventional bridge recti-
fier. ‘

Figure 1. Schematic Diagram of a Doubler/Bridge Circuit.
V N
Cl /=
g ot SW [ TCHING
! REGULATOR
P
20V > | Py - 75
12BY, 60H= OB
R
248V, GOHz Co =
O p
AN389/0191
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At power levels of over 500W, power factor cor- .

rection circuits and three phase line input voltage
circuits dominate. So, the automatic line voltage
switching (AVS) circuit is used mostly in the
75W-500W power range.

The recent push to replace the mechanical
switch S1 in Fig.1 with an automatic line voltage
switching (AVS) circuit came from computer

Figure 2. Discrete AVS Circuit Block Diagram

manutfacturers. They found that the small addi-
tional cost of the AVS circuit is less than the
costs of power supply failures incurred by inad-
vertently positioning the switch in the wrong po-
sition.

While many of the early AVS designs used re-
lays, the triacs, with their superior reliability,
small size and low cost are now more popular.

HIGH VOLTAGE DC BUS

COMPARATOR Al
POWER
COMPARATOR SIGNAL
| AMPLIFIER Q
+
a/ |TRIAC
VOLTAGE AND
SENSE
&/ SHIFT
/Z VOLTAGE
REFERENCE

PRIMARY RETURN

DISCRETE AUTOMATIC VOLTAGE SWITCH-
ING CIRCUIT

Figure 2 shows a diagram of the various blocks
comprising a discrete implementation of the AVS
circuit. The line voltage seléction circuit can be
divided into three main functions:

1. Detection of peak line input voltage. Vari-
ous schemes use resistive or capacitive di-
viders to measure the voltage across C1 and
c2.

2. Comparison with a reference voltage that
is generated with the help of a zener diode.
A simple comparator can be implemented
with two small signal transistors.

3. Drive for the triac. If the circuit is to be in
the doubler mode, then the output signal of
the comparator is boosted to provide the

26 Ly $GS:THOMSON

drive to turn the triac on. This interface cir-
cuitry can consist of a high voltage transistor
and bias resistors.

DISCRETE VS INTEGRATED CIRCUIT AVS.

An IC based AVS circuit should be designed to
overcome the disadvantages of the discrete sol-
ution that are listed below.

1. Power Dissipation.

This is critical because the entire supply current
necessary for the operation of the AVS circuit
comes from the high voltage bus. Every milliam-
pere of current saved in the sensing, comparison
and drive circuitry increases the efficiency of the
entire system.

Po(AVS)=k*(Vac)®. (1)
About 80% of the power lost in the AVS scheme

MICROELECTRONICS
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is in the gate drive to the triac. This means that
a sensitive gate triac is the best candidate for
the switch S1 in Figure 1.

Discrete AVS solutions usually use between 5W
and 12W.

2. Immunity to Input Line Voltage Transients.

Most power supplies today are designed to meet
IEEE 587 or similar line transient specifications.
We must choose a triac that withstands these
transient voltages without any triggering. So we
have to make a compromise between low gate
drive requirements (lgT) and good static dv/dt
immunity. The gate drive circuit of the triac must
also be designed to reduce any parasitic volt-
ages at the gate. The gate non- trigger voltage
(Vap) of most triacs is about 0.2V.

3. Effect of Line Sags and Surges.

Line voltages are generally considered to vary
about +/- 10% from their nominal values. The
120V nominal can be as high as 132V and the
208V nom. can fall to 187V. Between 132Vac
and 187Vac, there exists a window, in which we
have to design the threshold voltage of the com-
parator in Fig. 2. Additional ('strife’, etc.) test re-
quirements can reduce this window to a smaller
140V to 170V. An analysis of worst case compo-
nent tolerances is critical in AVS design. )

Figure 3. AVS10 Application Schematic Diagram

Ultimately, however, there will always be line
voltage waveforms that will fool an automatic
voltage selection scheme. One can think of situ-
ations where, say, a large motor will pull the line
voltage down below the threshold voltage during
startup. A good AVS system will monitor the line
voltage and protect the power supply . In some
applications, the bridge mode (240V mode) is
considered the fail safe mode and if the unit
starts off in the bridge mode, it should not be
able to change modes till the power is recycled.

SGS-THOMSON AVS10 SOLUTION.

We at SGS-THOMSON studied the possibility of
an integrated circuit solution for this application.
The cost constraints ruled out any exotic single
chip solutions and forced us to opt for an 8 pin
DIP IC for sensing and a TO-220 triac as the
power switch. This I[C+triac solution, called
AVS10, also offers optimal protection against
noise.

In order to maximize the design flexibility and re-
duce turn around time, we chose a semi-custom
solution called ANACA. A 12V CMOS ANACA
process used offers mixed analog/digital stand-
ard cell capability.

OPERATION OF THE AVS10 CIRCUIT

A typical application diagram for the AVS10 in a
power supply is shown in Fig. 3.

NTC
O
O—
120V, 66H= ==
OR
Z4BV , 5OH=
Al A2
o
[}
Vo= o] AVS1@CE =
e NTC
R 2 Ve C?P V"”q C2 == L—o
AVS1ACP S_I\VAGI\—
3 2 1 3900
R 3 Cll vee
D1 R6 RY¥
(37 SGS-THOMSON 36
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Figure 4. AVS10 Block Diagram
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___________________ Ve

The series circuit of D1, R6, R7 and C2 provide
power for the chip. Pin 1, Vss, is a shunt regula-
tor that provides a -9V (nom.) output. R1 and R2
are resistive divider precision resistors that are a
measure of the input line. The voltage at Pin 8
varies with the input line. Thus the voitage at Pin
8 is not only a measure of the peak input volt-
age, but it can also sense line voltage zero
crossing. Pins 2 and 3 are inputs to an oscillator.
The resistor R3 and C1 set the oscillator fre-
guency. Pin 5 drives the gate of the triac through
a 390Q resistor. Pin 7 offers the user a choice of
two different modes of operation. The block dia-
gram of the IC is given in Fig. 4.

1. Decreased Power Dissipation.

Decreased power dissipation is an important ad-
vantage of the AVS10. While most discrete AVS
schemes need 5W to 12W of power, the AVS10
uses about 2W. This performance is thanks to
an innovative gate triggering scheme (Patent
Pending). The gate current is made up of a
pulse train that has a typical duration of around
23us (45kHz+/-5% ). The duty cycle of the
pulses is typically 10%. The values of R2 and
C3 in Fig. 3 are chosen to give us the pulse
frequency.

2. Immunity To Voltage Transients.

The triac of the AVS10 is a sensitive gate triac

e Ly SGS:THOMSON

that is specified to remain off when subjected to
dv/dt of 50V/us. Circuit layout is critical in pre-
venting false dv/dt turn on of the triac [2]. The
IC of the AVS10 circuit has a built in digital filter
that suppresses the effect of all spikes of less
than 200us duration.

The Mode.

3. Operating In Failsafe

Vmode = Vss.

The mode pin on the AVS10 IC, Pin 7 deter-
mines the behavior of the circuit if it is turned on
into a line surge/sag situation. If Pin 7 is tied to
Vss (Pin 1), the AVS10 circuit is in a failsafe
mode. This means that if the device is turned
into a bridge mode, it will remain in the bridge
mode, even if the voltage were to suddenly dip
into the 110V range.

4, Operation In Reactive Mode. Vmode = VbD.

If Pin 7, the mode pin, is tied to Vpp, then the
device will switch between bridge and doubler
modes if the input voltage changes. If the 110V
input changes to 220V, then the AVS10 turns
the triac off by the next mains cycle. If the 220V
input falls to 110V, the AVS10 circuit has a vali-
dation period of 8 mains cycles ( when it verifies
that the voltage is still at 110V) after which the
triac turns on. Thus, safety features are built into
the AVS10 circuit. Typical timing diagrams for
the two modes are given in Figs. 5 and 6.

MICROELECTRONICS
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Figure 6. Timing diagram - Vmode = Vss

Vac(RMS)

|
|
TRIAGC FIRING ORDER | 1=TRIAC ON ; 0=TRIAC OFF
|

| I

Tdelay <1 cycle

Figure 5. Timing Diagram - Vmode = Vad
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[ | |
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A detailed account of how to set the input volt-
age threshold is found in [2].

5. Additional Safety Features.

Additional steps are taken to enhance the safety
of design include starting up aiways into the
bridge mode. There is a delay of around 250 ms
at start up before the AVS10 goes into the dou-
bler mode. )

Hysteresis is also built into the comparator to
prevent small line voltage variations from caus-
ing toggling between bridge and doubler modes.
Only a voltage variation of over 10% of the line
voltage can cause the AVS10 to change modes.

CONCLUSION

This paper describes an efficient way of imple-
menting an automatic doubler/bridge circuit. The
primary use of this circuit is in 75W to 500W
SMPS. Other innovative uses are possible. One
example would be .industrial motor drives which
can be designed to accept either 120V line-to-
neutral or 208V line-to-line input.

The main advéntages of the AVS10 solution are:

8% L7 $55.THomson

112

1. High Efficiency. Losses are just 2W vs.
5W-10W for discrete schemes.

2. Safety. Uses digital spike suppression,
hysteresis, validation of range, a failsafe
mode and good control over the triac trigger-

ing.

3. Space Optimization., small supply resistor.
Good reliability.

4. Ease of Use. Eliminates manual line se-
lection errors.

5. Suitable solution for various power range:
AVS10 up to 300W
AVS12 up to 500W.
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HOW TO USE THE AVS KIT

PRELIMINARY NOTE

| DESCRIPTION OF THE AVS KIT :

The AVS10, or AVS12, is an automatic mains This switch modifies automatically the structure
selector to be used in on line SMP supply with of the input diodes bridge in order to keep a

Power up to 500W. It is made of two devices. same DC voltage range.
L c2l
NTC
) T
1nov | i
OR L
220V l LcCt
A 5 ) DTV
e P TC3
‘ SS SwW1 /'G
; % ?_..J VDDI 33 UE;J Avsolocg
i 181 % | |R2 7 4 AVS12CB NTC
: M 300
; 8 avstace SH_H
H vG
3 2 1
1MOM % R1 vsS

91K1% 100pF§%

\ IKE 1
| 1N40O7 2x 99K W

The AVS is compatible with 50 and 60 Hz mains When mains voltage increases from range | to

frequency and operates on two mains voltage range Hl the triac conduction is completly stopped

ranges : before one mains period because VM > VTH.

- Onrange | (110 Vawms) the AC voltage varies
from 88 to 132 V and the triac is ON : the When mains voltage drops from range Il to
bridge operates as voltage doubling circuit. range | VM becomes lower than VTH - VH.

There are two options (V mode on pin 7) :

— On range Il (220 Vrus) the AC voltage varies . . L .
from 176 V to 276 V and the triac is OFF : ~ ~ ¥ Mmode = VDD ; the triac triggering is valided
the circuit operates as full wave bridge. 8 mains periods after power on reset.

- V mode = VSS ; the triac control remains

Il PERFORMANCE OF THE AVS : locked to range |l until circuit reset.

The control of the switch is made by the compar-

ison of the mains voltage (VM on pin 8) with in- .

ternal threshold voltages (VTH and VH on pin 8). Il USE OF THE AVS :
Calculation of the oscillator :

AN390/0191 1/4
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The oscillator frequency is determined by the
mains frequency (50 and 60 Hz) and the gate
control : its required value must be 45 KHz *
5%; so the value of components is :
C = 100 pF/5%
R = 91 KOhms/1%

The frequency confrol is made on pin 3.

Adjustement of the mains mode change :

The measure of the mains voltage is made by a
detection of the peak value.
The change of mains range is made by ad-
justement of resistor bridge and we advice :

800 kOhms < R1 + R2 < 2 mOhms

Calculation of the change from range | to range
Il (on pin 8) :

" [VTH . (R1 + R2)J/(R2 . V2) + Vreg /2 =
max.RMS voltage on Range |

Vregtyp=-9Vand VTH typ = 4.25 V

Calculation of the change from Range Il to
range | :

[(VTH - VH) . (R1 + R2)/R2 . V2] + Vreg / V2 =
min . RMS voltage on range Il

Vregtyp=-9Vand VHtyp=04V

Performance of the power on reset :

The power on reset permits the charge of the
bulk capacitors of the SMP supply through soft
start circuit.

The triac triggering is valided (on range 1) after
the validation of power on reset (charge of sup-
ply capacitor C) and a temporization of 8 mains
periods.

T delay = delay time between power on and
triac triggering

Td = 0,89 . Vreg . R . C/[(Vrms . V2/n)- R . Iss]
+ 8/f

f = mains frequency

R = supply resistor = 18 kOhms

24 o7 SGS-THOMSON

C = supply capacitor = 33 uF
VRwms = mains voltage
Iss = 'quiescent supply current of AVS

Supply of the controller :

The structure of the supply regulator is a shunt
regulator and its current must be lower than Iss
max = 30 mA.

In order to have a good behavior of the circuit
against mains voltage spikes the pin 4 (VDD) of
the integrated circuit has to be connected
straightly with the A1 of the triac. In same way
the supply diode rectifier and R1 have to be con-
nected to the diode bridge (see typical applica-
tion diagram). ’

Triac control :

Between pin 5 and triac gate there is a resistor
in order to limit the gate current; its value is
given by the controller supply and triac ; the re-
quired value is 390 Ohms (5%).

Thermal rating of triac :

The knowlegde of the maximum triac current Itm
and the current pulse width tp in worst case con-
ditions allows to calculate the losses, PT dissi-
pated by the triac :
Itrm = Rwms triac current
= ltm x Vtp x Vf

PT=4.tp.f.Iltm. VTO/R
+rt.tp .. (D)
for AVS10CB :
V7o = threshold voltage of triac = 1.1 V
rt = on state triac resistance = 49 mohms

for AVS12CB:
VTO =1V
rt = 45 mOhms

The figure 1 of DC general characteristics of
triac gives these losses PT versus Itrus for this
application. The figure 2 allows to calculate the
external heatsink RrtH versus PT and Tamb
when Tj = 110C

Tj-Te=RtHj-c AC . PT
Tc - Tamb = RtH . PT

MICROELECTRONICS
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Example on AVS10 :

2 P W P (W) Teage (°C)
838 ] [ ] ] ¢~ oms Aen =00.0 °C/] | oo
- NI N N\ 02.5 °C/W
10 L -3 \ 2 05.0 5C/W
i TN - AN \\ 07.5 SC/W
8 t = tns [T\ 7 £
! NG NN 80
e
8 . M,
Pa LA A
P /l/f
TEEHFERE B - oK T I=F1 100
2 LA L1 A\
Y’ —1 \Y Y
17 ams) W) Tasy (°C) on
c 1 2 3 4 _5_| § 7 8 10 30 50 70} S0 140 130
Figure 1 and Figure 2 of AVS10 Datasheet
if tp = 2ms and ITrRms = 5A
- PT = 3.8W
-Tc=100°C if Tj=110°C
-RtH =7.5°C/W if Tj=110°C and
Tamb < 70°C
Annex : AVS demo board
COMPONENT LIST FOR AVS10.
DESIGNATION QTE REFERENCE OBSERVATIONS MARQUE
PRINTED CIRCUIT 1 4751
|RESISTANCE 1 R1 1 MOhms 1%
RESISTANCE 1 R2 18 KOhms 1%
RESISTANCE 1 R3 91 KOhms 1%
RESISTANCE 2 R4 9.1 KOhms 1W
RESISTANCE 1 R6 390 Ohms 5%
DIODE 1 D1 1N4007
CONDENSATOR 1 C1 100 pF 5%
CONDENSATOR 1 Cc2 33uF 16V RADIAL
TRIAC 1 IC2 AVS10CB / AVS12CB | SGS-THOMSON
INTEGRATED CIRCUIT 1 I1C1 AVS1ACP08 SGS-THOMSON
SUPPORT 1 C1 8 PINS
INVERTER 1 SWi1 MINIDIP
SOCKET 1 SL 3w 3 PINS WEIDMULLER
PLUG 1 BL3 3 PINS WEIDMULLER

‘ SGS-THOMS
Y/ iCRoELECTRONICS
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Products PIN out

/Q/
4

TO 220 AB
(Plastic)

DIP-8
(Plastic)

VSS
Osclin
Osc/Out
vDD

o

]l bl o]

<
<

<
Q
Q
®

< Z

toks)

Components layout
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HOW TO USE THE AVS 08

| DESCRIPTION OF THE AVS 08 :

The AVSO08, is an automatic mains selector to be
used in on line SMP supply with Power up to
200W. It is made of two devices.

PRELIMINARY NOTE

This switch modifies automatically the structure
of the input diodes bridge in order to keep a
same DC voltage range.

= = NTC
c2

1ov /

OR L

220V i j“C1
4 - Az T

K & AVSQSCB
or

18K % 7 AVSOeCBI | NTC

1N 4007

The AVS is compatible with 50 and 60 Hz mains

frequency and operates on two mains voltage

ranges :

- On range | (110 Vrms) the AC voltage varies
from 88 to 132 V and the triac is ON : the
bridge operates as voltage doubling circuit.

- Onrange Il (220 Vrus) the AC voltage varies
from 176 V to 276 V and the triac is OFF :
the circuit operates as full wave bridge.

Il PERFORMANCE OF THE AVS :

The control of the switch is made by the compar-
ison of the mains voltage (VM on pin 8) with in-
ternal threshold voltages (VTH and VH on pin 8).

AN391/0191

8  avsiscp S HV__—I"

G
3 2 1
TMON % vss
91K1% 100 pF 5%
7. 51K W

When mains voltage increases from range | to
range |l the triac conduction is completly stopped
before one mains period because VM > VTH.

When mains voltage drops from range Il to
range | VM becomes lower than VTH - VH.
There are two options (V mode on pin 7) :

- V mode = VDD ; the triac triggering is valided
8 mains periods after power on reset.

- V mode = VSS ; the triac control remains
locked to range |l until circuit reset.

Il USE OF THE AVS :
Calculation of the oscillator :

1/4
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The oscillator frequency is determined by the
mains frequency (50 and 60 Hz) and the gate
control : its required value must be 45 KHz +
5%; so the value of components is :
C =100 pF/5%
R = 91 KOhms/1%

The frequency control is made on pin 3.

Adjustement of the mains mode change :

The measure of the mains voltage is made by a
detection of the peak value.

The change of mains range is made by ad-
justement of resistor bridge and we advice :

800 kOhms < R1 + R2 < 2 mOhms

Calculation of the change from range | to range
Il {on pin 8) :

[VTH . (R1 + R2)J/(R2 . V2) + Vreg /2 =
max.RMS voltage on Range |

Vregtyp=-9Vand VTIHtyp=4.25V

Calculation of the change from Range Il to
range | :

[(VTH - VH) . (R1 + R2)/R2 . V2] + Vreg / V2 =
min . RMS voltage on range I

Vregtyp=-9Vand VHtyp =04V

Performance of the power on reset :

The power on reset permits the charge of the
bulk capacitors of the SMP supply through soft
start circuit.

The triac triggering is valided (on range |) after
the validation of power on reset (charge of sup-
ply capacitor C) and a temporization of 8 mains
periods.

T delay = delay time between power on and
triac triggering

Td = 0,89 . Vreg . R . C/[(VRms . V2/i) - R . Iss]
+ 8/f

f = mains frequency

R = supply resistor = 18 kOhms

24 57 SGS-THOMSON

C = supply capacitor = 33 uF
VRMs = mains voltage
Iss = quiescent supply current of AVS

Supply of the controller :

The structure of the supply regulator is a shunt
regulator and its current must be lower than lIss
max = 25 mA.

In order to have a good behavior of the circuit
against mains voltage spikes the pin 4 (VDD) of
the integrated circuit has to be connected
straightly with the A1 of the triac. In same way
the supply diode rectifier and R1 have to be con-
nected to the diode bridge (see typical applica-
tion diagram).

Triac control :

Between pin 5 and triac gate there is a resistor
in order to limit the gate current; its value is
given by the controller supply and triac ; the re-
quired value is 390 Ohms (5%).

Thermal rating of triac :

The knowlegde of the RMS triac current and the
current pulse width tp in worst case conditions
allows to calculate the losses, PT dissipated by
the triac : Figure 1 of DC general characteristics
of triac gives these losses PT. The external
heatsink RtH can be also calculated with PT and
ambient temperature Tamb.

Tj- Tc =RtH j-c AC x PT
Tc - Tamb = RtH x PT
tp = a /21600
for example :
if tp = 2ms and Itrms = 3A
PT =2W and o =43°
Tc=92°Cif Tj = 100°C
Rt = 21°C/W

if Tj = 100°C and Tamb < 50°C

MICROELECTRONICS
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Example on AVSO08 :

P (W)
180°
TN e
— ‘ o - 120° S
| ~L 11
4 | X = 90 J /p
»
o = 60° 1 >>{//
Py 30° >§>/,§
N%\//
IT(RMS) (A)
O | 1 |
1 2 3 4 5

Annex : AVS demo board

COMPONENT LIST FOR AVS08.

Figure 1 of the AV08 data sheet

DESIGNATION QTE REFERENCE OBSERVATIONS MARQUE
PRINTED CIRCUIT 1 4751
RESISTANCE 1 R1 1 MOhms 1%
RESISTANCE 1 R2 18 KOhms 1%
RESISTANCE 1 R3 91 KOhms 1%
RESISTANCE 2 R4 9.1 KOhms 1W
RESISTANCE 1 R6 390 Ohms 5%
DIODE 1 D1 1N4007
CONDENSATOR 1 C1 100 pF 5%
CONDENSATOR 1 c2 33uF 16V RADIAL
TRIAC 1 IC2 AVS08CB SGS-THOMSON
INTEGRATED CIRCUIT 1 IC1 AVS1BCPO08 SGS-THOMSON
SUPPORT 1 Cl 8 PINS
INVERTER 1 Swi MINIDIP
SOCKET 1 SL 3W 3 PINS WEIDMULLER
PLUG 1 BL3 3 PINS WEIDMULLER

Lyy $55.THOMSON
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I- TV EAST/WEST CORRECTION
GENERAL PRINCIPLES

1.1 - INTRODUCTION

All color picture tubes which are used in the present
TV-sets have a magnetic deflection system. Using
a homogenous magnetic field, we have generally
a pillow-distortion of a rectangular picture on the
screen. This is mainly due to the tangens relation
between the deflection angle and the beam posi-
tion on the screen

Using a well dimensioned and optimized in-
homogenous magnetic deflection field, this distor-
tion can be eliminated completely for picture tubes
with a deflection angle of 90°. In the same way the
pillow-distortion of 110° deflection tubes can be
eliminated in the vertical direction (North-South
direction). But until now the distortion in the hori-
zontal direction (East-West direction) can not elim-
inated with special designed deflection yokes. A
distortion remains in Figure 1.
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Figure 1 : Test Grid on a 110° Color Tube
T L7
VT
CEEEEE
S o
! * [
- — 4
.
S A
ST
V91E-W-01

In order to compensate this effect, the horizontal
deflection current in the yoke must be modulated.
This means a large amplitude of the deflection
current in the middle of the screen and a small
amplitude on the top and the bottom of the screen.
The general behaviour of the deflection currents is
illustrated in Figure 2.
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Figure 2 : Horizontal and Vertical Yoke Current (T = 64us, Tv = 20ms)
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In this picture Ty and TH are the time periods for
the vertical and the horizontal deflection. Note that
the envelope of the horizontal yoke current must be
a parabola with the same phase as the vertical
saw-tooth current. This means an East/West cor-
rection can be reached by modulating the horizon-
tal yoke current with a parabola.

There are different possibilities to modulate the

yoke current. The most convenient modulator is the
so-called Diode Modulator described in the next
chapter.

1.2 - DIODE MODULATOR PRINCIPLE

Let us consider the basic circuit of the horizontal
deflection unit as shown in Figure 3.

Figure 3 : Basic Circuit of the Horizontal Deflection Power Stage including Modulator
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For the sake of simplicity, the electronic switches
(diodes and transistors) are drawn as simple
switches S+ and S2. The deflection time Th of 64us
can be divided in two parts : the scan time Ts at
which the electronic switches S1 and S2 are closed
and the flyback time Tr (S1 and Sz opened). The
total time period is the

Tu=Tr+Ts (1.1)

We assume now that the line transformer L1 have
a neglectable high inductance and the time behavi-
our is mainly determined by Ly, Lm, Cy, Cm. Small
modifications are necessary to consider also the
electrical characteristics of Ltr, but they should not
be discussed here.

During the scan time the inductors Ly and Lm are
directly connected to the voltage sources Vo and
VM :
Viy =Vo—-Vm (1.2)
Vim = VM (1.3)
Neglecting any power consumption in possible se-

ries resistors, the current in the two inductors in-
creases linear in time :

S1 and Sz closed
(scan time)

R (1.4)
Y

. tVMm

Im = g (1.5)

Since the current iy and iLm must be zero-symmet-
rical (average value = 0), the peak value of iLy and
iLm is obtained after half of the scan time Ts/2
iy = Ts (Vo - Vm)
2Ly
iLm = LEAL)
2Lm
After this time, S1 and Sz are opened and the
energy in the inductors Ly and Lm changes to the
capacitors Cy and Cm. We assume now the same
resonance frequency for both LC parts

(1.6)

(1.7)
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LyCy=LmCu=LC (1.8)

Under this condition, both capacitors Cy and C
have its peak voltage at the half of the flyback tin
Tr/2. The energy in the inductors stored at the er
of the scan period

EL= LG)? isthen (1.9)
completely transformed into the capacitor
Ec= % C (Vo (1.10)

Under this condition, we obtain the general equ:
tion for the peak voltage in the middle of the flybac

period
Yo = i VE + Viar (1.11)

This voltage is the addition of the initial voltage an
the voltage increase due to the energy transfe
With (1.6) and (1.11) we get

A A
Vo-Vum T
VLY=VCY:—H?S+(VO—VM)

=Mo-Vm) (1 - ZH)
in the same way (1.7 and 1.11) we obtain

A A Ts
Vim=Vem=Vm (1 - 2@)

(1.12)

(1.13)

The resulting peak voltage during the flyback tim
at the line transformer is then

Virm = - Viy -V Ts
LTR = - VLy - LM=VO(2\/L—_1)

(1.14)

Please note that in this circuit, the horizontal flybac
voltage Vitr (1.14) is independent from the modt
lation voltage Vm, though the yoke current ILy ca
be changed via the modulator voltage Vm (see 1.€

An overview of the currents and voltages is give
in Figure 4.
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Figure 4 : Currents and Voltages of the Basic Circuit
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For a practicat application, a large capacitor Cs can
be inserted in series to the yoke to get an S-correc-
tion of the deflection current ILy. Simultaneously,
the voltage Vm can be grouded to have a simpler

handling of the modulator driver. The switch S1 is
a standard high voltage power transistor (e.g.
BUS08A or S2000AFl), the switch Sz can be re-
placed by 2 diodes as shown in Figure 5.

Figure 5 : Standard Diode Modulator with Class-A Moduiator Driver
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Normally, the current Im into the modulator voitage
source is positive and Vm must only be realized as
a variable resistor (e.g. transistor Twm).

Many manufacturers use this simple diode modu-
lator with such active load. A disadvantage of this
application is the power consumption in the power
transistor Tm (~2W). Under ideal conditions, Vm
should have no power consumption (average

im = 0), but in practice the coils and the line trans-
former are not free from parasitic resistors. Further-
more a reasonably large power is used from the
various loads on the line transformer.

An improvement from the power consumption point
of view is the use of a switched power stage Vm.
For this purpose, an additional inductance Ls
(5...20mH) is used and connected as shown in
Figure 6.

Figure 6 : Standard Diode Modulator with Class D Modulator Driver (pulse-width modulator)
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Point A is biased from a pulse-width modulated
rectangular wave. The frequency is arbitrary, for a
simple pulse-width modulator, The horizontal line
frequency is used normally.

Figure 7 : Pulse-Width Modulator

1.3 - PULSE-WIDTH MODULATOR PRINCIPLE

The pulse-width modulator for driving the diode
modulator contains mainly one power comparator
with the external circuitry shown in Figure 7.

Vpar 1\/—\/_
i :
S -1t
I 4 : ‘
YOKE | :
vertical ‘ :
\ /\
\ t
Vpar O~ 14—
R, == Ck
==
i,
M\ =c
I
=

to diode modulator

[ G 'S A T
-

flyback pulses from
the line transformer

V91E-W-07

6/35

126

£ SGS-THOMSON
Y MicRoclECRONICS




APPLICATION NOTE

The working frequency is determined by the linear
saw-tooth voltage biasing the positive comparator
input. It is generated by the flyback pulses of the
line transformer. The current sink on the positive
input discharges the capacitor Cs during the scan
time Ts and yields the negative slope of the saw-
tooth voltage.

The negative input is biased from a parabola volt-
age, its generation is discussed later.

To improve the performance of this pulse-width
modulator, a feedback path Rk is provided com-
pensating variations in the power supply Vcc of the
comparator. The capacitor Ck together with Rin and
Rk serves as a low-pass filter to suppress the line
frequency coming from the comparator output.

If the current Is in the inductor Ls (see Figures 6
and 7) is only positive, the output stage can have
a simple darlington transistor and a diode as seen
in Figure 8.

Figure 8 : Comparator Output Stage, only posi-
tive modulator current Is is allowed

D
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If the darlington stage is switched on, the current Is
is flowing through Ta and Tg into ground. Other-
wise, the diode D is conducting and Is flows into
the supply voltage.

The power, consumed normally in Lm (see Fig-
ure 5) is then redelivered into this supply voltage.

A greater flexibility in the design of the diode mod-
ulator can be reached, if the current Is is allowed
to have negative values. For this case, the compa-
rator power stage must be realized as push-pull
stage (see Figure 9).

Figure 9 : Comparator Output Push-pull Stage,
negative and positive modulator cur-
rent ls allowed
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Due to the voltage drop across the transistors and
diodes, the transition from positive values Is and
negative values |s yields a voltage step on the
output as illustrated in Figure 10.

Figure 10 : Voltage on the comparator output by zero crossing of Is
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In this case the steps in the output voltage produce
an additional undesired modulation of the yoke
current. Then you can see some irregularities in the
vertical lines of the test grid on the screen. With the
aid of a reasonable large fedback factor (small Rk,
small Cs, large parabola amplitude) this effect be-
comes neglectable.

1.4 - GENERAL CONSIDERATIONS TO
GENERATE THE CORRECTION PARABOLA

The correction parabola which drives the pulse-
width modulator (Figure 7) must have the same
frequency and phase as the vertical deflection
current in the yoke. Therefore, the parabola can be
generated directly from the vertical saw-tooth sig-
nal which drives the deflection output stage. Prin-
cipally there are two different kinds for generating
the parabola:

a) integrator-network (linear)

b) functional-network (non linear)

Let us consider first the integration method :

The vertical saw-tooth signal can be described with
the following simple equation, valid for one period
t
Tv
where A is the amplitude, Tv the time period and t
the time.

Ssaw-tooth () = A 0<t<Tv (1.15)

Integrating this signal we get

t A »

saw— dt=) A—dt=——
J.; Ssaw-tooth (1) J.lo Tv dt 2Ty t
Since the relation between the current and the

voltage on a capacitor is given by
Ve =Jicdt (1.17)

the parabola can be obtained directly from the
coupling capacitor Cy in the vertical output stage
as illustrated in Figure 11.

(1.16)

Figure 11 : Vertical Output Stage and Corresponding Voltages
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Due to the aging and the temperature dependence
of this (electrolytic) capacitor Cy, some manufac-
turers prefer to generate the parabola from the
voltage drop across Ry (Vmy) with the aid of a
separate integrator.

Due to the small amount of active and passive
components, this integration method is the usual
method to realize the East/West correction circuit
with discrete elements.

The functional network realization requires a quite
larger amount of active components and is there-
fore especially suited for integrated circuits. The
input signal for this kind of parabola generation is

8/35
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also the vertical saw-tooth signal corresponding to
(1.15). With the aid of a functional (square) net-
work, the square of this signal can be formed
according to the following equation :

Sparabola = K (Ssaw-tooth — 80)2

- a2
_k(ATV Ao) (1.18)

and is illustrated in Figure 12.

Thereby, k is the gain and Ao is a DC-level which
aliows to adjust the symmetry of the parabola
("trapezoidal" or "keystone" correction).
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Figure 12 : Generation of the Parabola with Functional Network
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Comparing the two methods, the following proper-
ties are evident :

— the parabola amplitude using the integration
method is frequency dependent : assuming a
constant amplitude of the saw-tooth signal, the
amplitude of the parabola is linear in the time
period Tv (see 1.16) . This means different ad-
justments between 50 and 60Hz TV-sets. The
functional (square) method gives a frequency-in-
dependent amplitude of the parabola, if a con-
stant saw-tooth signal is provided.

— during the flyback time of the saw-tooth signal,
the functional network produces a second (par-
asitic) parabola as shown in Figure 12

Although this parasitic parabola is present during
the vertical flyback time (dark screen) this small
parabola (like a spike) produces a damped oscilla-
tion of the diode modulator. The resultis a damped
sinusoidal vertical line on the top of the screen, if a
test-grid is on the screen (the vertical lines are
similar to a crutch-stick).

The maximum amplitude of this oscillation is pres-
ent on the left and right top of the screen. Though
its amplitude is normally only about 3mm, this effect
must be suppressed.

This can be reached by two different methods :

— the linear saw-tooth voltage generating the pa-
rabola must have an extremely small flyback
time. Then the very small parasitic parabola is
integrated in the capacitor Ck of the comparator

&y SESTHOMSON

and has no effect (see Figure 7). The saw-tooth
voltage coming from the vertical oscillator fulfills
this requirement wherefore the deflection yoke-
current has a too large flyback time.

— another possibility is to hold the parabola signal

constant during the flyback time as illustrated in
Figure 13.
This behaviour can be reached by providing a
parabola output limitation and then overmodulat-
ing the functional network during the flyback
time.

Figure 13 : Modified parabola : constant during
the flyback time
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Overcoming the problems of the parasitic parabola,
the functional method should be preferred due to
the independence of the frequency (50/60Hz com-
patibility).

The nonlinearity which forms the parabola can be
realized in two different ways :

— use of an analog multiplier

— forming a nonlinear network by piece wise linear-
ization.

1.5 - ADJUSTMENTS

1.5.1 - Horizontal size adjustment

Adjustment of horizontal amplitude is made by
modifying the mean cyclic ratio (duty factor) of the
output pulses. When this mean cyclic ratio is mini-
mum, the picture width is maximum, because the
output is more frequently in the low state, and
therefore the highest current is drawn from the
diode modulator and the deflection current is max-
imum.

Figure 14 : Horizontal Size Adjustment

To change the mean cyclic ratio of the pulse train
(in addition to the change due to the parabolic
shape of the signal) it is necessary to change the
continuous level of the sawtooth pulse train (see
Figure 14).

The rise of the continous level of the parabola is
due to the increase of the cyclic ratio, as we have
seen above. The value of pincushion correction is
not modified since the parabola peak-to-peak am-
plitude is kept the same. Only the mean cyclic ratio
varies, i.e. also the horizontal scan width.

1.5.2 - Pincushion correction adjustment

Pincushion correction is made by varying the peak-
to-peak amplitude of the parabola. The greater this
amplitude,the greater the variation of the output
signal cyclic ratio is between the ends and the top
of the parabola, and therefore the more important
is the parabolic modulation of the current drawn
from the diode modulator (see Figure 15).
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Figure 15 : Pincushion Correction Adjustment
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1.5.3 - Trapezium correction adjustment (keystone correction)

Trapezium correction is made by modifying the symmetry of the left and right sides of the parabola (Figure

16).

Figure 16 : Keystone Correction

Line sawtooth
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<« PWM output
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Deflection
current
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picture picture picture picture
Picture broad at top and Picture narrow at top and
narrow at bottom broad at bottom VO1E-W-16
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1.6 - PRODUCTS PRESENTATION

All the East/West correction devices are with class
D diode modulator driver. Concerning the frame
parabola generation, TDA4950, TDA8145 and
TDA8146 use a non-linear network whereas
TEA2031A uses an analog multiplier. TDA4950
and TDA8145 generate a parabola with a fixed
shape; this shape is different between the two
devices and makes the TDA4950 intended for stan-
dard CRT and TDA8145 for square tubes. These
two devices have a parasitic parabola suppression
(during vertical flyback time) by current limitation.
TDA8146 has a programmable parabola shape
generation Il;)*segments which makes it suitable for
different CRTs. It has also a parasitic parabola
suppression by pulse during vertical flyback.

All the devices can support a keystone correction
adjustment (parabola symmetry) and have
50/60Hz capability. Some others adjustments are
possible (picture width...).

Finally, another available device the TDA8147 has
been designed for use in the East/West pincushion
correction by driving a diode modulator but since
this device has not the parabola generator and is
drived by a PWM, it is very useful in digital TV-sets.

A detailed description about all the devices is done
in the next chapters.

12/35
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Il - TEA2031A GENERAL DESCRIPTION

1.1 - INTRODUCTION

The TEA2031A circuit comprises (see Figure 17) :

an analog multiplier that uses a frame sawtooth

signal applied on Pin 1 so that the current on Pin 7

has a parabolic modulation.

This multiplier operates in current differential mode

and uses a reference DC voltage, selected accord-

ing to the continuous level of the sawtooth voltage,

and applied on Pin 2.

The level of this DC voltage also serves to correct

trapezium distortion.

— a reference voltage available on Pin 3 that can
be used (via a voltage divider) to provide input 2
of the multiplier with a reference voltage.

— a current generator, producing a line frequency
sawtooth signal by integrating the line flyback
signal and generating current available on Pin 8.

— a comparator controlling the output stage by
using the line sawtooth signal applied on its
+input (Pin 8) and the parabolic signal generated
by the multiplier and applied on its -input (Pin 7).

An output stage that can absorb or deliver current
and comprises a diode connected to the DC volt-
age supply in order to limit the voltage applied on
the output terminal during line flyback. This stage
enables the diode modulator of the line scan circuit
to be driven directly with a maximum current of
0.5A.

This maximum current that the output can absorb

is not limited by the size of the transistors but by

the maximum power dissipated by the package

(Minidip).
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Figure 17 : Block Diagram
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1.2 - PARABOLA GENERATION 11.2.1 - Multiplier stage operation

Using a fixed continuous current and a vertical | e multiplier inputs (Pins 1 and 2) operate in
sawtooth current, the multiplier generates an out- ~ current differential mode (Figure 18).

put current on Pin 7 with parabolic modulation.

13/35
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Figure 18 : Multiplier Stage

TEA2031A

Vier = 6.5V

ov
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The output current is given by :
i7 = i7pc — K (it — i2)°

izoc and k depend on the current reference on
Pin 3.

Remarks : As we can see, the two inputs can be
inverted and the slope of the sawtooth has no
influence on the parabola shape.
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Il.2.1.a - Operation without keystone correction

In order to eliminate supply and thermal drift influ-
ences, Ri1 is taken equal to R2. In this case,
Vipc = Vapc (Figure 19).

11.2.1.b - Operation with keystone correction

In order to correct keystone correction, V2 voltage
becomes adjustable. In this case, the parabola
shape presents a dissymmetry (Figure 20).

MICROI & CS
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Figure 19 : Operation without Keystone Correc-
tion

Figure 20 : Operation with Keystone Correction
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11.2.1.c - Example of applications

1. Sawtooth coming from the horizontal:vertical
processor (e.g. TDA8185, TEA2028B, ...)
In this case, Vipc = 2.5V (Figure 21).
For practical reason, the DC voltage comes
from internal voltage reference.lmpedance
value seen between Pin 3 and ground must

Figure 21 : Sawtooth coming from H/V Processor

be 22kQ for best conditions of operation (to
have the good internal current reference).

2. Sawtooth coming from the vertical output stage
(Figure 22)

In this caseVipc = OV and R1 =R2 + % RT2

TEA2031A

4l

| [4
39kQ 39kQ » 10k €2
15 Reference

I

+3.8V
+2.5V
+1.2V
oV - 47kQ
Typical Frame Saw-tooth 3.9kQ Keystone
Adjustment
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Figure 22 : Sawtooth coming from Vertical Output Stage
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1.3 - LINE SAWTOOTH GENERATION

The line sawtooth signal is applied as a reference
at the +input terminal of the comparator. It is ob-
tained by integrating the line flyback and the con-
stant current discharge of capacitor C3 in Pin 8
(Figure 23).

1.3.1 - Role of resistors R7, R8, RT1 and D2

By means of the voltage divider bridge comprising
resistors R7, RT1 and R8, a signal thatis the image
of the line flyback signal applied on R7, is obtained

Figure 23 : Line Sawtooth Generation

on the slide contact of potentiometer RT1. The
peak amplitude of this signal depends on the nom-
inal voltage of the Zener diode D2 and on the
adjustment of RT1.

The role of Zener diode D2 is to maintain a constant
amplitude of the signal on the slide contact of RT1
whatever the variations in amplitude of the line
flyback signal.

This diode D2 can be also replaced by a single
diode connected to a regulated 12V or 15V power

supply.

J—L Line Flyback (16kHz)

R7

il

D1

Line Sawtooth

. N\

Parabola (50Hz)

R8

C3
N l

TEA2031A

VIO1E-W-23
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APPLICATION NOTE

11.3.2 - Role of diode D1 and capacitor C3 rectly on the value of capacitor C3 since itis defined
During line flyback, diode D1 rapidly charges ca- DY the discharge current of the capacitor and the
pacitor C3 at the potential available on the slide  ine period (Figure 24).

contact of RT1. This amplitude can be calculated using the follow-
Then during line scanning, D1 is blocked and C3 is ing equation :
discharged at constant current (about 50pA) dt - is
through Pin 8. Vg (peak-to-peak) = 3
The peak-to-peak amplitude of the line frequency
sawtooth signal obtained in this way depends di- where Dt = duration of line and i = current in Pin 8.
Figure 24 : Peak-to-peak Amplitude of Sawtooth Signal versus Two Different Values of C3 (with RT1 =
constant)
A C3 = 10nF C3=3.3nF
Line Flyback Voltage Sawtooth Signal

| on RT1 Slide Contact onC3
‘ Same

, ' < = Peak
- 250mV i \/K \: 0.8V Level

A Line Flyback Voltage on R7
|

VO1E-W-24

The continuous level of this sawtooth signal is set by adjusting potentiometer RT1 (Figure 25).
Figure 25 : Continuous Level of Sawtooth Signal for Two Different Adjustments of RT1

A s, 53

' Voltage on RT1 N
| Slide Contact !
; Sawtooth Wave C;)minuous
‘ l onC3 Level
i
v = = = e e ey
1‘7 VO1E-W-25
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APPLICATION NOTE

1.4 - OUTPUT STAGE
The output stage is controlled by the comparator
fed by signals applied on its inputs, i.e. the saw-

Figure 26 : Output Stage

tooth signal at line frequency on +input (Pin 8) and
the parabola at vertical frequency on -input (Pin 7)
(see Figure 26).

RT3

4

TEA2031A

® VO1E-W-26

The comparison between the 50Hz parabola and
the sawtooth signal at line frequency (16kHz) pro-
duces pulses at line frequency with a duty cycle that
is modulated at vertical frequency. This allows, by

means of the diode modulator, the modulation of
the line scanning current during each field period
in order to carry out the pincushion correction (or
East/West correction) (see Figure 27).

Figure 27 : PWM Output Signal (with adaptation of time scales)

Input *
Pin7
. Input -
Pin8

|
| Continuous
| Level

ov -

T

Output
Pin 5

ov -

L ¢

V91E-W-27

The role of the filter C2 and RT3 + R6 is to suppress the line frequency of the feedback output signal.

18/35
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APPLICATION NOTE

11.4.1 - Operation of the Output Stage

The operation of the output stage can be consid-
ered as 3 separate cases according to the 3 possi-
ble states of output Pin 5.

Figure 28 : Output in Low State

I1.4.1.a - Output in the low state (Figure 28)

In this case resistances R6 and RT3 are connected
to the ground, therefore they are in parallel with R5,
according to the following diagram.

I~

Output Low State

\F

c2 \ ov
§1rw 11 i
—s —7} B 51
V8 <V 7 ’
Saturated «
.
TEA2031A

ov

VO1E-W-28

The continuous level and the peak-to-peak ampli-
tude of the parabola are at their minimum when the
RT3 value is minimum.

It is possible to calculate the voltage for a given
point of the parabola (Pin 7) using the following
equation :

RS- (R6 + RT3)

R5 + R6 + RT3

The capacitance of C2 is neglected as this capac-
Figure 29 : Output in High State

V7o =i7 -

itor is equivalent to an open-circuit at vertical fre-
quency.

11.4.1.b - Output in the high state (Figure 29)

In this case, resistances R6, RT3 and R5 form a
voltage divider bridge which returns on Pin 7 and
capacitor C2 part of the continuous voltage avail-
able on the output terminal that is added to the
parabola voltage.

The equivalent circuit diagram is the following :

F R5
il
S |
'y
18— 7——{s—— s
Vg <Vy Ci,\) Vec -1Vp 7l\*
G \./
‘ S5
TEA2031A

‘ | Continuous level
I is maximum when

RT3 is minimum

o il

VI1E-W-29

It is possible to calculate the voltage for a given point of the parabola (Pin 7) with the following equation :

RS- (R6 + RT3)

V=17 ae Re + RT3

Lyy SGS-THOMSON

RS

5 R5 +R6+ RT3
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APPLICATION NOTE

11.4.1.c - Output with commutation

In this case and if capacitor C2 is eliminated,
Figure 30 gives the signal obtained on Pin 7. It

Figure 30 : Output with Commutation (without C2)

corresponds exactly to the levels and amplitudes
of the parabolas for output in the high state and the
low state, linked by 16kHz commutations.

V7 A
TTTN N
y A

AT

ov

Parabola level
-— for high state

N output

~-— 16kHz commutations

\ Parabola level
\\ —=— for low state
output
e

VO1E-W-30

In normal circuit configuration, capacitor C2 is con-
nected and constitutes a filter with R6 and RT3. The

Figure 31 : Output with Commutation (with C2)

preceding signal is filtered and is transformed into
the signal shown in Figure 31.

V.

!

ov +

Mean continuous level
as a function of the
cyclic ratio of the

| output pulses

et VO1E-W-31

The 16kHz line frequency component has disap-
peared in the signal and only the 50Hz parabola
remains, but slightly modulated at line frequency
by the C2 charge when the output is in the high
state, and by the C2 discharge when the output is
in the low state; this gives a tiny triangular modula-
tion signal.

So the continuous level of the parabola depends
only on the cyclic ratio of the output pulse train. This
level can be calculated by means of the following
equation : Vmean = M - Vzh + (1 - M) - V7o

where

M : output pulse cyclic ratio

V7n 1 mean level on Pin 7, output blocked in the
high state

V7 : mean level on Pin 7, output blocked in the
low state

20/35
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We see that, when the cyclic ratio increases, the
continuous level of the parabola also increases and
approaches its maximum level when the output is
in the high state. Conversely, when the cyclic ratio
decreases, the continuous level of the parabola
also decreases since it approaches its minimum
continuous level when the outputisin the low state.

11.4.1.d - Conclusion

For a given parabolic current iz, the parabola peak-
to-peak amplitude depends only on resistance val-
ues R5,R6 and RT3. Therefore by adjusting RT3,
it is possible to obtain a more or less pronounced
parabola and so adjust the importance of pincush-
ion correction.

The continuous level of the parabola depends prin-
cipally on the mean cyclic ratio at the output, and
much less on the adjustment of RT3.




APPLICATION NOTE

11.4.2 - Operation in association with the

diode modulator

In the majority of cases, the system operates by
drawing more or less high current from the modu-
lator through the connecting inductor. The current
through terminal Pin 5 of TEA2031A s entering into

Figure 32 : Operation with Diode Modulator

the circuit. It flows, either to the ground when the
output is in the low state, or to Vcc through the
internal diode when the output is in the high state
and the output voltage tends to exceed Vcc. The
circuit can also produce current.
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APPLICATION NOTE

Figure 33 : Output Oscillagrams

Voltage at Pin 7

-t
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1.5 - SELECTION OF THE VALUES OF
CAPACITORS C2 AND C3

Correct operation of TEA2031A depends partly on
the choice of these values for two reasons :

— for a given amplitude of the parabola, the impor-
tance of final pincushion correction at the output
of TEA2031A is determined by defining, by
means of C3, the amplitude of the line sawtooth
wave.

— the absence of oscillation at circuit output is
controlled through adjustment of the value of C2
as described below.

11.5.1 - Selection of C3

As seen before (chapter 11.3.2), the value of C3 and
only this value (in the limits of the available voltage
on the slider of RT1) can fix the value for the

22/35
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amplitude of the line sawtooth wave. Now this
amplitude must be greater than the parabola am-
plitude (Pin 7) but not so far in order to have a
correction amplitude sufficient but permitting also
an horizontal amplitude adjustment :

— if the line sawtooth wave and the parabola have
the same amplitude, the pincushion correction is
maximum but the horizontal amplitude adjust-
ment range is non-exutent

— if the line sawtooth amplitude is much greater
than the parabola’s one, we will have a large
range for the horizontal amplitude adjustment,
but it will be to the detriment of the pincushion
correction amplitude.

Once the desired line sawtooth amplitude has been

fixed, we can calculate the value of C3 with the

following formula

B Dt - ig

C3 Ve

where

Dt : line scan duration (around 53us)

is  : Pin 8 current (around 50uA)

Vs : line sawtooth peak-to-peak amplitude (Pin 8)

11.5.2 - Selection of C2

The selection of C2 is related to the values of R5,
Ré and RT3. The value of C2 must be large enough
to avoid any risk of oscillations at output for the
entire range of adjustment of potentiometers RT1
and RT3. The value of C2 must be small enough
not to influence the shape of the vertical frequency
parabola.

11.6 - APPLICATION EXAMPLE
Atypical application diagram is given in Figure 34.
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Figure 34 : Typical Application
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lll - TDA4950 - TDA8145 GENERAL
DESCRIPTION

lil.1 - INTRODUCTION

The TDA4950 and TDA8145 consist mainly of 5
parts as seen in the simplified circuit diagram (Fig-
ure 35).

1. Full-wave rectifier for the input current Iin.

2. Current limiter in order to limit the rectified cur-
rent IiN to the maximum value of 40pA (with

£ SGS-THOMSON
Y/ SiCRomECTHONIES

this functional block a suppression of the para-
sitic parabola is possible, see chapter 1.4).

3. Parabola network producing the current
Ia = k(In)? (k = constant).

4. Comparator and output stage working as a
pulse-width modulator for driving the diode
modulator.

5. Voltage reference and current reference which
produces the reference current Irer via exter-
nal resistor Rl between Pin 3 and Ground.

. 23/35
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Figure 35 : Simplified Circuit Diagram for TDA4950 - TDA8145
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lll.2 - DESCRIPTION ing on the sign of the input current lin.
Let us consider the blocks in detail : Assuming that IIiN is negative, the feedback loop is
The input amplifier OP1 drives the transistor Q5 or closed via the transistor Q5 and the output current
Q6. They offer two different signal paths, depend- Ics is given by
24/35
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APPLICATION NOTE

los = les [1 ESBSJZ —IN [1 Esﬁsj

where fs is the current gain of the transistor Q5. Bs
can be assumed to be more than 100, so the
mismatching between Ics and Iin is less than 1%.

For a positive current Iin the output voltage of OP1
decreases : Q5 is switched off the current lin is the
emitter current lg13 of Q6.

Its collector current Ics is given by

lce =In [1 Eeﬁe]

Since the maximum input current is 40uA, the
current gain of this PNP transistor is still high
enough to give a reasonable small error. This cur-
rent biases the current mirror Q8 and Q9. A good
matching between the current lcs and lco must be
provided. Thus the current s is given by

—Iin [1 ESBS] IIn<O

+ 1IN [1—5%&} IN>0

Neglecting the base current of Q6 and Q5, Is is
nearly the absolute value of Iin.

Note that for both signal paths, the OP1 has a
feedback factor of 1. This means OP1 must be
frequency compensated for unity gain.

|S=

The transistors Q3 and Q4 work as a normal current
mirror if the current Is plus Ie is smaller than the
current lim :

2 Is < lim

In this case the excess current is shunted via the
PNP transistor Q1.

If the current Is becomes higher
Is > him/2

‘7 SGS-THOMSON
] CRoE ECTRONICS

the transistor Q1 switches off and Q2 picks up the
current Is from the rectifier which exceeds the
maximum value of lm/2.

Using the proposed reference resistor Rl between
Pin 3 and Ground (11kQ) the current {e can be
described with

e JhN

| 40pA lin > 40pA

The parabola network produces an output current
1a which is approximately a parabola : Ia = k Ig

lin < 40pA

The parabolic behaviour Ia is obtained via piece-
wise linear approximation. For this purpose the
identical resistors Rz are connected with the four
emitters. The four different biasing currents iz, 3iz,
5iz, 7iz yield four different threshold voltages, so
the four emitter currents of Q11 are switched step-
wise. A schematic illustration of the single emitter
currents leq11 (1...4) of Q11 as a function of the
current Ig is given in Figure 36.

Due to the exponential character of the emitter
current as a function of the base emitter voltage,
the output current la is smoothed.

For designing the values of Rz and iz of this parab-
ola network we must take a compromise between
the smoothing effect and the temperature depen-
dence. Small values of Rz and iz yield small thresh-
old voltages for the 4 emitters of Q11. This means
a good smoothing of the edges, but a worse tem-
perature dependence.

Large values of Rz and iz yield the opposite resuilt.
Practical experiences show that a value of 0.5V for
the 4th emitter (R13 7iz) for Iin= 0 gives an accept-
able cmpromise.

Due to different values of resistor Rz, the TDA8145
is adapted to flat square tubes (see Figure 37 for
the two different shapes of the parabola).

25/35
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Figure 36 : Transfer Characteristic of the Parabola Network

*

I" (mA)
I leqi1 (MA)

e (1A)

VI1E-W-36

Figure 37 : Parabola Shapes for TDA4950 and

TDA8145
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The parabolic output current |a produces a corre-
sponding voltage drop across an external resistor
between Pin 7 and Ground (18k€2). The additional
constant current source lo shifts the D.C. voltage
level to achieve an appropriate operating point of
the comparator. Its non-inverting input is connected
with a horizontal saw-tooth voltage. For this pur-
pose an external capacitor is connected with Pin 8
and Ground which is discharged with the internal
current source Ic. It will be charged with the positive

26/35
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flyback pulses produced in the line transformer
during the flyback time.

Due to the linear saw-tooth voltage on Pin 8 this
comparator works as a pulse-width modulator.
The output of this comparator controls the output
stage. If the output of the comparator OP2 is high,
Q21and Q12 are saturated. Therefore, the Darling-
ton output transistor Q19, Q20 is switched off. The
transistor Q13 and the resistor R5 acts as a current
source biasing the current mirror Q14, Q15. The
transistor Q16 is switched on.

If the output of OP2 becomes low, Q12 and Q21
are switched off. In this case the currentin Q14 and
Q15 dissappears and Q16 is switched off. Synchro-
nously the darlington stage Q19 and Q20 is satu-
rated.

In order to achieve a fast commutation from Q16 to
Q19/Q20 an active discharging of Q16 is provided
with the aid of the transistor Q17.

During a normal operation range if the output cur-
rentiour is positive, only the Darlington stage (Q19,
Q20) and the diode D1 are necessary to drive the
external inductor. With the aid of Q16 and the
intrinsic substrate diode D4 the output current iout
can become negative, too; so that the modulation
range of the diode modulator becomes larger.




APPLICATION NOTE

The Zener diode Z1 serves as the voltage refer-
ence. With the aid of the diodes D2 and D3, a good
temperature compensation can be achieved.
Using an external resistor of R = 11kQ between
Pin 3 and Ground we get an accurate and temper-
ature independent current reference to bias the
internal current sources!

1I.3 - APPLICATION

A standard application diagram is given in Fig-
ure 39.

Pin 2 is biased from a linear saw-tooth voltage, the
resistor Rin produces the input saw-tooth current.
The non-inverting input (Pin 1) is connected with
an adjustable voltage (keystone correction). With
the aid of this trimmer, the symmetry of the parab-
ola can be adjusted in order to correct a trapezoidal
error in the colour picture tube. Afurther adjustment
trimmer is responsible for the picture width and
influences only the DC-level of the comparator
input (Pin 8). (Since the discharging current sink on
Pin 8 is constant, the amplitude of the horizontal

The thrid trimmer is in the feedback path and is
responsible for the parabola correction factor. With
the aid of this trimmer the distortion on the screen
can be changed from pillow-distortion up to an
over-correction (tun-distorsion).

For some applications the keystone adjustment
trimmer is not necessary (small trapezoidal error of
the picture tube). In this case, a symmetric parab-
ola should be produced.

This can easily be obtained by AC-coupling the
input (Pin 2) as seen in Figure 38.

Figure 38 : AC-coupled Vertical Saw-tooth Volt-
age, no Keystone (trapezoidal) Cor-
rection
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saw-tooth voltage (Vpp) remains constant). V91E-W-38
Figure 39 : Standard Application Diagram of TDA4950 and TDA8145
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APPLICATION NOTE

In order to avoid any distorsion, the time constant
Cin - Rin should be at least 10 times larger than the
time period (Cin - Rin > 10 - 20ms). On the other
hand a too large time constant yields an undesired
bouncing effect in the East/West correction.

The DC voltage on Pin 1 is arbitrary.

For the sake of simplicity, connect Pin 1 with Pin 3.
Another possible application with parasitic parab-
ola suppression is given in Figure 40.

The input current into Pin 2 is generated via the
voltage drop on Rm. Due to the common mode
rejection of the input operational amplifier, the volt-
age change during the vertical scan time (saw-
tooth voltage) has nearly no effect. During the
flyback time, a positive pulse (> Vcc) is present on
Pin 1 and Pin 2. With this flyback pulse the current
limitation in the parabola generation circuit is acti-
vated and limits the parabola amplitude. Since the
flyback time is relatively long, this limitation is nec-

essary to suppress the parasitic parabola (see
chapter 1.4).

IV - TDA8146 GENERAL DESCRIPTION

IV.1 - INTRODUCTION

The TDA8146 was designed for TV and monitor
sets with various types of picture tubes, where a
programmabie parabola is mandatory. The com-
plete block diagram is shown in Figure 41.

The following features confer to this IC an all-pur-
pose suitability :

— programmable parabolic current generator

— parasitic parabola suppression during vertical
flyback

— output sink current up to 800mA and source
current up to 100mA

— vertical current sense inputs ground compatible

Figure 40 : Application of TDA4950 and TDA8145 with Parasitic Parabola Suppression
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APPLICATION NOTE

Figure 41 : Block Diagram
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V.2 - INPUT AMPLIFIER AND RECTIFIER
The input circuitry (Figure 42) is designed for a common mode range up to 12V.

Figure 42 : Input and Rectifier Principle Diagram
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The voltage drop on R1 gives on lgnp (Pin 3) : Vrt = R1 - |rer
The operational amplifier OP regulates the current through R2, thus :
Ir2 = (VR1 - VIN) / R2 = (R1 - IReF - ViN) / R2
29/35
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For Vin > 0, we note the output current of the input
amplifier In :

- IRer - VIN) / R2

For VIN < 0, we note the output current of the input
amplifier Ip :

IN = IReF - IRz = Irer - (R1

=1IR2 - IRer = (R1 - Irer - ViIN) /R2 - IRer

The rectifier is formed by Q2, Q3 and Q4. For
VIN > 0, IN flows through Q2 to the rectifier output,
thus IR =

For Vin < 0, Ip flows through Q3 from Vs into the
output of the input amplifier. Q4 reflects the Ip
current, thus the rectifier output currrent will be
Ir=Ipm = Ip.

If the sign convention of Ir is considered, we have :

(R1 - Irer — Vin) leee [BL )4 YN
R REF | R2 R2

In our case, R1 = R2 = 10kQ and Irer = 120pA
VIN

R2

Ir= —lrer| =

Thus, Ir =

If Vin is @ symmetrical saw-tooth with GND as the
average value and 1.6 Vpeak-to-peak, the rectified
peak current will be :

Figure 43 : Vertical Clamping Principle Diagram

0.8
IrRp = ——— = 80uA
10107° "

IV.3 - VERTICAL CLAMPING

To avoid the parasitic parabola during the vertical
flyback time a vertical clamp circuit was used.

The vertical clamping principle is presented in Fig-
ure 43.

The rectified sawtooth current Ir Fiows through D2
to the output.

When V goes over Vs, Q1 switches off and Q2 on.
Irer flows now through D1 to the output and Ir
through Q2 to the ground. Irc = IrRer is now the
clamped value of the output current.

IV.4 - REFERENCE AND STARTING CIRCUIT

Figure 44 presents the complete voltage and cur-
rent reference circuitry.

. 8.2v
The reference current is IRer = 100k = 82uA
To guarantee the start of the device, it is necessary

to choose the value of the resistor R5 in order to
have a minimum current of 56uA.
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Figure 44 : Reference and Starting Circuit
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IV.5 - PARABOLA GENERATOR
Figure 45 presents the simplified circuit diagram of the parabola generator.
Figure 45 : Parabola Generation
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continuous shape variations. VO1E-W-45
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APPLICATION NOTE

The parabolic behaviour of the parabola output
current is obtained via piecewise linear approxima-
tion.

Two external pins permit an external adjustment of
the parabola shape (these pins can be connected
to ground or to resistors).

The parabolic output current on Pin 12 Produces a

Figure 46 : Parabola Correction

corresponding voltage drop across an external re-
sistor between Pin 12 and ground.

As it can be seen in Figure 46 the parabola can be
corrected in the following limits :

Ves/Ve = K5 = 1.07 with Pin 5 to GND
Veca/Vc = K4 = 1.17 with Pins 4 and 5 to GND
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V |
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i 3 A i
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0.8V -0.6V 0.3V 0 +0.8V VO1E-W-46
An application specific correction can be thus obtained for various picture tube types.
IV.6 - PULSE-WIDTH MODULATOR AND OUTPUT
The simplified diagram of the pulse-width modulator and output is presented in Figure 47.
Figure 47 : Pulse-width Modulator and Output
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The non-inverting input of the comparator (Pin 11)
is connected to a horizontal saw-tooth voltage. An
external capacitor connected on Pin 11 is charged
during the flyback time and then discharged by the
internal current source generating the saw-tooth
voltage.

Due to the linear saw-tooth voltage on Pin 11, the
comparator works as a pulse-width modulator. The
output of this comparator controls the output stage.
If the output of the comparator is high, Q67 and
Q64 are saturated. The Darlington output configu-
ration Q65/Q66 is switched off. Q62 acts together
with R53 as a current source, biasing the current

Figure 48 : Application Diagram

mirror Q58/Q59. The transistor Q60 is switched on.

If the output of the comparator becomes low, Q64
and Q67 are switched off. The current through
D58/Q59 disappears and Q60 is switched off. Syn-
chronously the Darlington stage Q65/Q66 is satu-
rated. In order to achieve a fast commutation, an
active discharging of the Q60 base charge is pro-
vided with the aid of Q63.

IV.7 - APPLICATION

An application diagram is presented in Figure 48.
The internal Zener configuration on Pin 9 can be
useful in certain application.

T
D
A
Vertical 8
Flyback ~ 1
Vertical Deflection 100kQ 4
Y315 6
V
e 7 8 cc Horizontal
Flyback
200)F T nF
w =TT
+27V 47kQ 4.7kQ
—
<3 15mH
;%g:ﬁg:)r * Note : depending on flyback voltage

V91E-W-48

o7 S5 THOMSON
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V - TDA8147 GENERAL DESCRIPTION

V.1 - INTRODUCTION

The TDA8147 was designed as an interface IC
between the digital circuitry and the diode modula-

Figure 49 : TDA8147 Block Diagram

tor in digital chassis. The complete block diagram
is shown in Figure 49.

100nF
+24V

4

LoPW
modulated
Parabola

lmF
B

-
Q 47k

1omH to diode

modulator

R1

Pinning for 8 + 8 DIL package

Ic

VI1E-W-49

V.2 - INPUT AMPLIFIER

The pulse-width modulator of the TDA8147 is work-
ing with input voltages from 1V to 23V. To have the
same range for the parabola voltage an input am-
plifier is necessary. Digital TV sets deliver an ana-
log parabola or a PWM-signal with small amplitude
(2V to 3V).

An additional signal ground (SGND Pin) separates
the digital ground from the deflection circuit ground.

The internal feedback loop of the amplifier gives a
voltage gain

Ay = % +1 = 4.5 (see Figure 50)

34/35
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Figure 50 : Input Amplifier

VI1E-W-50

L7 353 THOMEON




APPLICATION NOTE

V.3 - VOLTAGE REFERENCE AND STARTING
CIRCUIT

The voltage reference and starting circuit have the
same configuration as for the TDA8146 (see para-
graph 1V.4).

V.4 - PWM MODULATOR AND OUTPUT

The PWM modulator (Figure 51) has the same
configuration as for the TDA8146. So see para-

Figure 51 : Application Diagram

graph 1V.6 for explanation.

V.5 - APPLICATION

A Standard application diagram is given in Fig-
ure 51.

Since all the adjustment of the parabola are made
by the digital processor, only the feedback loop of
the PWM modulator must be carefully designed.
The TDA8147 is well-suited for new TV concepts
with 32kHz line frequency.

il

39kQ

Ly7 353 THOMOON

AMPJ . PAR | VSF'
6 —3" 12—
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te Lt e
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APPLICATION NOTE

1 - 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 TEA2018A characteristics

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

This document also covers a description of

TEA2019 which replaces the TEA2018A in appli-

Il - TABLE OF UNITS AND SYMBOLS

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)
* Pmax = SOW (TEA2019)

Symbol Function Unit
f Switching Frequency Hz
fosc Oscillator free-running Frequency Hz
frRer Reference Frequency (TEA 2019) Hz
lout Output Current A
Ip Primary Current A
Is Secondary Current A
Lp Primary Inductance H
Pout Qutput Power w
T Switching Period s
TRer Reference Period (TEA2019) s
ton Transistor ON time s
toN(L) Conduction time fixed by current regulation s
ts Power transistor storage time s
Vac Mains RMS Voltage VRms
VBE Power Transistor base-emitter voltage \'%
ViN input DC voltage \
Vce Positive supply voltage v
Vce Power transistor collector-emitter voltage \
Vout Output Voltage \
AlcHARGE Average current delivered by the PLL of TEA2019 A
n Power supply efficiency %
Il - CURRENT MODE REGULATION

lll.1 - Description

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

57 SGS-THOMSON
Y FiCho G TRONIGS

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.

3/37
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Figure 1 : Current Mode Control

| OSCILLATOR
OSCILLATOR SAWTOOTH
' bUTPUT -
nn " FILTER
Q ISENSE w:y:_»
Error
R Ic Y \_Signal
PW
Comparator l:] *
OUTPUT
ISENSE + FLIP-FLOP
91AN2018/9-01
The main advantage of Current Mode Regulation
in Discontinuous Mode Flyback Configuration is Pour = 1. L, (|PEAK)2 fom
that it offers an efficient rejection of all input voltage 2

variations.

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

Figure 2

Variations of the input voltage have no effect on the
error amplifier output voltage.

PRIMARY
CURRENT

Constant Error Amplifier Output Voltage

IPEAK

Full input Voltage Rejection

91AN2018/9-02
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IV - FUNCTIONAL DESCRIPTION OF TEA 2018A

V.1 - Block diagram
(all values given in the following block diagram are typical values ).

Figure 3
Veor—
1
1
| |
| - 2% |
Ve REF
| ! BIAS MONITORING 24v
l | o | T
I ! "Good”
: : Undervoltage
! !
| 1
! !
| I 3
! |
Ry, Cy |
1 P44 JOSCILLATOR JL 1 I Iy B
| I & s ab—i_ k&
I RECOPY r
i | [ Output
I ! FLIP-FLOP
| MAXIMUM | -’ZI
l[ DUTY CYCLE ; L - ) — '—{
[ = — 21 R 9T soons 21
| !
-
: COMPARATOR, ]
) ] I THERMAL
[T ' * + - \ SHUTDOWN
| . x 50 |
‘ |
|
RA
I 24V VOLTAGE |
: LINITATION { =T
oo T
J-g_‘ 5 i
fsEnsE Ground— m ]

91AN2018/9-03

IV.2 - Oscillator and maximum duty cycle
IV.2.1 - Simplified diagram
Figure 4

» During Ci charge : Vin(1) = 0.66 Vcc
« During Cq discharge : Vin(1) = 0.33 Vce
* Viney = 0.56 Vce

S R, Maximum Duly Cycle __|

91AN2018/9-04
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IV.2.2 - Waveforms

Figure 5
OSCILLATOR ' i
SAWTOOTH 33 V(I:c N
| ! t
~——tCHARIGE—*L:~ tDISCHARGE
i
INTERNAL !
CLOCK SIGNAL { !
I !
COMPARATOR | | | I ! I
A (I
D! |
OUTPUT ! r l] i ¢
| i
BASE ! P
CURRENT ‘—‘/[ J—l/‘
I I I
91AN2018/9-05
PERIOD : T = {CHARGE + tDISCHARGE
* tcHARGE = 0.66 Rt . Ct T =~ 0.66 Ct (Ry + 2000)
* tbiscHARGE = 0.66 RoiscHARGE . Ct

IV.3 - Error amplifier

- The error amplifier gain is internally fixed at 30dB set the frequency response characteristics.
typical value. - Voltage Reference : The value of the reference
Internally implemented compensation networks voltage applied to the inverting terminal is 2.4 V.

Figure 6 : Error Amplifier Frequency Response Characteristics

40
S
20 ‘\
g
= AN
E] N
g 0
\V’Sain Margin = 17 dB|
AN
.20 N
-40 I
1 10 100 1000 10000
FREQUENCY (kHz) %
: 1 1 1 1
——————
- I X |
o T ! T T
§ TN 1
= - ! —~— |
£ -100 : ~.
i}
"hasf Margi{v =56
-200 R S— IR AN
1 10 100 1000 10000
FREQUENCY (kHz) 91AN2018/9-06
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1V.3.1 - Functional behaviour on low-load

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

FEED-BACK ﬂ - __V__
A
S JL -t
-1 OSCILLATOR
& & s of

R COMPARATOR
Comparator . OUTPUT VOLTAGE

BASE
CURRENT

ISENSE aVryp =~ 10 mV

91AN2018/9-07

Consequence : On low loads, the conduction frequency becomes lower than the oscillator frequency.
V.4 - Current measurement & limitation

Peak current through the power switch is set by the Clamping the amplifier output voltage at 0.63V will
error amplifier output voltage. result in limiting the Isense pin voltage at 1V level.
Figure 8

FEED-BACK
VREF

x [
]
o Ea + = ERROR AMPLIFIER \
T Rz OUTPUTVOLTAGE | ____ 0.63V
il 11 kQ -t

Vper  V*| =123V R1 0 \ —t

I ; - 10.5 kQ
d PIN 3
VOLTAGE -1V

\‘_|SENSE

91AN2018/9-08

In current limitation :

Vi=1.23V - Vg =063V

- R1 =V =-1V
V=Vt (VREF = Vens jﬁ;iﬁz (PIN3)

K 7/37
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IV.4.1 - Disabling the current monitoring function

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

Figure 9

conduction cycle (T1 period on waveforms of
Figure 9).

- All parasitics such as those generated by the
recovery of secondary-connected diodes (with-
out RC filter) are eliminated (period T2 on Fig-
ure 9).

n 4 s
1 OSCILLATOR ot~
COMPARATOR
13—
IseNse

OSCILLATOR
1
INTERNAL -
CLOCK
SIGNAL
-}
Error Amplitier
A __ N ¥ output voitage
| PiN3voLTAGE |
i =t
T i T2 i
91AN2018/9-09

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 config-
uration, this function will inhibit any new conduction

Figure 10 : Demagnetization Sensing

as long as the transformer is not fully demagne-
tized.

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

0.1v

S
0o

91AN2018/9-10

Comments :

- Demagnetization monitoring feature can be used

to implement an on-off function.

8/37
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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.

BASE
CURRENT

91AN2018/9-11

IV.7 - TEA2018A behaviour as a function of Vcc
Figure 12 : Vcc Monitoring Circuit
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Figure 13 : Waveforms
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REFERENCE
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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

Current
Qo T 704
IB(ON)
lccopy) ¥
ﬂ- Qs Q9
IB(ON)
IcicoPy) | |1 kQ
o Pulse Width Modulator
—_ - 3'1

SNUBBER

=L

OV—\I—

Re.lc

TF(SENSE)

91AN2018/9-14

Figure 15 : Waveforms
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[
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tisoN) = 0.66 x 2000 x Cr

td = 500 ns (typ)

IBON) = Re
5~ V7] - Vns
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(VNs : negative stage dropout 0.8 Vto 1 V)
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IV.8.1 - Transistor turn-on

Apulse current "Ision)" 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 : Ision) = 1V/RB

1V.8.2 - Proportional base drive

Once the turn-on current pulge Ison) has been
issued, the internal current recopy device of
TEA2018A will output a voltage Vourt such that :

Vout = V(ping)+ Vee

= Forced gain = I£= Re

Vour = Vee+Rs.ls s~ Re

Viengy= Re . lc

1V.8.3 - Transistor turn-off

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

V - APPLICATION EXAMPLE

V.1 - Customized application design
V.1.1 - Specifications

IV.8.4 - Minimum conduction time

In order to allow the discharge of snubber network,
each conduction cycle has a minimum duration
equal to ton(min).

Figure 16
£ UB(ON)
BASE i ts
CURRENT
+ / - 1
t
I I
COLLECTOR i L— tON(min)
CURRENT
=t

* toN(min) = tIB(ON) + ts

» ts : Power Transistor storage time

91AN2018/9-16

Output Power 3.3W < Pourt < 30W

Effective Input Voltage 176 VRms < Vac €245 Veus

Input Voltage for Start-up and Regulation 200 Vpc £ ViN £350 Vpe

Regulation Input Voltage after Start-up 130 Vpe < ViN £350 Vpe

Transistor Reflected Voltage Vg =210V

Switching Frequency f=27kHz

Expected Efficiency n=70%

Output Short-circuit Protection Yes

Open-load Protection Yes

2 Outputs (5V, 2A), (12V, 1.5A)
12/37
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V.1.2 - Calculation of power elements (see also section 7.1)

® VinMIN) = 200V . b;l_(L) _ 0426
(where ton() = conduction time fixed in current limitation mode)
® lpav)=0.214 ® lp(PEAK) = 1A
®Lp=3mH ® Pout(MiN) = 2.65W
® 5V Output : % <0.029 Is(PeaK) = 9.4A = Diode : BYW98 - 50
® 12V Output : Ev; <0.061 Is(PEAK) = 7.05A = Diode : BYW98 - 50

o Transistor selection

* lemax) =1A
{' Vemmaxy = VINMAX) + VR + VspPIKES =~ 800V = BUV 46A

V.1.3 - Transistor switching aid network

Figure 17

lpeak) - tr
+C= OV inF
* 3RC = tonmin)
R = 1k [ for tonminy = 3us]
Vce * Diode : BA159
\ « Maximum Power dissipated in R :

— P =1.C Vinoamcl?. 1= 1.8W

i
Ic !
1

Ip(PEAK)

[V =200V

t

_—
tF = 400 ns

91AN2018/9-17

V.1.4 - Demagnetization sensing

a. Risk of flux runaway without demagnetization overloads.

sensing Due to the minimum conduction time imposed by
In the absence of demagnetization sensing, the TEA2018A, there will be risk of flux runaway within
converter will operate in continuous mode flyback the transformer and the current through the tran-
at power supply start-up and also in the case of sistor.

13/37
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Figure 18
ViN —
.
np ng oy Vout
.
——o0
Vour =0V

of secondary winding).

TRANSFORMER
FLUX

tON(mm)
—

Flux runaway at start-up or in case of short-circuit : Vin . tongminy > V0oss - [%2 ] [T — tonminy]

(Where Vioss = 1.5 V is the voltage drop accross the rectifier diode and the resistive component

[}

i

|

T 2T 3T
91AN2018/9-18

Combining tonminy and demagnetization sensing
functions, will yield highly secure operation ensur-
ing the following functions :

» magnetic flux monitoring
« efficient discharge of snubber networks

b. Implementing the demagnetization sensing

The winding used for circuit power supply will also
reflect an image of the induced flux. The value of
the resistor "Rps" used for this function is not critical
and can fall within : 10kQ < Rps < 47kQ range.

Figure 19 : Configuration Arrangement and Short-circuit Waveforms

VN <D
y—0
-
= 3
ng =
0
lVCE

TEA 2018A

I R IRV [_=,
g

-0.6V

91AN2018/9-19

No new conduction cycle may be initiated as long
as the transformer is not fully demagnetized. On
start-up, and in the case of overloads, the demag-
netization sensing function will modify the fre-
quency of the conduction cycles accordingly.

¢ - Damping network
Once the transformer has been demagnetized,

14/37
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positive voltage oscillations produced by the dis-
charge of resonant "Lp.C" network may result in
unwanted activation of the demagnetization moni-
toring 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".

MICROELEGTRONICS
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APPLICATION NOTE

Figure 20

o

End of
" Demagnetization

COLLECTOR-EMITTER
VOLTAGE

-t

' New Conduction
A" not allowed

et

TEA 2018A

PIN7
VOLTAGE

—p t

91AN2018/9-21

Figure 21

UNDERDAMPING CORRECT DAMPING OVERDAMPING

A

vee A

Delay
)

VMAX TVIN

Rp+R<< 2 Le RD+R:2\’£ Rp+R>> 2 Le
C C (¢}
91AN2018/9-21
Lp L
m Resistor : Rp =2 TP_ R = 2.2kQ
RD DD
u Power : P< % . (Viax - Vi) - T~ 2.6W
R D
c m Diode : lrms 2 Iprms)

(BA 159) VoMmax) = Va+ Vspikes

91AN2018/9-20

d - Transformation ratio considerations

Oninitial start-up, due to demagnetization monitor- rise in multiples of the normal operating frequency

ing function, the value of conduction frequency will "f" as illustrated below :
BEGINNING END
OF OF
START-UP f/n > f/n-1 . - /2 > f START-UP
- 15/37
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APPLICATION NOTE

Employing a conventionally calculated transformer, the converter will stop operating at "#/2" frequency.
Figure 22

VIN Is
L] ~
g Ers P v/ |
Lp 2 oM }--- ;
[ ] : /\
i
et +—t 1 ot
| 0 tonw T 2T
P TRANSFORMER FLUX
91AN2018/9-22
At frequency "f/2" : Combining (1), (2) and (3) :
g o P
P=3 L0 5= ns _ Nour *+ Vol [T = toy )
np B [VIN(MIN) " tON(L)] \[5
Vv h
7% \/'2_

V.1.5 - Oscillator
The converter operating frequency will switch from

"f/2" to "f" if the following condition is satisfied :

The value of capacitor "Ct" is calculated as a
function of :

ton + tDM < T (1)
* ton(min) : = 3us

(@f/2 frequency) + ton(min) = tiBON) + tsTORAGE | Ci=1.2nF

=L .=V ot 2 * tSTORAGE = 1.5us Ct>470pF

Pu= e = vy fon) @ « tiBoN) = 0.66 Ct . 2000

(where t.,,, = conduction time fixed in current

limitation mode) The value of resistor Ry is calculated as a
v function of period T as follows :

ns
du=Ls b= 1) = B o )

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

16/37
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APPLICATION NOTE

V.1.6 - Power transistor base drive

The "Re" resistor is calculated as a function of nected to pin 3 "isense” to protect the device
"current limitation" and the resistor "Rg" as a func- against mains-generated transitional overvoltages.

tion of "forced gain". Resistor "Rp" can be con-
Figure 23

Mains

-

3 J
Rp
RECTIFIER
BRIDGE 100Q Re

! |
_/L_ Transient C B

BUV 46A

Y 1 o
P g ]
MAINS vitua! =
FILTER Raf] & '8

91AN2018/9-24

Current limitation

V ping = 0-88V (current limitation threshold value)

*R, = 100Q

R3

Veens = R, +R3

‘R lg=>R.=1Q {-R3=1Q

-l 1A

CMAX) =

Gain calculation

B

BRIV R3

V(PINB) =g -lg+Vipng =ﬁp_+—R3 -Re -l = Ry;=8.2Q

canx, = 1A = Transistor : BUV46A = Forced Gain = L_9

17/37
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APPLICATION NOTE

V.1.7 - Self-supply

Power supply start-up

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

Figure 24

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

ViN(DC)

l

ICHARGE

« C = 220pF

* Vco(START)MAX = 6.6V
* lccMax) = 1.6mA

* tsTART = 38

E TEA 2018A

The value of R is calculated to yield maximum start-up time.

VINT

to

' ,
b tsTART— 91AN2018/9-24

Vecstarmmax - C

* IcHARGE =
tSTART
CR o Vacn . N2
lccmax) + ICHARGE
*R =120 kQ

a - Positive self-supply : Vec

The Vce supply is provided by a flyback-type wind-
ing. The number of turns "n" is selected to yield a
voltage "V" of approximately 10V.

Within the self-supply arrangement, the resistor
"RF = 15Q" in combination with the capacitor of

Figure 25

Vcc, 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 TEA2018A in
case of any short-circuit on low-voltage windings.

1N4148

91AN2018/9-25

is sufficiently high to meet the power
supply requirements without Rr

18/37
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APPLICATION NOTE

b. Negative Self-supply : V'
A negative supply voltage "V™ is required for effi-
cient 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 independent from the input voltage
(VIN > 200V).

The "Cs" capacitor will accelerate V- settling pro-
cess upon the initial power supply start-up. Resistor
"Rs" is used to limit the current upon the negative
power supply setup.

Figure 26

91AN2018/9-26

V- Y 3.9V
4.7uF

~IszI§XE—Fz15mA

[V'N : nﬂp]— av-1Ivh
lcav)
= 230Q (@ VIn = 200V)
Prefered value : Rs = 15002

* Rsmax) =

‘71- SGS-THOMSON
! BICROELECTRONICS

V.1.8 - Regulation
As illustrated in Figure 28, the self-supply winding
is also used for voltage regulation.

To avoid the power drawn by TEA2018A to influ-
ence the regulation, the supply for regulation is
generated by a source independent from "Vcc".

Figure 27

R 1 Nlﬂi 48

1N4148

91AN2018/9-27

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 Vcgstor),
consequently TEA2018A stops operating and its
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 "Vee(starT)" level.

The system will function in relaxation mode as long
as the overload persists.

19/37
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APPLICATION NOTE

Figure 28
A
POSITIVE VCC(START)
SUPPLY ! - =
VOLTAGE -
Vce(stop) -t
A
COLLECTOR
CURRENT I’L n n r‘——
ENVELOPE
T T - t
! 1
Short-circuit
91AN2018/9-28
V.1.10 - Operation on Low-loads
When the output power falls below : . . . .
the regulation becomes incompatible with the op-
R erating frequency ", conduction cycles occur in a
p _ Vi - Lonan) f random fashion and at a frequency lower than "f".
OUT(MIN) — 2.L, Tm
Figure 29
OSCILLATOR |
SAW-TOOTH e
]
: -t
i
! tON(min)
COLLECTOR ’l'_"'
CURRENT r/' J-‘l
91AN2018/9-29

Note : This event has no impact on the power supply reliability.

20/37
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APPLICATION NOTE

VI - FUNCTIONAL DESCRIPTION OF TEA2019

VL1 - 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"

VI.2 - Block Diagram

an internal PLL which allows synchronization of
the power transistor turn-off with an external clock
signal

power transistor desaturation monitoring
possibility to dissipate externally the power re-
quired for transistor base drive

Figure 31
is Vee Vaux
[5 - 3 jj2
A }
I %0'1\” v o Vo SWITCH i
PLL ] | 1 CC "good” cc Y
OUIEB i + - | Bias ...D-
| PHASE |
1 LOCKED I Demagnetization U 3
1 Loop Sensing
SyncD}L_ !
[ Sampling I
| Pulse [ ﬂ
| |
: |
Ri|9 ! -
E : 0SCILLATOR Il : e LT3 " e | T >
! RECOPY 1
: ; i Output
FLIP
&i[io} 24 vee | FLOP {1
|
80%
L DUTY CYCLE ! Lc HER= LAY
! LlMlTATlON‘ [ s N o 2t H .S '<
— 2
| !
| [
Feed-back } :
6 THERMAL
[ 1 —+— sHUT-DOWN
I | ~
| : -
! v
- 32v
| T VREF 1 yoLTAGE !
} LIMITATION :
b — B sp—
—fr2}- —{ir} —} 113} —fa—
ISENSE Ground Vce Monitoring Substrate V-
91AN2018/9-30
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APPLICATION NOTE

V1.3 - Differences between TEA2018A & TEA2019

VI.3.1 - Oscillator capacitor "Ct" charging current is constant and is
The oscillator saw-tooth waveform is linear. The determined by the value of resistor "Ri".

Figure 32

A

0.66Vce

TEA 2019

0.33Vce

1
0 T

* T = tCHARGE + DISCHARGE

|
J « T =0.69 Ct (Ry + 2000)

* Maximum Duty Cycle =~ 80 %

91AN2018/9-32

V1.3.2 - Vce Monitoring
If during the power transistor conduction period the turned-off until the next conduction cycle. To dis-
pin 4 voltage exceeds 3.2V, the transistor would be able this function, pin 4 must be grounded.

Figure 33

o T
o
<8 n_——\
52 | ot " T1="Transistor tun-off by
o« T—T1—*-—-T2——4 desaturation monitoring
Vee
<& | 4.  “T2=Transistor tun-off by
=3 — . regulation
w5
EY L —t
° U v
SIMPLIFIED DIAGRAM
91AN2018/9-33
23/37
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APPLICATION NOTE

V1.3.3 - Output stage

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.

Figure 34

91AN2018/9-34

Vee — Vee = Veemm

- Power dissipated in Q1 (Flyback) :

1 I
P:%[(Vcc—Vag).%—(RB+R).L&%lel

- Power improvement compared to TEA2018A :

2. R. lgmax

- _2(Vec—-35V)
3 (Vec~ Ve~ 2. Re . lamax)

Voo - 5V

AP
P

{at Vee=+9V =205 e 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
operation is generally unknown, 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

Oscillator phase and frequency can be accurately
controlled by adjusting the charge current of "Ct"
capacitor. The PLL behaves as a current generator,
the direction and the magnitude of which are func-

R= [ = Re, (where Voeaum = 1.5 V) tion of the phase difference between transistor
turn-off and the synchronization signal.
Figure 35
CURRENT, o AlcHaRGe <0 Alcyarge > 0
| ICHARGE 2 §
V g
b Zecyy, 1 25
| 2 tVe CHARGE § z
-—— Tosc
PLL 8 9 10
AlcHARGE
C
FILTER R _a;
Ioyance == —
* CHARGE ZRT CHARGE
. 91AN2018/9-35
24/37
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APPLICATION NOTE

b - Internal structure

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-

Figure 36

nal. Multiplier output signal has a complex spec-
trum; a low-pass filter is employed to extract the DC
and low-frequency components.

|
|
Sync. Pulse : P FILTER ‘AICHARGE
(fReF , TREF) || Osclllator
I PLL I
|
I
________ , |
l_ |
| Transistor |
| turn-off ]
b J
91AN2018/9-36
Figure 37 : Synchronization configuration waveforms
Tswo .
T 1 H
,.|__JI_+.. Ts T2 -—E—il—-Ts/‘?
| Lot
SYNCHRONIZATION M / i !/\
PULSES ov l i f
I
~ PLL IPLLI | ‘ 10.7 mA
g OUTPUT -
3 CURRENT LJ
o
z
> In phase Maximum Delay Maximum advance

The PLL will source or sink the maximal current when the shift interval between synchronization signal and

the transistor turn-off equals ts/2 .

1973

SGS-THOMS
BICROELECTRONIGS

25/37

181



APPLICATION NOTE

¢ - PLL input signal

c1 - Transistor turn-off Signal : Tswo
Due to transistor storage time, the PWM compara-

Figure 38

tor will generate a pulse which will be used as Tswo
signal.

Feed-
back

-y
COMPARATOR
OUTPUT
t
0

0 ; -t
ISENSE ! L
_______ - —~~ Ve
]
1

BASE
CURRENT
L 1

91AN2018/9-38

¢2 - Synchronization Signal

The characteristics of synchronization signal are
outlined in section 6.3.5.

d. - Characteristics of the PLL

d1 - Synchronization

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

Figure 39
I TEA 2019
Tswo TSE: ‘
SYNC. AlcHARGE
(TReF) ! l Rt
! y.
I+pLL
IpuL
- 1 _
Feu | Alorarce | == ‘ [ teucty +  1pLucny ‘
91ANZ2018/9-39
26/37
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APPLICATION NOTE

d2. - Capture Range : | fo - fREF | MAX

The signal delivered by PLL prior to synchroniza-
tion has | fo - frer | component. Ggg is the overall
gain of multiplier and filter stages. Phase locking is

Figure 40

possible if the frequency difference | fo - frer | sat-

isfies the following relationship :
GdB | fo—frREF | > Odb

ANALOG
MULTIPLIER @

b= 2r®+R1)C 2

GAIN (dB)

Log |fosc - frer !
91AN2018/9-40

e - Output filter calculation

For stability reasons, the output filter is calculated

at gain G1 =0 dB.

- "f2" frequency determines the capture range.

- "f3" frequency is equal to the free-running fre-
quency "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

f - Numerical application

The following calculations yield the optimum value

of capture range :

» fo = 15.6kHz (switching frequency)

«fo= 2.2kHz (this is the selected

capture range * 8us with
respect to 64us period)

G1=0dB, Vcc=8V, ts=2us, Ci=1.5nF,
Rt = 56kW , Go = 24dB
R = Rt yields excellent noise immunity.

174

o (__ R+Rl__
n R1C1 3" 2x.C.R.R1
Go— Gy=20l0g— P = R1 ~3.9kQ
o=t = 9 R+RI i
1
fzzm = C1=22nF
___R+R1 -
f3_2n.C‘R.R1 = C=3.3nF

SGS-THOMSON

MICEBORLEE RONES

g - Holding range
Once the capture occurs, the free-running fre-
quency "fosc" can rise within the holding range
without causing loss of synchronization.
When synchronization is achieved, the filter no
longer introduces any attenuation and thus the
holding range becomes larger than the capture
range.The holding range is given by :
-
1 +9.33 -Vece . Cr

lpLL - ts

AT =TReF .

Where :

- Trer : the period of synchronization signal

- lpLL : the maximum current the PLL can source or
sink (0.7mA typ)

27/37
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APPLICATION NOTE

VI.3.5 - Synchronization signal and the input filter
The synchronization signal applied to PLL input (pin7) must respect the following conditions :
Figure 41

TREF

dv/dt> 0

PIN 7 VOLTAGE /\ /\
M \/ \/

"—b-
Synchronization Range

v 0.55V (typ)
P" 2.5V (max)

91AN2018/3-41

The TEA2019 has been particularly designed for during the line flyback.
video applications where the synchronization sig- Figure below illustrates the configuration arrange-
nal is obtained from the flyback signal generated ment used in such applications.

Figure 42

N_= g n_
/\

- In typical application : C3 = 47nF, C2 = 33nF
» R2 is calculated as a function of :

R2 ~ 0

Vsync
C2log (VSYNC - VINJ

91AN2018/9-42
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APPLICATION NOTE

VL5 - Synchronization signal transmission

This signal is often generated from the secondary vanic isolation.
of the power supply, and therefore requires gal- Two solutions outlined below are both appropriate :

Figure 46 : Transmission through EHT transformer winding

Waell-insulated wire [

|\ In
= | |
n [
1 —-ﬂ
or | | 1 I
TRANSFORMER |
Secondary | Primary

91AN2018/9-46

]

Figure 47 : Transmission via the Optocoupler of Regulation Loop

Secondary

91AN2018/9-47

In this configuration, the optocoupler is used for the transmission of both, feed-back voltage and the
synchronization signal.

32/37 g
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APPLICATION NOTE

V1.6 - APPLICATION VARIANTS
VI1.6.1 - Regulation by optocoupler
Figure 48

ViN

»l

‘L 91AN2018/9-48

VI.6.2 - V" Generator
Figure 49

TEA 2018A
OR
TEA 2019

TEA 2018A

$

2

3.3V 4 x 1N4001 2
w 2

Up 10 I sy, = 0.25A Up 10 lg(ay, = 0.5A >

V1.6.3 - Overvoltage protection
Figure 50

V

Vz = VCC(MAX) " VRer

91AN2018/9-50
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APPLICATION NOTE

V1.6.4 - Application without demagnetization sensing
If the condition given below is satisfied, the demag- any risk of flux runaway in case of short-circuits or
netization sensing function can be omitted without at start-up.

VIN(MIN) T_tON(MIN) T_tON(L)

LOSS °
VIN(MAX) tON(MIN) t

Vour+ Viese) < V

‘ON(MAX)

Consequently, the damping network is no longer required and the "demagnetization sensing input” can be
grounded.

VI.6.5 - Full shut-down at overload

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

Figure 51

HIGH
VOLTAGE

-t

re-start inhibited

SUPPLY
VOLTAGE
IS
<

Overload

C2 = 10C1 R = 220Q
91AN2018/9-51

VI1.6.6 - Oscillator (TEA2018A only)
Figure 52

Ry Rt

OR

TEA 2018A TEA 2018A

Rt, Ct

I

Both configurations are functionally equivalent

91AN2018/9-52
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APPLICATION NOTE

VII - FIXED FREQUENCY DISCONTINUOUS MODE FLYBACK
«ton<t<tam:energy transfer toward the secondary

VIL.1 - Fundamentals

An operating phase includes 3 phases : winding
-0 <t<ton : energy is stored within the primary +tam <t < T : dead time, the transformer is fully
inductance demagnetized.
Figure 53
Ip -+
st I I
ViN > Vin s Vin P S
. D > |/
c =3 = =
2 Cei |3 3
> >
(Lp, np) ns np | {Ls, ng) \ np ng
“ WV“- “f 1 “f ]VK
& @ >
2 ® ®
O<t<ty, = ton<t<ty, = t, <t<T g
» K:closed + K:open + 1,=0,15=0
- V=0 + D conducts - K :open
d_ VvV n - D: blocked
. Ef:% ° VK:V|N*(Vout+VD).nJ§
P
dl, V, V, B
Vour + Vo)
. VD = V + ?p V ¢ dt - Ls
- Energy stored during to, L4 oy DS Vi ton
(Vm On) am  ONnp VgtV
P = oL
P
N I R T
Vk np
\ tdm Vorr+Vp)—
ng
d (0} _ dlp -
E‘ P E Transformer Fqu
d
d0_ —Ls ViN
dt dt
ot
0 ton
91AN2018/9-53d
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APPLICATION NOTE

VII.2 - Transformer calculation and power semiconductors selection
Figure 54

(Lp, np) IP(AVERAGE)

Vout
i
—_

<
~

u -t

Vour = V|N ton4 /BT ; o

2Lp
91AN2018/9-53d
« Maximum operation duty cycle :
" fonw) _ Ve ) fonw _
T VR + Vinmin T ~Vea+ :12 VIN(MIN
. . P
« Maximum average primary current : IpAvMAX = TOUTIMAX, 1
n VINMINY
. . T
» Maximum peak primary current : IpPEAK) = 2 IP(AVIMAX - o
. (L)
. ¢
« Primary inductance : Lp = Vinminy - l—*QMLJ—
P(PEAK)

- Maximum transformation ratio :

) [ns] _ [Vour+ Vo] [T -tonw | @ (E] _ [Vour+Vo][T-tong]
(MAX) MAX)

np VINMIN) - ton) np VINMIN) - ton) - V2
" T
« Peak rectifier current : IsPeAK) = 2 louT ————
(tdm — ton)
- e [ Vinwax, - tonaamy 1P
« Minimum power transfer at frequency "f" : Poutming =1 . f

2.Lp

Where : -« (1) : without demagnetization monitoring
 (2) : with demagnetization monitoring

* tone) : Conduction time before current limitation
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APPLICATION NOTE

VIL.3 - Multi-output flyback

All transformer windings undergo the same flux change of d¢/dt. Regulation of any output causes regulation
of all other windings.

Figure 55
Vin ®
f T

e _do
np ny dt e, n
= o o
e, n
Teg . e _dA(D 2 2

np~ dt

K
91AN2018/9-55
y 37/37
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| - GENERAL DESCRIPTION
As depicted in figure below, the TEA2028 combines
3 major functions of a TV set as follows :

- Horizontal (line) and vertical (frame) time base
generation for spot deviation. The video signal is

Figure 1

used for the synchronization of both time bases.
- On-chip switching power supply controller syn-
chronized on line frequency.

Sound Sound
UHF LF. Detection
LF.
Separator
VHF Picture Picture Color
LF. " Detection [ Decoding
Video Signal | RGB
I Miscellaneous; Sync. Vertical | Vertical
' Functions Separator Time Base Power Amp.
Miscellaneous l l
Power Supplies

T | TEA 2028 |

Mains Input l l
| — i - ] S
~ c:rr\‘rr:::;yed SMPS “F Horizontal g
SMPS | | Time Base | Power Amp. g
s Y
{ L - - - —— g
Miscellaneous <
Power Suplies >

This integrated circuit has been implemented in
bipolar PL technology, and various functions are
digitally processed. In fact, resorting to logic func-
tions has the advantage of working with pure and
accurate signals while full benefit is drawn from
high integration of logic gates (approx. 110 gates
per mm2).

The main objective is to drive all functions using an
accurate time base generated by a master 500 kHz
oscillator.

Also, horizontal and vertical time bases, are ob-
tained by binary division of reference frequency.
This has the advantage of eliminating the 2 adjust-
ments which were necessary in former devices.
One section of this integrated circuit is designed to
drive a switching power supply of recent implemen-
tation called "master-slave”. Switching takes place
on the primary side (i.e., directly on mains) of a
transformer. The device ensures SMPS Control,
Start-up and Protection functions. Control signals
go through a small pulse transformer thereby pro-
viding full isolation from mains supply.

This new approach fully eliminates the bulky mains
transformers used in the past. In addition, it offers

4/55

ISTR
198

THOMSON
CELECURONIGS

optimized power consumption and reduction of TV
cost-price.

Il - MAIN FUNCTIONS

- Detection and extraction of line and frame syn-

chronization pulses from the composite video

signal.

Horizontal scanning control and synchronization

by two phase-locked loop devices.

Video identification.

50 or 60Hz standard recognition for vertical scan-

ning.

Generation of a self-synchronized frame saw-

tooth for 50/60Hz standards.

Line time constant switching for VCR operation

through an input labeled "VCR" (Video Cassette

Recorder).

Control and regulation of a primary-connected

switching power supply by on-chip controller de-

vice combining :

« an error amplifier

*» a pulse width modulator synchronized on line
frequency

+ a start-up and protection system
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- Overall TV set protection input - Frame blanking safety input for CRT protection
- Frame blanking and super sandcastle output sig- in case of vertical stage failure.
nals
Il - PIN CONNECTION (TEA2028B)
Pin Number Description
1 Horizontal output monostable capacitor
2 Frame blanking safety input
3 Frame saw-tooth output
4 Frame blanking output
5 Frame ramp generator
6 Power ground
7 SMPS control output
8 Supply voltage (Vcc)
9 SMPS regulation input
10 Horizontal output
11 Super-sandcastie output
12 Horizontal flyback input
13 Horizontal saw-tooth generator
14 Current reference
15 SMPS soft-start and safety time constant capacitor
16 02 phase comparator capacitor (and horizontal phase adjustment)
17 Vco phase shift network
18 Vco output
19 Vco input
20 Frame sync time constant adjustment capacitor
21 Substrate Ground
22 o1 phase comparator capacitor
23 VCR switching input
24 Video and 50/60Hz identification output (Mute)
25 Video identification capacitor .
26 Horizontal sync detection capacitor (50% of peak to peak sync level)
27 Video input
28 Safety input

Package : DIP28

=0
1]

S-THOMSO|
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V. FUNCTIONAL DESCRIPTION

Majority of the on-chip analog functions were com-
puter simulated and results such as temperature
variation, technological characteristic dispersion
and stability, have led to the enhancement and
implementation of actually employed structures. A
parallel in-depth study of the device implemented

In practice, maximum drift due to temperature can
be +0.23 mV/°C

i.e., + 1.5 % for a AT of 80°C.

V.1.2 - Current reference

This is implemented using the 1.26V generator in
combination with an external resistor.

in form of integrated sub-sections is provided to Figure 4
analyze the overall performance in a TV set.
V+
V.1 - internal voltage and current references b4 I
V.1.1 - 1.26V Voltage reference | ]
For optimum operation of the device, an accurate 1
and temperature-stable voltage generator inde- 1
pendent from Vcc variations is used (Band-gap Vet [14]
type generator). | "
The generated 1.26 V is particularly used as refer- 126V | ext
nce setting on input comparators. | o
e 9 P p, Band Gap | 7% 3.32kQ, 1%
V.1.1.1 - Generator block diagram 1
Figure 3
VBE
+ -2mVreC Vis  1.26 + Vg1 — VB2
IReF = l14 = e T TRl el
. ~——— . REF=ha=p Rext
Let's l14 =l and VBe1 = VBE2
then : IReF = Rﬁ =380pA
= EXT 91AN2028/29-04

Vo=Vge+A.A
=126V

Generator +0.086 mV/°C

T
91AN2028/29-03

with 2 = T _ 25 7mv at +25°C

v K

aTq” +0.086mV/°C

dVee _VBE@s)-1.26 5
aT - T =-2mV/°C

If AA = 1.26 - VBe

Then : Vo = 1.26V (temperature-independent)

‘ SGS-THOMSON
Y/ AICROELECTRON.GS

Thus, it follows that Irer is accurate and indepen-
dent of both Vcc and temperature.

A set of current generators proportional to Irer
current are used in various circuit blocks.

V.2 - Line sync. extraction

Horizontal and vertical time bases should be syn-
chronized with corresponding sync. pulses trans-
mitted inside the infra-black portion of video signal.
The duty of this stage is to extract these sync
pulses. The output signal, called composite sync,
contains the vertical sync which is transmitted by
simple inversion of line sync. pulses:

The vertical sync pulse is then extracted from this
composite signal.

7/55
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ol
L

. 1 |

Figure 5
Black tr
Video  Level
Input {’ 4
Signal
=\ | Vop e W e B
= Sync Levet: tg:
i
I M,
Composite Sync. D
Output Signal TH

|<——’ Frame Sync.
91AN2028/29-05

The main advantage of this arrangement is its
ability to operate at video input signal levels falling
within 0.2V to 3V peak-to-peak range and at any
average value.

The operating principle is to lock the black level of
the input signal (pin 27) onto internaly fixed voltage
V.2.1 - Black level locking

Figure 6

(Vn) and then memorize the average voltage of the
sync pulse by using an integrating capacitor con-
nected to pin 26.

Finally, the composite sync signal is delivered by a
comparator the inputs of which are driven by Vsoo
and video signals.

c

A 0<+

| (
| »
{ é% Ilc+lb
Ve |
v, ‘e
PP i __._4__
Video ca7

=

|
| 3 Ip = constant
1
l

P -'—\T——VN =2V
]

91AN2028/29-06

The video signal is applied to pin 27 through the
coupling capacitor "C27". Since the sync pulse
amplitude is generally equal to 1/3 of Vpp (i.e. 66mV
to 1V) and in order to obtain a good precision of the
black level, the sync pulse should be amplified by
a coefficient of - 14 before being applied to the
comparator "C1". This comparator will charge the

8/55
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"C27" capacitor as long as Vsi > VN. Vst will
stabilize at VN during the line flyback interval "T;" if
the average charge of "C27" capacitor is nil for one
TH period.

Ic/lp is calculated such that the locking occurs at
the middle of the back porch.
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Figure 7
Ve 4\
J t1=r—i+ts
AV, + p 2
Vi (2V) e S“ 1 : t
- r !
= [
~ i ~
'c )
5 A o  m—

91AN2028/29-07

The AVs1 produced by Ip during the line trace which
is:

Ip - ta
Cor

14 x

must be equal to AVs1 during the time interval "t1",
ie.:

Ic -t
14 x
Cz7
It follows that :
lc_ta Tu-tr
|D_h-t +tH—ts
sTo2

substituting TH = 64 us, tr = 12 us, ts = 4.7 us (which
are standard and constant values) into above

on - 1o _
equation : b= 6.23

V.2.1.1 - Application
Atlc =5uA=Ip=31pA
- With C27 = 220nF, AVs will be

5x 52
250 =16 mV

14x

which yields 0.8 % maximum error in black level

57
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with respect to Vn = 2V at the beginning of retrace
time

- Due to transposition on amplifier stage, the black
level voltage on pin 27 is equal to 2V.

- In practice, at low amplitude video signals, it is
recommended to insert a low-pass filter before
the "C27" capacitor so as to attenuate the chro-
minance sub-carrier and the noise components.
The aim is to reduce the phase variations of the
detected sync pulse and thus enhance the hori-
zontal scanning stability.

Figure 8
A |
|
|
220 nF
W“" 7]
Chroma 100 pF |
Burst |

91AN2028/29-08

V.2.2 - Memorizing the sync pulse 50% value

The objective is to memorize the voltage corre-
sponding to 50 % of the line sync pulse Vs1 by using
an external capacitor connected to pin 26.

9/55
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Figure 9

—

vw%T VN +Vp

T
! Cc2

[ LS

V50% 4
VN +Vp{
0

V4
V50%

-— 0

ls

6 0

V50%

91AN2028/29-09

The overall arrangement comprises two compara-

tors.

- Comparator C2 : delivers an output voltage "V1"
by comparing Vs1 + Vb, V26 and the voltage drop
across two resistors.

- Comparator C3 : which delivers a constant output
current thereby maintaining on capacitor "C26",
the voltage Vsou corresponding to 50% of peak
to peak sync pulse.

During the line scanning, diode "D" is reverse bi-

ased : Vst + Vp = Vi < Vog and C3 will deliver a

current Ip which will discharge the capacitor.

During sync pulse interval, Vs1 + Vp = Vp + Vp,

diode "D" begins conducting and thus :

V1 = (VP + VD) - (2 R i1). Since the capacitor has .

been slightly discharged = V1 > V2, comparator
C3 begins charging the capacitor until C2 is
brought to equilibrium. At this time,

i . Vos—Vp-VN
W= > where i ==T]R

thusV1=Vp+VD—2Ré=Vp+VN+2VD—V26

10/55
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+ VN
2

A high value C26 capacitor will thus memorize the
voltage level corresponding to 50% of the line sync.
pulse.

V|
and V4 = Vog & Vog = P + VD = Vs0%

v2.21- % Ratio calculation

During the line scanning period (TH - Ts), the
capacitor C26 will loose a charge equivalent to :
Io(TH-Ts). -
This energy must be recovered before the end of
sync pulse such that : Ic - ts > Ip (TH - Ts)
therefore le > Tu-ts  lo >12.6

) ts Ip
In practice, for C26 = 100nF, Ip = 25uA and
Ic = 800pA
V.2.3 - Sync pulse detection
This function is fulfilled by comparing the inverted
video signal (Vs1 + Vp) whose black level is con-
stant at 2V, with the sync 50% voltage level on pin
26.
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Figure 10

s  —He-—

250 ns >|-1|<

Line Sync. Output “# ¥&
toward Phase Comparator ¢,

Frame Sync.
Separator

On video
Recognition Output

91AN2028/29-10

Comparator C4 will deliver the line sync pulse (LS)
which will be used for 3 functions :

- Horizontal scanning frequency locking : output to
¢1 phase comparator.

- Frame sync extraction for vertical scanning syn-
chronization.

- Detecting the presence of a video signal at circuit
input.

The LS signal in two latter functions is filtered for

noise by using combination of current generator |

and a zener diode equivalent to a capacitor.

Using this extraction technique at a very noisy

video signal yields remarkable display stability.

The device also provides for scanning synchroni-

zation at aerial signal attenuation of approximately

75dB, i.e. 15 to 20dB better than other sync pro-
cessors.

' V.3 - First phase locked-loop stage "¢1"

This stage is commonly called the first Phase
Locked-Loop "¢1".

Its duty is to lock the frequency and the phase of
the horizontal time base with respect to the line
sync signal.

In the absence of transmission (i.e. lack of line
sync), the horizontal scanning frequency is ob-
tained by dividing the output frequency of a VCO
device. This VCO oscillates at approximately
500kHz and uses a low frequency drift ceramic
resonator. This method eliminates the need of hor-
izontal frequency adjustment.

11/55
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V.3.1 - Phase locked-loop "¢1" block diagram
Figure 11

i Low-pass
P Filter

Horizontal
Frequency

|
|
|
| F(p)
|
|
-

By-32-Divider| @1
Stages

V.CO.
B (kHz/v)

HoH

Ceramic Resonator

91AN2028/29-11

V.3.2 - Functional duty of individual blocks

V.3.2.1 - Phase comparator

The duty of this comparator is to issue an output
current proportional to the phase difference be-
tween ¢oin and ¢ourT.

V.3.2.2 - Low-pass filter

This filter suppresses the parasitic component con-
taining the sum of phases, smoothens the phase
difference component and determines the timing
characteristics of the loop.

V.3.2.3 - VCO centered on 500kHz

This is a voltage-controlled oscillator which gener-
ates an output frequency proportional to the volt-
age applied to its input.

This voltage is delivered by low-pass filter.
V.3.2.4 - Divider stage

Itis used to divide the VCO frequency (500kHz) by
32 so that it can be compared with the line sync
signal frequency of 15625Hz.

V.3.3 - Functional description of building blocks
V.3.3.1 - Phase comparator "p1"

Figure 12
N =
=
Ls=1
—
0! tg TH
Vol s
dour i !
" 1 - 1
v, Signal [,
o I [
1.26 v.}-- —_— __)—< 126V i
iis ¢IIN
|
1
Video Recognition 21 83' = -JTI—
~—
o e 1
Mute A
>
o

VCR Mode
Switching

Long ¢4 Inhibition

91AN2028/29-12

The comparator is functionally equivalent to a signal multiplier.
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Let's assume that :

iLs = | sin (wHt + OIN)

and Vi1 = k cos (wHt + dour)
then :

i= 'L%—k [sincbm — Moyy) + SiNQRoHt + DN + %m)]

Figure 13
lisp
|
| - 9
P R S
N
/’ : tS AN
i 1 N J
0 Wl by '\ /7
/ : 4 AN /
el 11y AN e
[N {1y S
11y
% 1l
A~ th -~
+ C N1l z
0 ' i [/ J
. - —-
-1 L 'l <
dout 1 : S~
i 1y
- i
i ot
rl— B J
91AN2028/29-13

- the low-pass filter will suppress the 2fy frequency
component

- 0N - dourT difference being low :
sin (¢IN - ouT) = OIN - douT

- the output current will be therefore proportional to
the phase difference between the signals com-
pared.

In other words, the average current over one period

is:

) t t
lAvxTH=I[ESJrAtJ—I(ES—At]:ZI At

iav = ZIAt- and At = AcI)—TH
TH 2n

The comparator conversion gain is thus :
i [
A= e (inA/rd)
Later in our discussion we shall consider the two
possible values of the current I.

For the time being, let's define these values as

follows :

- | = 500pA for "long time constant” or normal
operation

- 1 = 1.5mA for "short time constant" VCR mode or
synchronization search (Mute).

The values of A are therefore :

- ALong = 0.16 mA/rd

- AsHoRT = 0.47 mA/rd

Use of comparator inhibition signal is quite useful

under noisy transmission conditions. It eliminates

risk of incorrect comparison during the line scan-

ning phase which would be due to the noise present

on LS signal. Horizontal phase and image stability

are thus highly enhanced.

Characteristics of this inhibition signal will be dis-
cussed at the end of this chapter.

V.3.3.2 - Low-pass filter

- Its main function is to reject the 2fy (31kHz)
frequency component delivered by the phase
comparator.

- It also defines the characteristics of the loop in
transient mode.

The filter is built around two sub-sections which

determine the stability and the response time of the

loop in the following modes of transmission :

- Normal or VCR modes. See section V.3.6 "Dy-
namic study of ¢1".

Figure 14
: r 58V VCO Stage
' +
ré‘a : _ i VCO
P RS I =
(4.7kQ) [o] i A _——eme————
10 nF! !
c1 vl o1
(2.2 uF) { Comparator|
g I
! 91AN2028/29-14
SGS-THOMSON 13/5
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R is the dynamic input resistance of the VCO.

The filter transfer function may be defined as fol-
lows :

f

1 +jﬁ

f(f) = Rf‘?‘
(1 +jg) (1 +igg)

Y i = = = =
o= =) with R1 = 4.7kQ, R =500k, C1 = 2.2F, C = 10nF
! we obtain :
1+R1C1p 1
Z(p)=R - =-—=—-=15.4H
® 1 +p(RC + R1C1 + RC1) + RR1CC1p? 2rR1C1 :
The second order terms of the denominator can be B I S——, PP
converted to first order products as a function of 2n(RC1 +RC+R1CY)
frequency as follow : - 13 =3.43kHz
Figure 15
20 log Iff
f
20 log R 2
i
: f1 13
0 ! 1 N (log sca-I:) f
| to14Hz 115.4Hz 343 kHz|
I i
Ag@) | ! ' !
1 P : —
/— \

O~

91AN2028/29-15

V.3.3.3 - VCO (Voltage Controlled Oscillator)

Its function is to generate a frequency proportional
to a control voltage issued externally, by the low-
pass filter in our case. .

The period of the output signal is used as timing
reference for various functions such as, horizontal
and vertical time bases. The frequency range must
be short and accurate :

- It must be short since the power dissipated within
the horizontal scanning block is inversely propor-
tional to the line frequency.

- The accuracy is required if the adjustment is to
be omitted.

14/55
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The basic arrangement is to employ a ceramic
resonator (or ceramic filter) which has quite stable
characteristics as a function of frequency.

Afilter whose resonating frequency is a multiple of
line frequency (15625Hz) is to be selected. An
example is 32 x 15625 = 500kHz.

a. 503 kHz Ceramic Filter
Figure 16 Figure 17

Symbol

ol

91AN2028/29-16

Equivalent Circuit

R1 L c1

-

% 91AN2028/29-17
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Where : Figure 18
R1=7Q,L1=1.26 mH, C1=78pF, CO=>507pF gw’ \
- Series resonance frequency : § A
1 503kH § T |
'8 = 2riLicT - z g 1
- Parallel resonance frequency : g :
450 500 550 600
\, 1+ & 7 s ilp
fP = fS . CO = 540kHz %4- 90 E
- Tolerance within the resonance area : S , S
503kHz £ 0.3 % g 5
- Temperature stability : S -90 725
+0.3 % of fo at AT = 100 °C o &
b - Simplified Block Diagram of VCO
Figure 19
|
1 R
= Non-linear + i rJ"[ ﬁzzo e
Amplifier

Issv

i
|
Va2 @
L Comparator

Esoo Q

91AN2028/29-19

The overall arrangement is equivalent to a variable-
phase amplifier configured in closed loop with the
external passive filter.

The system will oscillate if the open-loop gain is
0dB and if VOUT leads VIN.

In closed-loop oscillating mode, the phase variation
of Vis/ViN imposed by V22 will result in same
Vout/V1g variation but of opposite sign.

This phase change will finally correspond to a
change in frequency.

S~

r SGS-THOMSON
VI SCROE ECTROWCS

Figure 20

Vin

|

r- d

V22 Phase
Control

Vour
(open-loop) 91AN2028/29-20
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c. - Characteristics of the External Filter

The ceramic resonator behaves as a capacitor at
f < fs (fs : series resonance frequency) and as an
inductor at frequencies falling between its two res-
onance frequencies.

Combined with a "R.C" network to generate a 90°
phase lag, the overall arrangement will exhibit the
following characteristics :

Figure 21
Vout/V1s (Degrees,
Vour! ‘18( egrees) 20 IogVOUT(dB)
Working Area Vie 4
<
=30 1 £ Vv,

g 18
§ 1
<

~150+

480 500 520 prequency (kHz)

440 Q 503 kHz

Thus, a variable (24° to + 135°) phase lead with a
gain higher than 10 dB, must be implemented
on-chip so as to enable the system to enter into
oscillation.

The frequency dead points correspond to the max-
imum internal phase variations. This phase shift is
controlled by voltage V22 whose value of 5.6V 0.7
is determined by two diodes.

From the above Figure, the non-linearity of phase-
frequency characteristics is clearly apparent. If lin-
ear voltage-frequency response is required for a
symmetrical gain of ¢1 loop, it would then be nec-
essary to implement a non-linearity, on the phase
control amplifier A4, but in the opposite direction.

d. - Study of the Internal Amplifier
Let's study the gain and phase response of \\%f
asa function of Vaz.
Voo = ? where K is a non-linear coefficient
To start with, the "Vc" voltage of comparator "A3"
is taken as reference parameter.
The dynamic representation of the output stage
can be depicted as below (figure 22).

i2

Vig 5 with 1 I2" = m (at f = 500kHz)
2]
o
< _ i2
g RiCio=1=i = =711 +j
2.4 kQ resistor = pin 19 input resistance g; and Z=Ry + E <«<Roi=iy
J
Figure 22
[18]—
g
i R

91AN2028/29-22

R1C1 network produces -45° phase lag of "i" with
respect to "i2", around 500kHz.

Vig=-R: (i1 +1)

i1 aND i2 calculation as a function of "Vin" on
pin 19

P - S R
-A2Ampl|f|er.vsz_2dr2_54
iz Vsi
o =7 X ——0395 i2=0.39 V,
VN VN Vs -k N

* ig is in phase with Vin therefore :

Vs1_Rc _ 1200 . .
- =—— == =-lg = -U. V
A1 Amplifier : Vi —dr - 57 21 ig=-i2=-0.39 VIN
16/55 (37 SGS-THOMSON
’I MIGROELECTRONICS
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Figure 23 : Vector representation of V1is/ViN

Figure 25 : V¢ = F(Va22)

VOUT phase variation =1 (V)
Vig @iy =0 VIN
\ V1g @ i{(max)
Riy ~{+136° ~R{iq+T9)
N - 45°VIN
91AN2028/29-23
- A3 Ampilifier :

’ -V
it =is - [%%] osgv.N( T 1]
"VIN" always leads the "i1" by 180, only the ampli-
tude of i1 is a function of V¢ (See figure 23).

. Your | L i(1+jRiCie) +ie
ViN 1+j(R1 + R)Cio0
Ve
« i1=-0.39Vn {2 M]and i2=0.39 ViN

The following figure 24 illustrates the characteris-

tics of V18/Vin phase versus Vc.

- Phase variation determined by V¢ falls between
+24° and +135° range

- The gain is higher than 10 dB. The pin 18 output
signal of 30 to 40 dB has a rectangular compo-
nent (See figure 24).

e. - Characteristics of the non-linear Amplifier "A4"

This is a differential amplifier whose equivalent

feed-back resistors of emitters vary as a function of

its input voltage.

Figure 24

Vg (mv)
100 A= 25mVIV
P
50 < A = 50mV/V
Va2 (V)
0 + +—
5 65 6N\ 6
—504
A=
- 1004 —
300mVAY
e

91AN2028/29-25

Figure 26 : l22 = F(V22)

122 (1A

91AN2028/29-26

The maximum output voltage swing is set by two
"clamp" diodes connected to "V22" input.

f. - Voltage-frequency transfer characteristics of
VCO

The transfer characteristic is linear and centered at
5.6V at 500kHz operating frequency.

- T transfer = A =22.4kHz/V and once it goes

AV
through five divide-by-two stages :
22.4
T= 32 =0.7kHz/V

$V45/Vin (Degrees)

v‘B
20 log — (dB)
Vin

R a0

—

+60

N Ve (mV)

20 20 +500 +100

91AN2028/29-24

&7 355 HOMSON
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Figure 27
= 18 kHz—F
g /.
3
5 /
z /-
=3 S N B =T =224kHzV
g /
& /
©
/
e LA |
:
¢
4 5.68
PIN 22 VOLTAGE "V,," (V)
91AN2028/29-27
V. 3.4. - "¢1" time constant switching

When switching between stations or receiving sig-
nal via a VCR, the loop locking interval must be as
short as possible so as to avoid unwanted visible
effect on the picture. In fact, since the synchroniza-
tion between the VCR motor drive and the play-
back head is rather imperfect, it will produce fre-
guency and phase fluctuations in the output com-
posite video signal. Under these conditions, phase
locking interval must be "short" (VCR Mode).

In the case of broadcast transmission, this loop
must also filter all phase variations produced by
noisy sync signal. In this case, its locking time
constant must be "long" (normal mode).

18/55
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In other "jungle” circuits, this time constant switch-
ing is carried out by capacitor switching within the
filter loop. In our case, this function is achieved by
changing the current amplitude of the phase com-
parator.
This amplitude changing madifies the open-loop
system gain and therefore the damping coefficient
and the locking time constant.
The device will be in short time constant mode
under the following two conditions :
- VCR Mode or SCART Connector Mode :
This mode is enabled by a low state on pin 23.
V23 <21 V.
- Transmitter search and tunning.
In order to accelerate the capture, a "Video Iden-
tification” stage will detect the presence or the
absence of a video signal on input pin 27, and
deliver accordingly a signal called "Mute".
V.3.5 - Video identification stage
This stage will detect the coincidence between the
line sync pulse (if present) and a 2us pulse issued
from the logic block. This 2us pulse at line fre-
guency is positionned at the center of line sync
puise when the first loop "@1" is locked.
This sampled detection is stored by an external
capacitor connected to pin 25. The video recogni-
tion status is also available on pin 24 so as to
enable Sound Muting during station search pro-
cess and the inhibition of Automatic Frequency
Tuning.

CROELEC ?R@'ﬂﬂ”@
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V.3.5.1 - Block diagram

Figure 28
L @
N Ls & |—> Ic =750 pA Comparator
2ps n Mute Output
iC(25) Pin 24
Ig = 500 uA
46V

_| ]‘ Frame

Ca2s Logic

4.7 nF
=

91AN2028/29-27

The video recognition signal is delivered by a hys-
teresis comparator.

The recognition time "Tr" is adjustable by an exter-
nal capacitor, as soon as ¢1 is locked :

} ey 2HS
lcasav) = Ic x 64 pis
and :
- Tr=Cos x H o 21.96x10°x Cos
lcasav)

- with Cos = 4.7 nF = Tr = 1 ms (which is clearly
quite fast)

V.3.6 - Characteristics of loop ¢1

V.3.6.1 - Locking accuracy
Let's study the phase error "gout - @IN" under
steady state conditions :
The open-loop gain is :
AB f
- T(p) = 22 1P

f
Where :
* A =0.16 mA/rd (long time constant)
« A =0.47 mA/rd (short time constant)
+B=0.7kHz/V or B=4.410%rd/s
1+tp

Figure 20 P) = R 4 eap) (1 -+ 1m)
Where :
@1’——‘__ « R = Dynamic input resistance of VCO.
1 If a phase step of A¢ is applied to the input, the
H following would be obtained as a function of (p) :
Line Sync : AD
LS 47 s DIN(P) = Y
2ne dl—{}':— =L Using the last value theorem : lim f(t) = lim p . f(p)
lc(25)¢ = ! 1 with Vig Let's calculate ;|>imo((plN - ®ouT)
iaeo =
| o Jl'—‘_ - - The closed-loop gain is :
P Hp - T® _ ABi(p) _ ®out(p)
Ices) | ! Pl P =15 T " p+ ABIp) ~ DIN(P)
Iy without Video pAD®
'y “--—__-I : i g that is : [I’inp (OIN - DouT) = Im:op 1 AB 10) -0
It is therefore deduced that the system can follow
Mute all input phase variations without producing any
Output @ static error.
1 g In practice, there will be a slight error due to the
ViysT=03V 8 input bias current "Ig" of VCO, which is 0.55uA at
0+ . . 2 fo = 500kHz. This DC current is delivered by a
VL VH Vs g phase comparator which will generate a phase
46V error of :
19/55
477 355 THomSON
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- long time constant :
AdLone = —B— 2 055x 18 _ 3.4 % 109
Lol Along 0.16

or 35ns in At
- short time constant :

|
ADSHORT = ASH?DRT =12ns

These two errors cause a horizontal picture dis-
placement. On a large screen of 54cm wide, this
will be : 64 - 12 = 52us, which for both modes
corresponds to a shift of :

AP ONG-ADPSHORT
52

It is obvious that such displacement can be fully
neglected.

ALINE = x 520=0.24 mm

Response to a Frequency Step

- The input phase is : ©IN(t) = Awt

which as a function of (p) is : @in{p) = Ag—)
p

- The accuracy is :

i ; Aw  _ Aw
,l'_To(q"” = Poum) _;'_TO p + ABf(0) ABR

where R = 500k at f(o)
In this case, the phase error depends on both, the

magnitude of the frequency step and the static gain
ABR.

In general, %: which is the open-loop static gain, is
taken into consideration.

Figure 30 : On Screen Display of Time Constants

Ao _ gR. _2nat

Ao~ ABR= 3 g =A 2 BR
S
= 3 = ABRxX T B inktzV)

* In normal mode : ALong = 0.16 mA/rd
= % =5.5kHz/us R = 500kQ
* In VCR mode : AsHoRrT = 0.47 mA/rd
Af
= 51 = 16.5kHz/us

Note : The capture range is specified within
+ 500 Hz with respect to 15625 Hz.

Numerical Example

Let's suppose that in VCR mode there is a fre-
quency variation of + 100Hz, this will yield a phase
variation of 0.1/16.5, i.e. + 6ns which, on a 54 cm
wide screen, will produce a horizontal shift of
ALINE = £ 0.06 mm ! .

Itis obvious that an excellent image stability is thus
obtained.

V.3.6.2 - Dynamic study

The loop response in transient mode is quite im-
portant. It determines the overall system stability
and the phase recovery time, which are imposed
by the external filter "f(p)".

The close-loop transfer function is equivalent to a
second order system. These time constants are in
practice displayed on screen by a bar delivered by
a special pattern generator representing the phase
errors.

The following optimized results were obtained from
filter f(p) connected to pin 22.

Filter component values are :

R1=4.7kQ, C1 =2.2uF, C = 10nF

+4ps — 4 pis shift

= -

+4us -4ps

|

Normal mode
Long time constant

VCR mode

Short time constant 91AN2028/29-29

Where :
N : number of lines required for phase correction

n : number of lines required for the horizontal oscillator to fully stabilize

20/55 ﬁ SGS-THOMSON
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a. Long time constant
+ AtAtof4us = N=18lines, i.e. TLong = 1.15ms.
System oscillations are perfectly damped.
Image stability with a noisy video signal is very
satisfactory.

b. Short time constant
e AtAt=4us = N =5lines, i.e. tsHoRT = 0.32ms
* n=5lines
One should notice fast phase recovery, naturally
Figure 31

followed by bounced oscillations due to the char-
acteristics of a second order device.

As given in application diagram section 6, an other
alternative would be to use the following compo-
nent values :R1 = 3.9kQ, C1 = 47uF, C = 15nF

V.3.7 - Phase comparator inhibition

The phase comparator is disabled under two con-
ditions :
- During frame sync pulse (see figure 30)

T
1"
i
{

lnvened Pulses for Frame Sync.

o 24 AR

composte JI R LR ATV VTV LA L N N 1 |
Sync. A
FrameSync. (FS)
7
Frame«p1 I 7~
(FRY) I
Frame Blanking [
S Inhibition, f
(normal mode) 177/7/7, ///////Inmbmon///////////////// /l_./ W
i . e - 1he absence of Frame Inhibition
OO'*‘\ | | :xlfl’lr‘/l' g5 K 1
mparaior i R i i "
omparaor [ S lf U I
L]

[VCR Mode]

wsionsga____ (7777777777777 7777777777777 77777

91AN2028/29-30

Inverting the line sync pulse contained within the
video signal will provide the frame sync pulses
required for the synchronization of vertical scan-
ning.

Since the current supply to comparator ¢1 is con-
trolled by the line sync pulse, the comparator must
be inhibited at the time of line sync inversions so
as to avoid occurence of phase errors at the begin-
ning of each frame.

This inhibition is activated during FRI (Frame Re-
trace Inhibition) issued by frame logic circuitry. If ¢1

£ SGS-THOMSON
Y/ FichozLECTEONES

is locked before the vertical scanning synchroniza-
tion occurs, (e.g. when switching between chan-
nels), and since FRI phase is not yet correctly
positioned, the @1 must be further inhibited by FS
signal which is the extracted frame sync puise.

- During line scanning (see figures 31 and 32)
This inhibition will eliminate the occurrence of all
possible phase errors due to a noisy sync signal or
parasitics during the line scanning phase. It yields
excellent display stability at noisy video signals.

21/55
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Figure 32

Video

on Pin 27 \_‘—_—rﬂm_/

0.3 usi
Line Sync. __:f:zﬁ "THZEEL—__
¢4 Signal
1
Line Inhibition T 58us 1t 6.5 us
e Inhibition” / A 1 l; Inhibiﬁon;
91AN2028/29-31
Figure 33 : ¢1 Inhibition logic block diagram
Vigeo Recognition
ute Ls =

(.
D 100 pA
(stort)
-

91AN2028/29-32

- 61 Inhibition in long time constant mode

(VCR=0)

- SINH(LONG) = Mute . (FRI + FS + BLK . LINEiNH)
and

* SINH(SHORT) = 1
Inhibition is activated during, frame sync, FRI
and each time line trace interval - except at
frame beginning between lines 8 and 21.

- ¢1 Inhibition in short time constant mode

(VCR=1)

*» SiINHSHORT) = Mute . (FRI + FS) = SiNH(LONG)
In VCR mode, inhibition is disabled during line
trace since phase or frequency variations are
not taken into account instantenously.

V.4 - Line saw-tooth generator

Before going through a detailed study of the second
phase locked loop "¢2", let’s have an overview of
the line saw-tooth generator which has been mainly
implemented for $2 phase variations and also the
phase modulation of the switching power supply.
It uses the combination of an external capacitor
connected to pin 13 and an internally implemented
constant current generator to generate a saw-tooth
voltage at line frequency.

Its frequency is determined by the reset frequency
of the capacitor "C13". This reset signal is issued by

22/55
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Figure 34
V+ v |-T_H- '
cc SN Raryews 1
35 Vpp
by ]_A_,
9, and SMPS D-I i =t
W i !
i
Reset4! 1 |
i1 {
n r..
Constant 6.5us
128V tRESET
91AN2028/29-33

the line logic circuitry at a period multiple of VCO
period (x32).

_1.26

e lc=K-lg=K-—Z=— =200uA
R14
v _ Ic(TH — treset)
* Vigpp =" T
K x1.26(TH — treset)
B X 1.e0H - heset) _ 4 4
R14-C13 3.48v

* VCESAT)T1 = 20 mV = V1i3max) = 3.5V
« In sync mode :
¢ TH = 64ps, tReseT = 6.5us
*K=0527£2%
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V.5 - Second phase locked loop "¢2"

This stage controls the horizontal deflection of the
electron beam i.e., the horizontal picture scanning.
The frequency of operation, in the absence of video
signal, is a multiple of the VCO frequency, i.e.
15625Hz - 500Hz.

When video signal is present, the scanning fre-
quency is synchronized with the video signal
through the first phase locked-loop "¢1".

The output rectangular waveform signal drives the
line switching transistor. This transistor, when
turned-off, generates what is commonly called the
"line flyback".

In order to obtain a horizontally centered picture,
the line flyback (LF) must coincide with the blanking
time on tube cathodes.

The turn-off delay is due to transistor base storage
time. This time varies in different TV sets as the
transistors employed may have different operating
characteristics which are functions of temperature
variations, power rating and base drive.
Therefore, it follows that in order to obtain stable
image centering, the line flyback must be phase-

Figure 36 : Second Phase Locked Loop " ¢2" Block Diagram

locked with respect to the video signal.
The second phase-locked loop also offers the pos-
sibility of horizontal phase-shift adjustment.

Figure 35

Blanking Time

Video Center of
Signal Screen
on Cathodes |

' |
Line H I
Yoke I 1
Current o KN 1 ! :
[ Line Transistor
! | Collector Current
[N (N
| | 1
Line ATAY v\
Flyback H2ps Ty=64ps
0
1

I
=~—=Turn-off Delay

Line Transistor
Control Output
\s*§
N
A
[ ! [
2
<
g
=
=3

91AN2028/29-34

o,

1
i
Video :
(pin 27)
16

Horizontal Phase
Adjustment

‘\U:’{onsﬂn‘r' " "%z Phase Comparator’
~+i= Delay | ¢ = Fe)
! obvet g, At A i

- 1
CEsa ] T

mA/s Low-pass

i
1
! Filter
tiN | SN WA R SN, AR

J

1 1

! '

1 &

L, 1! Monostable | g’a“g’g‘
1N ] eens *1)
POT i

i 71‘:' A

Inhibition

: tout
]
i

LF Pulse
Flyback Shaping
‘___l x1 12
Te

Transformer

Line Deflection
Z Stage

V.5.1 - Duty of different building blocks
V.5.1.1 - "$2" Phase comparator
This block generates a current proportional to the
phase difference between the phase reference "¢2"
and the middle of the line flyback to be phase-
locked.
V.5.1.2 - Low-pass filter

» Rejects the parasitic component "sum of

phases”

STt

THOMSO

G1ANSOE/P0-5
» Smoothens the "phase difference” component

» Allow "phase adjustment" by generating an
error within the loop

V.5.1.3 - Phase modulator

Uses the line saw-tooth voltage to convert the
voltage delivered by the low-pass filter into a phase
corresponding to the line transistor turn-off control
signal.

23/55
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V.5.1.4 - Flip-flop
Generates the turn-off control signal for a constant
time (fixed by the external capacitor), the phase of
which is set by the modulator.
V.5.1.5 - Output stage
+ Delivers the control signal for line transistor
driver
» Disables the output during start-up and protec-
tion phases

V.5.1.6 - Line deflection stage

» Generates the saw-tooth current for line yoke

» Generates the high voltage required by picture

tube and other supply voltages

The line flyback information is provided by the EHT
transformer
V.5.2 - Operation of building blocks
To provide an easier understanding of the subject,
the "$2" loop study will be covered as a function of
various time intervals and not as a function of
phase.

V.5.2.1 - Phase comparator "92"
The operation is identical to that of "¢1" loop.

Figure 37

VC C

Filter F(p)

Constant Voltage

Line

Flyback
O _.r.l_ (LF)

91AN2028/29-36

The V4, signal issued by logic block is phased with
respect to the middle of line sync pulse on pin 27
and delayed by a 2.6 us interval so as to be at the
middle of blanking time on video cathodes.

The output current component "2fy" is rejected by
the low-pass filter.

- The average currentis i = ZI%

Where : At = tiN - tout

- The conversion gain is therefore :
i 2

At: =550 pAand T = 64 us

"A" will remain constant since "I" is a multiple of
"lrer" current on pin 14.

Video on
\ ( pin27

Figure 38

i
\
+I$
O{ 1 ,,7Tr—
-1 o 4! 1 H
—
LF W : w !
l)\
(Al\:
N | tout

Video on
1 Cathodes
| —t———|

91AN2028/29-37

V.5.2.2 - Low-pass filter f(p)

The horizontal phase-shift adjustment is taken into
account :

Figure 39

T
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- Filter V = {(i) transfer characteristic is given as :
V=Zi+é~ K-Vec-Z-Iin
Where :
1
Z= RIN//R//C P

« RN, lin : modulator input characteristics

In Dynamic Mode
' \ R’

VeZi=fp=g=Ze) =y

Where :

« R'=Rn/R (R >>Potentiometer P)

» 1= R’. C: Filter time constant
The network behaves as a first order low-pass filter
whose cut-off frequency at -3 dB is :

R
398 = 2nR'C
Filter component values
- R =470kQ and C = 22nF
» In practice, (Ke [0,1]) Vec =12V
- RiIN = 25MQ , Iin = 0.65pA (base input current)
F_3db = 15.7 Hz with adjustment and 0.3Hz without
adjustment

V.5.2.3 - Phase modulator

This is built around a comparator which converts
the filter voltage to a rectangular waveform such
that its rising edge phase, variable as a function of
filter voltage "V", will trigger the line transistor turn-
off control circuitry.

The conversion gain is determined by the slope of
the line saw-tooth applied to comparator.

Figure 40

91AN2028/29-39

Lyz $6S:THOMSON

A

Figure 41
Viag
.5 V1
[V .
011 ‘ ,
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S =0
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Lino LE | A
Flyback ;
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- Transfer characteristic is given by :
At'out _ Atyz
AV C Z\/Ts =B =16.4us/V
therefore t2 = B.V
Let's consider the delay interval between "tout"
and the reference time "tiN"
where tour is the middle of line flyback :
ctout-tiN=t2+1td+t1-tH
Where :
*t1 =43us
(Reset for V13 and Vg2 are signals coming from line
logic block and are synchronized on line sync.)
*tg=2to 15us
(Delay between leading edge of output signal - pin
10 - and the middle of line flyback)
* ty = 64us
* touT -tin=B.V + tg - 59.7us
V.5.2.4 - Line flip-flop (TEA2028 only for TEA2029
refer to Section VII.6)
It generates a constant duration rectangular signal
used to turn-off the line transistor. It is triggered by
the rising-edge of the phase comparator output
voltage and reset after capacitor on pin 1 is
charged.
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a. Block diagram

"V'out" will set the flip-flop thereby allowing the
capacitor "C1" to be charged by current "Ic" deliv-
ered through current generator. The voltage across
capacitor begins rising until it reaches "VRer". At
this time, comparator "C" is triggered, the output of
which will in turn reset the flip-flop. The capacitor
"C" is consequently discharged by current Ip - Ic.

Figure 42
Auto-Set (1) tour
AgL Signal Y
16 ps !

Wind L_.l
] S o—F
Vour Vio Output
A Stage

tour
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b. T10 Calculation
C1-AV1 C1- Vger
c c
"Ic" is a fraction of "Ireg" on pin 14
lrer _  VRer

=T10=0a-R14-C1=2.64 x R14x C1
145352 1o 2
- T10 is independent from temperature and
Vce
- o has a maximum dispersion of + 3% from
device to device
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Figure 43
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c. 16us Window
This window is generated by the line logic circuitry
and sets the maximum phase variations of the
output signal "V1¢".
Also, for protection purposes, should "V1g" voltage
equal "0", the output signal will be always present
and have a maximum phase shift of 16us with
respect to the falling-edge of the line saw-tooth.
d. Auto-setto "1"
To provide protection, this function will trigger the
flip-flop if the modulator is disabled, i.e.
V16 > Vi3MaX).
e. Maximum "T10" value as a function of "C1"
Tiominy : 16us(window) + 4us(auto set) = 20ps

= Ciminy = 2.3 nF

C1.Veer  C1. Vger
+
ld—lc Ic

= T1oMmax) = 40ps =Cymax) = 4.6 nF
For normal operation, C1 value has to be chosen
between 2.3nF and 4.6nF.
If pin 1 is grounded, output signal (pin 10) is inhib-
ited and goes high.

T1omax : for < 64us
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V.5.2.5 - Line output stage & inhibitions
Figure 44

Line Flyback

Logic 1
forVee <6V

Logic 1 : Power
for Security Ground
at pin 28

91AN2028/29-43

» Open-collector output : Vigisan < 1.5V at
lomAax) = 20mA
The line output (pin 10) will go high if either the
following three inhibitions is activated :

a. Inhibition at start-up

This is generated by a hysteresis comparator which
is driven by "KVcc" and the "1.26V" reference
voltage.

This inhibition is mandatory since the device will
operate only at Vec =5 V.

Figure 45
8
Eg A
a e <
o 1 b
£5 Vhyst=0.5V Q
v i 2
o} 0 - &
55. & Z
SUPPLY VOLTAGE (V) >

b. Inhibition during line flyback

The output signal pin 10 is high during line transis-
tor turn-off. The leading edge of output signal pin
10 turns off the line transistor after a delay interval
(storage time).

The line transistor turn-off generates an overvolt-
age on the collector corresponding to the line fly-

back pulse. During this interval, in order to avoid
transistor destruction, the pin 10 output must ab-
solutely remain high.

This is done internally with the line flyback puise
(pin 12), which forces pin 10 output to high level
during the line flyback time.

c. Safety inhibition

The device has a security input terminal "pin 28",
It a signal lower than VRer (1.26V) is applied to this
pin, line and power supply outputs are all inhibited.
This function is particularly useful for TV chassis
protection. Refer to section V.7.5 for further details.

V.5.2.6 - Line deflection stage

This chapter will cover a general description of the
"horizontal deflection stage" employed almost
commonly in all recent TV sets.

Deflection of electron beam is proportional to the
intensity of magnetic field induced by the line yoke.
This yoke is equivalent to an inductor. The deflec-
tion is therefore proportional to the current through
inductor.

In order to obtain a linear deflection from left to right
as a function of time, a saw-tooth current must be
generated within the yoke. The approach is to
apply a switched DC voltage to the line yoke.

- When Kiis closed :

. E _m
IL([)ZE(‘I*e L)

- rL is always higher than half of trace time :
y

trace _ TH-tF _64-12 26us

2 T2 T2 T

Figure 46
. Deflection Yoke Resistance

Ly oy
Deflection Yoke Inductance

(L)

E

ic

; 91AN2028/29-45
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- "j_" variations as a function of time :
di _E_.» E L
pridr e L= L [fort« ryj
The current will therefore be linear as a function
of time ii(t) =% -t from "t1" to "to" which is the

second portion of the line trace interval.

- Current at the end of trace : Im :% . tT—Hg‘E

- Energy stored within inductor : W :% L1

If the switch is opened at t = tz, the "L.C" combi-
nation will enter into oscillation, the energy stored
within inductor is transfered to the capacitor,
which will return it to the inductor and so on.
The circuit period is classically given by :
T=2n-+LC
If "K" is closed at time "t3", the inductor will once
again have a voltage "E" across its terminals. The
current falls linearly until "t4". This phase corre-
sponds to the first half of line trace interval.
The overvoltage across C is :

ttraoe

Vp =E 2@ +E
during t.F = TVLC
tTRACE - T

2hr
In practice, E is higher than 100V.
- tTRACE = 52us
-tLF=12us
Note that this overvoltage is almost 8 times higher
than the source voltage "E". This overvoltage is
applied to the primary winding of a "step-up trans-
former" (EHT Transformer) in order to generate the
high voltage required by picture tube anode.

Thatis : Vp=E +E

= Vp 2780V
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In practice, the power switch "K" is built by a
combination of "High Voltage Switching Transistor"
and "Fast Recovery Diode".

Figure 47

iL End of If K remains
Trace open
N\ ~
0 i3 I \\\ tﬁ{;
\ /"
N

" N

) Begining of
iK Trace

Vi A e

Y
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Figure 48 : Simplified diagram of the horizontal deflection stage

EHT

(Regulated by SMPS)

Coupling
Capacitor

TEA A
2028 LINE FLYBACK
NPUT

TRANSFORMER _A_

VEHT(anode)
[15 to 25kV]

Power Suppit

Line Flyback
(pin 12, TEA2028)
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If considered in average value, it is seen that the
voltage across capacitor "CS" is almost equal to the
source voltage "E". The saw-tooth current through
this capacitor will produce a parabolic ripple around
"E", which will thus modify the equivalent source of
the line yoke and induce a modified current of "S"
shape within the yoke. This "S" current is used to
produce a linear picture as a function of the picture
tube geometry.

The basic arrangement can be reconstructed by
assuming that the equivalent inductor "L" is the
transformer "Lp" and line yoke inductors put in
parallel (since VC sav) = E).

The output pin 10 of TEA2028 is applied to a
matching stage called "line driver" the output of
which drives the power transistor "T,". The match-
ing stage is necessary for optimized base drive.

At middle of trace, the transistor enters into satura-
tion and its current rises linearly. V10 will then issue
a control signal to turn the transistor off. The tran-
sistor will be in fact turned-off after a delay interval
"ts" (storage time) varying from 2 to 8 us depending
on application. The system will then enter into
oscillation during its half-period thereby generating
the line flyback. At the end of flyback time, the line
yoke current is negative while the voltage across
capacitor "C" has fallen to zero. The energy transfer
automatically takes place by the recovery diode
during the first portion of trace time.

Also, it is clear that the line scanning phase with
respect to video signal is determined by the rising-
edge of pin 10 output signal.

High level duration (T10) of pin 10 output signal
Figure 49

§ Correction

T10
29us

'

|
R SR 7N
: urm-off delay)
1
|

mt«fmﬂ
0

|

o
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must be higher than the delay interval "tsmax)" +

the flyback time (i.e. 8 + 12 = 20ps) and must

turn-off before the end of diode conduction :

tTRACE
2

T10 < tsminy + tLF + = < 40us

In practice, one will select the pin 1 capacitor
C1 =3.3nF to yield T10 = 29us.

V.5.3 - Characteristics of loop "¢2"

The function to calculate is a time with respect to
the origin time set by "V¢2". In fact, itis an easy task
to inter-relate the horizontal displacement (in mm)
to a time interval specified in ps.

For a large screen width of 540 mm, the horizontal
scanning time :64 - 12 = 52us, which corresponds
to 1= 10mm/us.

Figure 50

; Scanning Flyback
eS|
91AN2028/29-49
«i=A.(tN-tour) (1)
'V=Z~i+%»K~Vcc—Z‘||N (2)
stouT—tin=B -V +1t4-59.7us (3)
«Z= R
1+1p
*R'=Rn/R
* A=17pA/us
+1=RTC
*«B=16.4us/V
The open-loop dynamic gain is :
- T = ABf(p) = ABZ = ABF (@
= ABIp) = 1+t

The system exhibits the characteristics inherent to
a first order circuit and is therefore stable.
combining equations (1), (2), (3) and (4), the tout
delay is found as follows :

Y4
B= - KV
¢ _t BZIin . tp — 59.7us R ce
OUT =N T 7 14T 1+T
t t
Dynamic  Error Error term Error term
gain  term due due to due to phase
=1 to the delay shift
input adjustment

current (if applicable)

"Iine
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It is therefore clear that the second phase-locked
loop does not cause any dynamic delay.
This can be explained by the fact that the phase
modulator responds instanenously to all variations
of "¢2".
V.5.3.1 - Study of the Static Error
tin = 0 (phase of Vy») is taken as timing reference.
The equivalent impedance of F(p) filter is :
* R'=460kQ (R // RiN) : if an adjustment is applied
to pin 16, or
» Modulator input resistance RIN = 25MQ : with-
out adjustment

a. Phase shift error in case of no adjustment
Equation (5) becomes :

Tour = BRiniIN N tp — 59.7us
1+Ty 1+T4
with : T1 = ABRiNn
Where :
* RiNn = 25MQ touT = - 46ns
* lin=0.65mA which
e td=10us corresponds to a

+T1=6.8x10°=76dB | picture shift of
0.46 mm !
The error is quite negligible and thanks to rather
high open-loop gain, the display accuracy with
respect to the phase setby "¢2", is very satisfactory.
b. Study of shift adjustment
With R, P network connected to pin 16, the tout
becomes :
BE -KVce
-BR'IN  tp—59.7us R

14T |+ 1+To 14T,
With : T2 = ABR’ (where R’ = R // RiN)
and K e [0;1]

Substituting the following values into above equa-
tion :

* R =470kQ

* R’ =470kQ // 25MQ = 461kQ

« A=17x10% A/us

+ B=16us/V

*td =10us

*+T2=125

* Vcc =12V
tout = - 38ns - 390ns + 1.5usxK

therefore tout = 1.5xK - 0.43 (in us )

If K varies between 0 and 1

= tout [- 0.43ms to 1.07us]

which corresponds to a picture displacement of :
ALNE [- 4mm to + 11mm].

tour =
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Shiftvariations as a function of Vcc
(with adjustment)

oy o

dtout _BR 'K~BR 'K~£

dVec 1+T2 To AR
dL

— Kx0.12us/V | Vg ~ 0-34mmY

at KnominaL = 0.28

Therefore, a constant Vcc must be applied to the
potentiometer.

V.6 - Vertical deflection driver stage

This stage must constantly drive the vertical spot
deflection. Such deflection will horizontally scan the
screen from top to bottom thus generating the
displayed image. Similar to horizontal deflection,
the vertical deflection is obtained by magnetic field

variations of a coil mounted on the picture tube.

A saw-tooth current at frame frequency will go
through this coil commonly called "frame yoke".
Frame period is the time required for the entire
screen to be scanned vertically.

C.C.ILR.and N.T.S.C. TV standards require respec-
tively 50Hz and 60Hz Frame Scanning Frequen-
cies. Also, a full screen display is obtained by two
successive vertical scannings such that the second
scanning is delayed by a half line period with
respect to the first.

This method increases the number of images per
second (50 half images/s or 50 frames/s in 50 Hz
standard). This scanning mode called "Interlaced
Scanning" eliminates the fliker which would have
been otherwise produced by scanning 25 entire
images per second.

Figure 51 : Block Diagram of the Vertical Deflection Stage

He2 50/60Hz Top of
50/60Hz T )
Reference Clock s FRAME OUTPU Iy r Picture
togic [T BT POWER .
Frame | & >1 AMPLIFIER
Sync . | Iy L Bottom of
S Free ! ! & Picture
* Reset Foeah Frameth : 'l = :FRAME
A ! ?W""; " Frame |2 YokE
rato =
Composite L-T_,.__I_i"i__J Saw-tooth 1!
Sync 5
Rs
/Vl — +E
Cs
; 91AN2028/29-50

The circuit will generate a saw-tooth voltage which
is linear as a function of time and called "frame
saw-tooth". A power amplifier will deliver to the
"frame yoke" a current proportional to this saw-
tooth voltage. It is thus clear that this saw-tooth
voitage reflects the function of the vertical spot
deflection; which must itself be synchronized with
the video signal. Synchronization signals are ob-
tained from an extraction stage which will extract
the useful signal during line pulse inversion of the
composite sync signal.

Synchronization occurs at the end of scanning, in
other words, when the saw-tooth voltage at pin 5 is
reset. This function is accomplished by the "frame
logic circuitry” of full digital implementation.

This processing method offers various advan-
tages :
- Accurate free-running scanning frequency

Lyz $65:THOMSON

eliminates the frequency adjustment required by
previous devices.

- Digital synchronization locked onto half line
frequency thereby yielding perfect interlaced dis-
play and excellent stability with noisy video signal.

- Automatic 50/60 Hz standard recognition and
switching the corresponding display amplitude.

- Optimized synchronization in VCR mode.

- Generation of various accurate time intervals,
such as narrow "sync windows" thus reducing
considerably the vertical image instability in case
of forinstance, mains interference, superimposed
on frame sync pulse.

- Generation of vertical blanking signal for spot
flyback and to protect the picture tube in case
of scanning failure.

31/55
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V.6.1 - Frame sync extraction

The main duty of this stage is to extract the frame sync pulses contained in composite sync signal.

Figure 52 : Sync extractor block diagram

5.6V
——
83 Ic 2 Frame
.8V + Sync
Co Py A
Composite
Sync [o] o1, -2uA
—_— c =
eC= 35pF
|24 ]
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Two current generators are used to charge and
discharge the integrated capacitor "C". The dis-
charge generator (Ic + Ip) is driven by the compos-
ite sync signal.
Ip - tsyne

C
During frame trace, the capacitor is discharged at
each line sync pulse thereby generating a AV of
-0.94V with respect to 5.6V and then recovers the
charge by current "Ic". The comparator output re-
mains fow.

The AVc across capacitor is : —

V.6.2 - Frame saw-tooth generator
Figure 53

The discharge time is 27us at the first line sync
inversion applied to comparator input. The voltage
"V¢" then falls from 5.6V to 0.2V and triggers the
comparator "Co" which will deliver a frame sync
pulse when "V¢" crosses the 2.8V level.

The overall arrangement behaves as an integrator
and will therefore suppress any noise susceptible
to be present on input signal.

An external capacitor pin 20 can be added to the
integrated capacitor C to increase the frame sync
time constant.

FRAME LOGIC BLOCK_||

Cs

Rs
(2.7M0)
(470nF)

I

Frame Saw-tooth
Output

3
R3
(2.2ka)
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The frame saw-tooth is generated by an external
RC network on pin 5.

The time constant "R5 x C5" is much higher than
the frame period. Therefore, the generated saw-

32/55
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tooth is quite linear.
The network is discharged by an internal transistor,
controlled by the frame logic block.
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20ms (50Hz)

Figure 54
Vs
A
4N f-mpy——— —————
1.26V T——} -
(VReF) 1
1
164ps
1
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V.6.2.1 - 60Hz STANDARD SWITCHING

The NTSC standard requires a vertical picture
scanning frequency of 60Hz, i.e. a saw-tooth period
of 16.66ms.

In order to obtain an identical deflection amplitude
whatever the standard (50 or 60Hz), the saw-tooth
amplitude for both periods must be the same.

60Hz standard recognition is performed automati-
cally by the frame logic block, which will issue a
signal to drive a current generator "Aleo". This

half line period (32us). The required periods and
time intervals are obtained by counting the clock
pulses.

For the sake of clarity, timing signals so obtained
are labeled by the line number corresponding to
video signal.

The time corresponding to "x" scanned lines with
respect to the beginning of frame saw-tooth
(RESET) is therefore :

tx = 64us (x - 1) + 32us

current will be summed with the external charge Figure 55
current and will increase the saw-tooth slope, so as
to yield same saw-tooth amplitude to that set in swel LU Ur
50Hz standard. This current is centered around
14pA and is a fraction of Irer applied to pin 14. I Le2s f L1 f L2
Employing the recommended component values !
for network connected to pin 5, this current will RESET ﬂ'
result in identical amplitude in both standards. (Counter) - 1
I
leo x Teo 50 X Tsp 60 r— !
AVsg = —Cs = —05 = lgo = Iso XE =12 xls0 Hi2 LN Il'l l’] I} !
! ] L2
E 200V !
|50—R‘—m=74}1A:>|50=88pA /\-—/
Frame : 3
- Saw-tooth 7
therefore Also = 14uA {oin 5 : §
V.6.3 - Functions of frame logic block H ';X S
1
This section is fully implemented by 1L logic gates. [ S 2
It is clocked by an accurate "H/2" clock running at ' bl
R 33/55
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Figure 56 : Block Diagram

BINARY DIVIDERS

ot LT T e
Q 10

1 Q

-~ 32,768ms
P o W June
Frame Blanking ~®—|\iSCELLANEOUS| b

. FUNCTIONS N

FR! Inhibition —~=—] =

1
(o1 VCR - Sync
Window

Generator

Video Recognition

Sync Windows
(Mute) -

VCR

Y

DIGITAL SYNC

DIRECT S¥YNC

Extracted
Frame Sync

Free-running

Frequency
Pulses

2-bit Reglster
(50Hz)

50/60Hz
{dentification

I

algo
or CONTROL
48ys (VCR)
—_

DISCHARGE
FLIP-FLOP

Saw-tooth Generator
Capacitor Discharge

91AN2028/29-55

V.6.3.1 - 50/60 Hz Standard recognition

This function is performed by two shift registers
which are loaded by sync pulses (if present) and if
these pulses fall within the time interval specific to
each standard. These intervals are called "Register
Windows" and labeled "WR(50)" and Wr(60).

Figure 57

L247 Ler7 L3og Lats
1 Waemy ! m
17.696ms  19.744ms i 20.128ms

15.773ms :

60Hz l 50Hz
Syne 16.66ms syne 20ms
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a. 50 Hz Standard Recognition

This identification is considered valid if two sucess-
ive sync pulses applied to 50 Hz shift register fall
within the 50Hz window "WR(50)". At the time of
synchronization capture, the first pulse will reset
the counters. The second pulse, if present, will
then trigger the 50Hz identification 20ms later
[Ib(50) = 1].

34/55
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The identification is not valid if two sucessive 50Hz
pulses are not detected. Identification signal is also
used to reduce the vertical synchronization window
in 50Hz standard thereby offering excellent noise
immunity against noise susceptible to be present
in sync signal and hence good display stability.

b. - 60 Hz Standard Recognition

This identification is validated after three sucessive
sync pulses at 16.6us period have been detected.
Three pulses are necessary to ascertain the iden-
tification prior to switching the saw-tooth amplitude.
The identification signal [Ip(60) = 1] is also used to
reduce the synchronization window and, in case of
one or two missing pulses close to 60Hz, to setthe
free-running frequency.

V.6.3.2. - Vertical synchronization window - Free-
running period

In the absence of sync pulse various free-running
periods are specified. Since vertical scanning must
be always active, these free-running periods must
be higher than those of 50 and 60Hz standards so
as to ensure synchronization.

An other window, allowing synchronization only at
the end of scanning, is also necessary. Upon syn-
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chronization, this window will aillow vertical flyback
only at the bottom of screen. This window should
be narrow for good noise immunity but also wide
enough to yield, upon synchronization, a capture
time unperceptible on screen.

In our case, as long as no standard identification
takes place the window will remain wide, and once
one of the standards has been identified, the win-
dow will be considerably reduced.

In VCR mode, this window will be always wide since

frame frequencies delivered in high-speed search,
slow review and picture pause modes are very
much variable and must be taken into consider-
ation.

Inthe absence of transmission (Mute = 0), synchro-
nization is disabled (so as to avoid incorrect syn-
chronization due to noise) and the free-running
frequency is around 50Hz. This will eliminate the
occurrence of picture overlay at the end of trace at
a lower free-running frequency.

Figure 58 : Definition of Synchronization Windows and Free-running Periods

L247 La77 L30s L3is Last
Re_c_;is(er:s * + + + *
Window l 4159 Eg,a.'i‘zjl
|
;
No Transmission Wez0 1 '
(Mute = 0) Frae-running Period E
Reset
Mute=1 w
IDsp =0, IDgg = 0 M /II(/ —
or ‘ ! i
VCR Mode Reset i i i
Mute=1
1Dsg = 1 WR(50)
50Hz Standard Reset
Mute=1
Iogo=1 WR(e0)
60Hz Standard Reset |
91AN2028/29-57
Maximum capture time Figure 59
The worst case capture time occurs when the first
sync pulse just precedes the sync window. Wide
Let’s find the number of periods necessary for the T W/ndow
capture to occur, i.e. tn = 0. Saw-tom/ﬁ//:@;
TL-T
sn=-t"%Y" T -23ms, Tw=7.3ms i i e
TL - Tsyne Sync | M ] ”
. : : Pulses 1
» 50Hz : the number of periods is 6 - . l o
] = '
= TcAPTURE(MAX) = 120ms =S (caNpture)
» 60Hz : the number of periods is 3 °
= TCAPTURE(MAX) = 50ms 91AN2026/29-58
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V.6.3.3 - Frame blanking signal

This signal is necessay to blank the display during
each frame flyback. It is triggered at the beginning

Figure 60

of frame saw-tooth flyback. The duration of this
signal is 1.344 ms (or 21 lines).

First Frame

Second Frame ]] | | " Il |] m || || |] || ”'

A A

7z

Frame Blanking ——
(pin 4)

* 24 lines for TEA 2029

- 1.344ms —————————— |
(21 lines)* 1

/4
7/

1

! IL22

A n
:—zo—us—!———:k-uus

1[4

1

L335
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This "frame blanking" signal is available through
pin 4 (TEA2028 only) which is an open-collector
output.

It is also present within the normalized super
sandcastle signal on pin 11 (TEA2028 and
TEA2029).

V.6.3.4. - Frame blanking safety (TEA2028 only, for

Its duty is to protect the phosphor coating of picture
tube in case of any problem with vertical deflection
function such as scanning failure.

A signal to monitor correct scanning is provided by
the frame yoke and applied to pin 2.

In case of any failure, all frame blanking outputs are
disabled and go high thereby blanking the entire

TEA2029 refer to section VII.5) screen.
Figure 61 : Block diagram
[} +
1
i
Frame : 70’“@3
Y‘i;)l%m__@g- 1200
1nF T
! input
Fiyback : Frame Blanking
(no safety) Frame Blanking
Output

V2 3
(1.26V)—_,—1—"T""‘— CI—

Frame
Yoke
Current

(with safety)

[4]
By ey

S§.s.C.
{pin 11)
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During trace phase, the voltage across frame yoke
has a parabolical shape due to the coupling capac-
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itor in series with yoke. During frame flyback, the
current through frame yoke must be rapidly in-
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verted. Conventionally, a two-fold higher supply
voltage is applied across the yoke. This will pro-
duce an overvoltage called "flyback".

The safety monitoring status is detected on the
falling-edge of flyback, i.e. at the beginning of
scanning. A differentiator network is used to trans-
mit only fast voltage variations.

The required pulse is then compared to 1.26 V
level. Frame blanking goes high in the absence of
negative pulse (zero deflection current) or if the
pulse does not fall within the first 21 lines (ex-
agerated over-scanning).

V.7 -Switching power supply driver stage

Switching takes place on the primary side (mains
side) of a transformer by using TEA2164 SMPS

V.7.1 - Power supply block diagram
Figure 62

Controller manufactured by SGS-THOMSON
Microelectrics.

Required voltage values are obtained by rectifying
different voltage outputs delivered through second-
ary windings. The horizontal deflection stage is
powered by one of these outputs delivering around
hundred volts.

This voltage source must be regulated since any
voltage fluctuation will yield variations of the hori-
zontal display amplitude.

The TEA2028 monitors this voltage and transmits
the regulation signal to the primary controller cir-
cuitry via a small pulse transformer. The character-
istics of this regulation signal are directly related to
the conduction period of switching transistor.

Y
Malns
Input ly

TEA 2164

Line Deflection f
Stage Line
/]'/l' Saw-tooth
e ——— e = 13— — -
135V :
! TEA 2028
P
9 +
A
1.26V ]
-+
Vrer M1
Ju *|
7Hx1H & M2
28s_—
Window
SAFETY
START-UP
! FLIP-FLOP CIRCUITRY
1.26V
i 174 = | TSR —— ——

I 91AN2028/29-61
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V.7.2 - General operating principles

A fraction of the 135V output voltage to be regu-
lated is compared to the 1.26V reference voltage.
Resulting error signal is amplified and then applied
to phase modulator "M¢", which will deliver a
square waveform at line frequency whose duty
cycle depends on the value of input voltage "Vg".

A second phase modulator "M2" will determine the
conduction period as a function of voltage on

pin 15. This function is mandatory for system start-
up.

A 28us window is used to limit the conduction
period of the primary-connected transistor.

Supply output (pin 7) and line output (pin 10) will
be disabled if any information indicating abnormal
operation is applied to safety input (pin 28). Con-
sequently, all power stages are disabled and the
TV set is thus protected.

V.7.3 - Electrical characteristics of the internal regulation loop

‘Figure 63

Low-pass
Filter

91AN2028/29-62

The phase modulator implemented by a simple
transistor "T1" will compare in current mode, the
image of amplified input (i1) with saw-tooth current
(i2) atline frequency. With "i2" rising, as soon as the
sum of "it + i2 - Inc" goes positive, the transistor
enters into saturation thus determining the output
conduction period.

A low-pass filter implemented by combination of a
100pF capacitor and the input impedance of tran-
sistor "T1", attenuates all frequency variations
higher than the line frequency.

« Input Amplification :
_ i
A= v~ 3.3pA/mvV
« Modulator conversion gain :
dtour

B =1 = _0.558us/pA
dl1

38/55
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« Overall gain of the internal loop :

dtout _ _
Qv = 1-9us/mV x (fo = 15kHz)

1
f
1+Jfo

Figure 64 : Conduction period (pin 7) versus
Input voltage (pin 9)

\ton (bin 7)
1

28ys 1
/— -1.9us/mv
10ps 4
i2ev T o VN
H : (pin 9)

“_"<——’1
9.5mV  5.2mV

91AN2028/29-63
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SMPS WAVEFORMS

For discontinous mode "flyback” configuration
The primary-connected transistor is turned-off dur-
ing the line flyback.

All interference signals due to switching and sus-
ceptible to affect the video signal will not therefore
be visible on screen.

Figure 65
Vi3 /l/‘-/]./
H .
i 2
In
tF—JA\ N N
28ys (max)
ton
[
PRIMARY |
PULSES |
]
1 1
PRIMARY [
1
CURRENT 7 A 4
SECONDARY | |
RECTIFIER DIODEL_] N P~—
CURRENT, E
135V
SECONDARY
WINDING 7= LA l Ln | L.
VOLTAGE I_I L_l
91AN2028/29-64

Regulation Characteristics
The following characteristics have been measured
on a large screen and yield excellent results :

» 135V voltage regulation as a function of mains
voltage : better than 0.5% for mains voltage
variations of 170Vrms to 270Vrms (P = 60W at
135V)

» 135 V voltage regulation as a function of load :
better than 0.5% for a delivered power of 35W
to 120W.

This type of power supply offers the following ad-
vantages :

« Overall efficiency enhancement : better than
80%

» Reduction of interferences by synchronization
on horizontal frequency

&y 33 THOMSoN

« Full protection of the primary-connected transis-
tor in case of short-circuit or open-load on sec-
ondary terminals

» Can provide 1W to 7W, for TV standby mode
operation (refer to TEA2164 application note).

V.7.4 - Power supply soft-start

Whenthe TV setis initially turned on, control pulses
are not yet available and consequently the control-
ler block on primary side will impose a low-power
transfer to the secondary winding. This power is
produced by an intermittent switching mode called
"Burst Mode".

As soon as the Vcc supply to TEA2028 exceeds
6V level, line and SMPS outputs are enabled. Since
the filtering capactitors on secondary side cannot
charge up instantaneously, the voltage to be regu-
lated would not yet be at its nominal value. Without
conduction period limitation upon start-up, the de-
vice will set a maximum cycle of 28us which will
result in a high current flow through the primary
winding and thus through the switching transistor
which will in turn activate the protection function
implemented on primary side.

Consequently, the primary controller block will be
inhibited and the set will not turn-on.

A start-up system has been implemented within
TEA2028 to overcome this problem.

This soft start system, will upon initial start-up, use
the image of the falling voltage on pin 15toincrease
progressively the conduction cycle. The phase
modulator "M2" compares this voltage with line
saw-tooth voltage and delivers the corresponding
limitation cycle.

During supply voltage rising cycle [Vcc (pin 8)
< BV], the capacitor pin 15 will charge up rapidly
while the voltage across it follows Vcc.

At Vcc 2 6V, the capacitor is discharged via an
internal current generator and the voltage across it
decays linearly.

At V15 < 3.5V (line saw-tooth peak-to-peak volt-
age), phase comparator "M2" delivers a low con-
duction period which will gradually increase.

The conduction period (pin 7) will rise until the
secondary voltage reaches the value set by poten-
tiometer "P". When this occurs, the loop is acti-
vated.

39/55
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Figure 66
PINS
SUPPLY VOLTAGE A 12V -
| S
! 55V =N
1 : -t
‘ !
PIN 15
VOLTAGE ! !
W 8 sk,
' - {
SMPS CONTROL 1 Softstart area
OUTPUT VOLTAGE !
(pin 7) ‘Hegulated Mode, t
LINE y
OUTPUT VOLTAGE
(pin 10)* I 77 Bctive S@ie 77 7777 77 777,

* Line output (pin 10) and thyristor control output (pin 4) for TEA 2029

t
91AN2028/29-65

The pin 15 discharge current value is 100uA for a
duration of 2us line frequency.

Therefore Ipav) = 100 x 2 _ 3.1pA

64

Figure 67

ton

28us
1.75 3.5
PIN 15 VOLTAGE
I\
91AN2028/29-66
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Conduction period limitation voltage (pin 15)
ToN(LIMy = 56us - 16 x V15 (in us)

V.7.5 - Protection features

As soon as a safety signal (V < 1.26 V) is applied
to pin 28, line and supply outputs (pins 10 and 7)
are both disabled. Capacitor "C15" begins charging
up until the voltage across it reaches 4 V (K x Vcg).
Outputs are again enabled and conduction period
gradually increases as it occurs upon initial start-
up.

The device will be definitively inhibited if the cycle
of events is repeated 3 times.

For the device to restart, the internal 3-bit register
should be reset which requires the Vcc to fall below
4 V.
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Figure 68
PIN28
voLTAGE A Inverted
V) for
1. . K % I R TEA 2029
N |
0 -
PIN15 ! 2 3
VOLTAGE ! .
V) 43 L !
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* Line output (pin 10) and thyristor control output (pin 4) for TEA 2029
91AN2028/29-67

Pin 15 charging current : Ic(av) = - Ipav) = - 3. 1pA
V.7.6 - TV Power supply in standby mode

V.7.6.1 - Regulation by primary controller circuit
This mode of regulation called "Burst Mode" is
performed only by the primary controller circuit and
is activated in the case of missing control pulses or
in the absence of power supply to TEA2028.

In this mode, power available through secondary
winding is limited. Refer to TEA2164 Application
Note for further details.

Higher powers can be obtained by using the regu-
lation feature offered by TEA2028. In this case, the
horizontal output (pin 10) must be disabled.

Figure 69

V.7.6.2 - Regulation by TEA2028

In this case, all that is required is to disable the line
scanning function thus reducing the overall power
by 90%.

The device power supply regulation loop remains
active, for minimum conduction period to be 1.5 ms
the power delivered through secondary must be
higher than 3 W.

Line Output Inhibition

Two alternatives are possible :

- Grounding flip-flop pin 1

- Apply a voltage higher than 3 V to pin 12.

Line Inhibition
(Standby Mode)

Standby
Mode L

+Vee —l

3V

LF input inhibltion <> Vi, > 3V
91AN2028/29-68
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V.8 - Miscellaneous functions * 4.5V level
V.8.1 - Super sandcastle signal generator Used for horizontal blanking, its duration is de-

This signal used in video stage, is available on pin termined by comparing the line flyback signal
1. on pin 12 to an internal voltage of 0.25V.

It has 3 levels at specified time intervals : * 10 Vlevel
+ 25V level . This signal is used by color decoding stage. its

Used for vertical blanking at each frame flyback. duration of 4us is determined by line logic cir-
Its duration is 21 lines and is generated by the cuitry. With respect to the video signal on pin 27,
frame logic. this level is positioned such that it is used to
This level will be maintained if vertical scanning sample the burst frequency transmitted just
failure is detected on pin 2. after the sync pulse.

Figure 70

VIDEO SIGNAL
(pin 27) i 1
{
i |
: 11 0.3us t
| i 10V }
| | |
1 4us 1
: |
! 4.5v I :
SUPER 2.5V Lino Blanking (12,0) ——] i
SAND CASTLE i

Frame Blanking (21 lines)

(pin 11)

91AN2028/29-69

V.8.2 - Video and 50/60Hz standard recognition output
A 3-level signal is available at pin 24 for video identification (Mute) and for 50 and 60Hz standards
recognition.

Figure 71
Vee p—yff—
Va4
VCC/2 I;l
0 ——pp—r
Without 60Hz 50Hz
Video Standard Standard
Transmit
Identification
91AN2028/29-70
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VII - TEA2029 : DIFFERENCES WITH TEA2028

VIL.1 - General

The TEA2029 has quite the same functions com-
pared to TEA2028.

The main difference is that the TEA2029 incorpo-
rates a frame phase modulator intended to work

Vil.2 - Pin by pin differences

with a switched mode vertical stage using a thyris-
tor.

The TEA2029 can also be used with a linear vertical
power amplifier such as the TDA 8170.

Pin number | TEA2029C TEA2028B
L " Capacitor for horizontal output duration
1 Differential inputs of the frame error amplifier adjustment
(including frame blanking safety in case of (29us typ. with c1 = 3.3nF)
vertical stage failure).
2 Vertical blanking safety input
, Vertical blanking output
4 Frame output for thyristor control (21 lines duration)
10 Horizontal output Horizontal output
(26us typ. duration) (duration is adjustable)
11 Supersandcastle output Supersandcastle output
(with a frame blanking duration of 24 lines) (with a frame blanking duration of 21 lines)
12 Negative horizontal flyback input positive horizontal flyback input
(115 Vpp through a 47 kQ resistor) (10Vpp through a 47kQ resistor)
20 Positive AGC key pulse output Capacitor for frame sync. time constant
(low level when no video) adjustment
Safety input Safety input
28 (inhibition of SMPS, Horizontal and Frame (inhibition of SMPS, Horizontal outputs when
outputs when Vg > 1.26V) Vog < 1.26V)
44/55
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VIL.3 - TEA2029C Pin connections

Pin number Description
1 Frame error amplifier non-inverting input
2 Frame error amplifier inverting input
3 Frame saw-tooth output
4 Frame output (for thyristor control) IR ]
5 Frame ramp generator
L 6 Power Ground |
7 SMPS control output
8 VCC Supply voltage
9 SMPS regulation input R o
10 Horizontal output
11 Supersandcastle output )
12 Horizontal flyback input
i 13 Horizontal saw-tooth generator
14 Current reference
15 SMPS soft-start and safety time constant
16 @2 phase comparator capacitor (and horizontal phase adjustment)
17 VCO phase shift network -
18 VCO output
19 VCO input
e 20 AGC key pulse output )
21 Substrate Ground )
22 @1 phase comparator capacitor
23 VCR switching input )
24 Video and 50/60Hz identification output (Mute)
25 Video identification capacitor
26 Horizontal sync detection capacitor (50% of peak to peak sync level)
27 Video input
% 28 Safety input B
Package : DIP28
45/55
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VIl.4 - Frame phase modulator

The Tranconductance Amplifier "A1" converts the
differential input- voltage into two output currents
"ls1" and "lsa".

|
» A1 transconductance = St

= 10pA/mV
ViN
* B transconductance = I—\j@ = 40pANV
2
» Transfer characteristic = atout _ 6.4us/mv
AVIN

The filter time constant is maximum near the oper-
Figure 73

ating point when Is1 = Is2
In this case :

» The base current of T1 = "ls2 - Is1"

« The filter band-pass = 15kHz
The maximum conduction period of "40us" is de-
termined by the horizontal logic circuitry.
The frame frame flyback is detected by transis-
tor "T3".
There is no feed-back during frame flyback and
"Is3" is maximum (higher than ls) which will drive
the "T3" into conduction.

TRANSCONDUCTANCE B
AMPLIFIER
I—_i___l _\ Ist Is2
V- Vot { foon
+ - V2
(] Var /]/ t 3.5V
t "
T Ts Satety Fr;me Logic 64us
s Super Sand Castle
Filter LF.
c = 14
(150pFI
w
40us
L
Phase Limitation »— &
(Horizontal Logic) | s -
. Frame
Horizontal Flyback bﬁ—c R Q Output
>1 ] % 1
Safety & OnOft ] R
Switching Voltage atout
91AN2028/29-72
Figure 74
[\ ' Flyback
V4 T
40us max
Vis

XV S———
/\/\/ Horizontal Saw-tooth
t
0 -
[,

6us 91AN2028/29-73
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VIL5 - Frame blanking safety

- During trace : Is3 < l4 = T3 is blocked. sandcastle low level remains constant at 2.5V so
- During flyback : Is3 > l4 = T3 conducts. as to protect the picture tube in the absence of
In the absence of flyback detection or if the flyback frame scanning.

interval is longer than the blanking time, the

Figure 75 : Frame Blanking Safety Block Diagram

IYF__‘ L Blanking

y ; Output
—s o= & S o Ml IS
From astie
Frame
Counters
R O =1 s
BLK' & r
IF RESET

91AN2028/29-74

« "|IF" signal is delivered by Frame Error Amplifier (see Frame phase modulator figure)

« |F is high during the Frame Flyback interval
Figure 76

-—-—J—]—' RESET
L——- BLANK’

Ik

|

— St )
H
— 24 lines L Blanking output —
Normal Operation Too Long Flyback Pulse (FRI) 91AN2028/29-75
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VIL6 - On-chip line flip-flop
Figure 77

LF

(Line Flyback) ]

1

OuTPUT

Safety
(pin 28)

91AN2028/29-76

Figure 78
Vig I
VIN o} /
LY -
I '
1
!
Vio
—1
— 26us
Admax = 16us

91AN2028/29-77

VIL.7 - AGC key pulse

Figure 79

T10=35xTvco-K-R14-C13
=70x10°-4R14.C13

Where Tvco is the Vco period of oscillation on

pin 18.

- If in synchronized mode :

* Tvco =2us

* R14 = 3.32kQ2

+ C13=3.3nF

ThereforeT10 =26us (nominal value)

VIDEO SIGNAL

(pin 27)
\ |
12V —f '
11.3us I 2.3ps
AGC T !
SIGNAL ov ! 1 Y
(pin 20) 4 Without
—-—Video Signal

91AN2028/29-78

As illustrated below, this signal is used in some
TV sets to perform sampling window for Automatic
Gain Control of picture demodulation network.

This system is called "clamped" AGC, and locks the
demodulated line sync amplitude and hence sets

48/55
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the video signal amplitude.

This signal generated by line logic circuitry is cor-
rectly positioned by the first phase locked loop "¢1"
and includes the line sync pulse of the video signal.
This is an open-collector output.
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VIl - APPLICATION INFORMATION ON
FRAME SCANNING IN SWITCHED MODE
(TEA2029 ONLY)

VIIl.1 - Fundamentals

The secondary winding of EHT transformer pro-

Figure 80 : Block diagram

vides the energy required by frame yoke.

The frame current modulation is achieved by mod-
ulating the horizontal saw-tooth current and subse-
quent integration by a "L.C" network to reject the
horizontal frequency component.

e ————— e e ey

TEA 2029 |

Horizontal

Saw-tooth

TRANSFORMER i

TVCONTROL

EHT |

Thyristor
(ESM 740) D FRAME
120mH| yoke
60Q (90)
Frame
Amplitude

Adjust
Feedback

—?—i [1](4%

|

Frame Reference
Saw-tooth

Vs +24V Ct

I 1000,F)]

91AN2028/29-79

VIIl.2 - General description

The basic circuit is the phase comparator "C1"
which compares the horizontal saw-tooth and the
output voltage of Error Amplifier "A".

The comparator output will go "high" when the
horizontal saw-tooth voltage is higher than the "A"
output voitage. Thus, the pin 4 output signal is
switched in synchronization with the horizontal fre-
quency and the duty cycle is modulated at frame
frequency.

A driver stage delivers the current required by the
external power switch.

The external thyristor provides for energy transfer
between transformer and frame yoke.

The thyristor will conduct during the last portion of
horizontal trace phase and for half of the horizontal
retrace.

The inverse parallel-connected diode "D" conducts

&7 FEETHOMSON

during the second portion of horizontal retrace and
at the beginning of horizontal trace phase.
Main advantages of this system are :

» Power thyristor soft "turn-on"

Once the thyristor has been triggered, the cur-
rent gradually rises from 0 to IP, where IP will
reach the maximum value at the end of horizon-
tal trace. The slope current is determined by, the
current available through the secondary wind-
ing, the yoke impedance and the "L.C." filter
characteristics.

« Power thyristor soft "turn-off"

» The secondary output current begins decreas-
ing and falls to 0 at the middle of retrace. The
thyristor is thus automatically "turned-off".

+ Excellent efficiency of power stage due to
very low "turn-on" and "turn-off" switching
losses.

49/55

243



APPLICATION NOTE

VIIL.3 - Typical frame modulator and frame output waveforms

Figure 81
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VIIL.4 - Frame power stage waveforms

. Figure 84
Figure 82 ‘
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Figure 86

Figure 87
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91AN2028/29-85
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91AN2028/29-86

The bias voltage "Vg" is supplied by the secondary
winding of EHT transformer. The parabolic effect is
due to the integration of frame saw-tooth by the
filtering capacitor "C1".
ly-T
8.C1- 0.95V
Where :
* ly : Peak-to-peak yoke current = 380mApp
» T:20ms
» C1=1000uF

AVp =

VIIL5 - Frame flyback

During flyback, due to the loop time constant, the
frame yoke current cannot be locked onto the
reference saw-tooth. Thus the output of amplifier
"A" will remain high and the thyristor is blocked.
The scanning current will begin flowing through
diode "D". As a consequence, the capacitor "C"
starts charging up to the flyback voltage. The thy-
ristor is triggered as soon as the yoke current
reaches the maximum positive value.

EHT transformer winding
(for 90° tube : Yoke = L = 120mH, ry = 60)

Figure 88

[? LOAD
YOKE

/ \
{ IpiopE \ —;I Ve
\ITHYRISTOR /I '

N ~

——— N~

7 v

* ViF=210Vpp

* Ivoke = 380mApp

« L = 500pH

* C=0.47uF

* ViF= 9.2 lypp) - Iy

» Flyback duration = 1ms

91AN2028/29-87
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VIII.6 - Feed-back circuit
VIII.6.1 - Frame power in quasi-bridge configuration
Figure 89

FRAME
YOKE
1
Frame Reference Frami ;Lflris;:lirude .
-tooth
Saw-toot! o1 [Ru Rty
v.
R
Vin Vout \ ______
R a. Ryly
Reference dc
Adjust
V+ R'1
P2 o
Vp Ve -
7z
91AN2028/29-88
This stage measures the frame scanning current in Example :
d|ffer;r;tt|ﬁl cmocﬁ gnd compares it to the reference < Ri = 22kQ R,
saw- pin 3. « Vgiag = 5V =R= To

The overall configuration is built around two sym-
metrical networks : .
* "R1, Rz, R3" network : determines the dynamic
saw-tooth voltage
« "R’1, R’2, R'3" network : sets the bias voltage and
the d.c. shift control.
Rz Iy

a.c.gann:G:R—1=VlN~a»RM

where :

* Iy : Peak-to-peak Yoke Current

« VN : Peak-to-peak saw-tooth voltage (pin 3)

« o € [0,1] : amplitude adjustment
VIIl.6.1.1°- Choice of "R" value
The saw-tooth generator output is an emitter fol-
lower stage. Pin 3 output current must therefore be
always negative.

VINMIN)

R<<hi VBias — VINMIN)
Where :

* VBias : Bias voltage for pins 1 and 2
* Vingminy : Saw-tooth voltage low level

52/55
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* VINMINy = 1.26V
VIIl.6.1.2 - Influence of Rz value
Rs sets the bias voltage for pins 1 and 2. This
voltage should be lower than 5.5V so as to enable
the frame to function upon initial start-up at
Vce = 6V.
If the bias voltage is higher than this 5.5V level, the
d.c. open-loop gain will fall thereby rendering the
system more sensitive to d.c. drift.
Satisfactory results are obtained at Vpias values
falling within 4V to 5V range.

—Ro Veias
Vs (Vinmean) - G) - Veias(1 — G)

R

Where : VingveaN) : saw-tooth mean value (pin 3)

Capacitor "C" connected between pins 1 and 2
determines the system stability. Its value must be
appropriately calculated as a function of "R1, Rz
and R3" values so as to reject the line frequency
component.
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VIIl.6.1.3 - "S" Correction circuit in quasi-bridge configuration
Figure 90

TEA 2029

YOKE

91AN2028/29-89

The "S" correction waveform is obtained using the non-linear "Vpiope" versus "Ipiope” characteristics of
"D1" and "D2" diodes.

The signal pre-corrected by "D1", "D2" diodes and the feed-back signal through "R5", are summed at "A".
The "S" correction level is determined by the ratio between "R4" and "R5" resistors.

VIII.6.2 - Frame scanning in switched mode using coupling capacitor
Figure 91

TEA 2029C

|

1

1

1

FRAME :
SAW-TOOTH 1
|

1

4

Linearity
_——Adjustment YOKE
220kQ ].
'
R3 ! R2
1
o tw @ N\
L c2 s Gy
(0.11F) ™ Rt 1o
56kQ Safety
{3 10Q Rs Input

Vertical Amplitude

Adjust
91AN2028/29-90
The parabolic voltage at (a) is integrated by "R2, saw-tooth voltage at (c). The "S" level is determined
C2" network and used for "S" correction. by "C2, R2, R3" network.
The "S" waveform voltage at (b) is added to the
- 53/55
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VIIl.6.3 - Frame safety pling capacitor "Cp" will reach an excessively high
In case of failure in the loop, the thyristor may value.

remain turned-off while the inverse parallel-con- To avoid such situation, the voltage at point (a)
nected diode conducts. This will result in a hazard- should be applied to the "Safety" input pin 28 after
eous situation where the voltage across the cou- it has gone through the matching network "R4, R5".

VIIl.7 - Frame scanning in class B with flyback generator
VIIL.7.1 - Application diagram

Figure 92
Pin 14
200V (TEA 2029)
]
1 27MQ|]| 33KQ
TEA 2029C "
! 4,7om=l 3] T
220
)
1 15nF 10kQ
L2 -
—{2--{s}-- o | e emao
NC. —
w12V 10kQ | zme saw-tooth 100nF-[ 1000,F = ng;f
3.3kQ 2.2kQ 1A RO 100Q [}10Q
Vertical Amplitude i
Adjust 3
91AN2028/29-91
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APPLICATION NOTE

| - INTRODUCTION

The TEA5170 is designed to work in the secondary
part of SMPS, sending pulses to the slave
TEA2164 which is located on the primary side of
the main transformer.

The function of the regulation and synchronization
are carried out by the TEA5170.

An accurate regulated voltage is obtained by duty
cycle control.

The TEA5170 can be externally synchronized by a
frequency higher or lower than the free-running
frequency. This feature is particularly suitable for
TV applications.

I - OPERATING PRINCIPLES OF
MASTER-SLAVE STRUCTURE

This architecture offers two modes of operation :
» Master-slave mode (for normal operation)

Figure 1

* Burst mode (used during start-up and stand-by
phases)

IL.1 - Master-Slave mode

In this configuration, the master circuit located on
the primary side, issues PWM pulses used for
output voltage regulation. These pulses are sent
via a pulse tranformer to the slave circuit (Figure 1).
In this mode of operation, the falling edge of PWM
signal may be synchronized by an external signal
(e.g. by line flyback signal in TV applications).

1.2 - Burst Mode

During start-up and stand-by phases, no regulation
pulses are issued by the master circuit and thus the
slave circuit operates in burst mode. In this config-
uration, the slave circuit determines the switching
frequency and the burst period. (See figure 2)

MASTER

SLAVE
CIRCUIT CIRCUIT

A

Pulses (\ (\

PWM
Signal I I I

Pulse
Input k

Current

U U
91AN5170-01
Figure 2 : Burst Mode Operation
A |
Burst Period _ Switchin
! typ = 30ms " Il 'l !‘_—' Periodg
|
| ! i |
| ! 1 |
] ! |
" 1
1 |
COLLECTOR CURRENT ENVELOP DETAIL OF ONE BURST
91AN5170-02
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1.3 - Operation of a Master-Slave Supply in + In normal mode of operation, the master circuit

TV Application issues the PWM signal for regulation. The
power supply operates in master-slave mode.
The master circuit is simultaneously synchro-
nized with the line flyback signal.

« Power supply start-up. As soon as the
Vce(sTaRT) threshold is reached, the slave cir-
cuit begins operating in burst mode. While the

The arrangement generally employed is depicted
in Figure 3. On the secondary side, a microcon-
troller is connected to the remote control receiver
which issues control signals for stand-by and nor-
mal modes of operation. (Figure 4).

. _In s}and-by mode, the device power consump- secondary voltages are being stabilized, the
tionis low (few Watts). The master will no longer microcontroller holds the TV set in stand-by
send any control pulses to the slave which will mode.

consequently begin operating in burst mode. Once the start-up phase is terminated, the set may

Power supply regulation is performed by the slave remain in stand-by mode or switch into normal

circuit through the auxiliary winding. mode of operation.
Figure 3
5 H Muting
' d AUDIO Control
i ! ouTRUT
: STAGE
H - . é
: R
: . .
: P S,
. M, 9
PoL e
: c 4 :
5 VOLTAGE
; ] : REGULATOR Remote
' U H Stand-by
E ;Synchronizalbon
: Veo -
: TEA 2164 | TEA 5170 || »e
‘l' : Vee
; i "HECEIR
i Ny rewM|
: —r H
E Puise H
1+ Pi: Output valtage adjustment in normal mode Transtormer '
i\ P2: Output voltage adjustment in stand-by v E
e e _
91AN5170-03
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Figure 4

2
4
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Tt
2

commands issued by 4P

91AN5170-04

lll - Description of TEA 5170
The TEA 5170 is a fixed frequency PWM signal generator operating in voltage mode regulation.

lil.1 - Block Diagram

Figure 5
R
-
|
POWER
LOGIC
¢, [1}—]osciLLatol QUTPUT
(1 Rl | el —— | smacE |]
27V
E COMPARATOR
C(s-sTARY) »
E,E]___ SOFT-gTART town | Loaic
Spax ~
Error
Inverting Amplifier
Input E' b} _PWM
v
v
; Monl?o(;lng
e} o 2} —{s}—
Vour GND Voo PWMout
91AN5170-05
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1.2 - Oscillator

The oscillator generates a linear saw-tooth signal
and sets the free-running frequency. This oscillator
can also operate in synchronized mode.

111.2.1 - Operation in free-running frequency
mode. (See figure 6).

I1.2.2 - Operation in synchronized mode

The oscillator is synchronized by forcing the saw-
tooth return.

Enabling the synchronized mode (Figure 7)

The synchronized mode is enabled when the signal
pulse on pin 8 (Rt) coincides with the oscillator

saw-tooth return. The "Ct" capacitor charge current
is then multiplied by a factor of 0.75.
The TEA 5170 will remain in synchronized mode as
long as the synchronization pulses fall within the
following window :
(0.8T1+T2) < Tsyne < (1.33 T1 + T2)
Where :
» T1: Ct charge time in non synchronized mode.
» T2 : Ct discharge time

Synchronization signal (Figure 8)

Synchronization signal is applied to pin 8 "Rt" and
the capacitor "Ct" is discharged when voltage "Vgt"
exceeds the "2.7 V" threshold.

Figure 6
Vipy = 1V
Vinz = 2V
ey
R
.
Vcome
Vcomp
2V + Vgg
] ]
] I
e —T—— ] |=—T2
i
¥ T : period AJ:
T1=05xRxC
T=C, (0.5xR, +1330)
T2=1330xCy
91AN5170-06
Comment :

The internal current generator used to charge the
"Ct" capacitor is disabled for the entire phase where
"VRt" is higher than 2V. Thus, in order to maintain

Figure 7

the saw-tooth shape of the oscillator signal, the
"VRt" voltage should fall to 2V before the capacitor
"Ct" full discharge.

\Z

SYNCHRONIZATION
< WINDOW ___

ASYNCHRONIZED SYNCHRONIZED
MODE N MODE
91AN5170-07
(37 SGS:THOMSON >3
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Figure 8

Rt g

27V |- /\

-
91AN5170-08

1.3 - Error Ampilifier (Figure 9)

The on-chip error amplifier can be accessed
through its inverting and output terminals.

The non-inverting input is internally tied to refer-
ence voltage level.

Comment :

An internal inverting amplifier sets the correct
phase polarity of the error amplifier output signal
for regulation.

1ll.4 - Pulse Width Modulation (Figure 9)
The TEA5170is a PWM signal generator operating

Figure 9

in voltage mode. The pulse width is determined by
comparing the error signal "Vom" with the oscillator
saw-tooth.

Whenthe error signal "Vom" exceeds the regulation
range, internal threshold components will set a
minimum conduction time tonMin) and also limit the
maximum conduction time tonMAX).

At initial start-up, a soft-start function implemented
by linear charge of soft-start capacitor "C(s-sTART)"
is used to vary gradually the tonimax) threshold. The
output pulse width varies from tonmin) to tonmax)
nominal value for Vc(s-starT) voltage variation of 0
to 2V.

Vom

Vosc PWM

Amplifier Vpins
Output
VpiNe

Vosc

PWM
Inputs

PWM
Qutput

91AN5170-09

6/13
256

(yy SGS-THOMSON
Y/ TCRoELECTRONICS




APPLICATION NOTE

Figure 10

-

LOGICAL
CONTROLLER

)

7.V

b j— _W,.{g_.

»

91AN5170-10

lIi.5 - Output Stage (see figure 10)

The output stage operates in on/off mode. For a
supply voltage higher than 8V, the output signal
value is independent of the supply voltage. (Typical
value : 7V)

11L.6 - Vcc Monitoring

Vce Rising : When Vcc reaches the value
"Vee(sTarTy', an internal switch enables the opera-
tion of the output stage and the soft-start capacitor
begins charging.

The internal logic circuitry becomes operational
before Vcc has reached the "Vcc(sTarT)" value.

Vec Falling : When Ve falls below the "Vco(stor)”
level, the negative output stage is switched-on, the
transistor is turned off and the soft-start capacitor
is discharged.

IV - TV POWER SUPPLY APPLICATION BUILT
AROUND TEA5170 (Figure 15)

General structure and operational features of this
power supply were outlined in section 1.

The details covered below apply to a power supply
configuration using the slave "TEA2164" device.

(Refer to TEA2164 data sheet and application note
"AN409/0591" for further details).

IV.1 - Main Application Characteristics

Characteristic Value
Input voltage 170Vac to 270Vac
Output power 20W to 120W
Output power in stand-by
mode 1W to 6W
Switching frequency 32kHz

Synchronization on line flyback signal (positive)

Lyy SGS-THOMSON
YT RGNS 257

V.2 - Components External To TEA5170

Component Value Calculation
Also refer to TEA2164 application note "AN-
409/0591" for calculation methods applicable to
other power supply elements.
The external components determine the following
parameters :
o Operating frequency
o toN(MIN)
o Soft-start
o Error amplifier gain
Ideal Values
e Period of operation "Tosc" : 32us
o ton(miny duration : 1.2us
o soft-start duration : 20ms
o Error amplifier gain :
« DC gain Gpc = 35
+ AC gainat 1/10 x Tosc : Gac = Goe/5 =7

713
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IV.3 - Free-Running Oscillation Frequency

For efficient use of TEA5170 and TEA2164 syn-
chronization windows, the periods of both devices
are determined as folows :

T Tsyne
0sC(5170) = 4 (s
Toscsi70)
Tosc(2164) = 1203
Where :

* Tsync : line flyback signal period

* Tosc(s170) : TEA5170 free-running period

» Tosc(21e4) : TEA2164 free-running period
Numerical Application
Period of synchronization signal being
Tsyne = 32us :

T
Tosc(5170) = %O'\IGC = 30.2us
Toscsi70 30.2
Tosc(2164) = _1§.2_3,_) = 1223
- 24.7us

The TEA5170 free-running period is determined as

Where :

Ci= tonminy — 0.5 x 1078
1330
* Rt = 105kQ (1%)
* Ct = 560 pF (2%)

IV.4 - Error Amplifier Compensation
« A high DC gain is required for good accuracy.
« For stability reasons, the AC gain must be at-
tenuated so as to avoid injection of the switching
frequency component into the regulation loop.

. _ R2 + R1
DCGaln'GDC_RSXAR2xR1

1
R3 x —~
- AC Gain : Gag = ——19C , B2+ R1
1 R2 x R1
R3+—
joC
Assumptions :

* R2 > > R1 since Vout >10 VRer so the value of
R2 does not modify the result of calculation and
only R1 and R3 influence may be taken into
consideration.

* R1=2.2kQ, R3 = 75kQ

+ With cut-off frequency in AC regulation mode :

follows : s fc= S — =>C=22nF
Tosc(5170) = Ct (0.5 x R + 1330) 10 x Tosc
Figure 11
[+
11
R
T Rz ) C:IRS {
\'/
ouT - S
R1 '[-l- REF
b/
91AN5170-11
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IV.5 - Synchronization Signal Matching Stage

(Figure 12)

The synchronization signal is generated from the

line flyback.

The pulse amplitude is given by :

Vensmax - R winps s R

Vsyne R+Rp

The pulse time constant is (R+ Rp)C and should be

lower than the saw-tooth fall time.

Thus, for a line flyback signal amplitude of 50V :

Comment :

R =6.8kQ2, Rp = 75kQ, C = 150pF

Practical and theoretical values may differ slightly
since the rise time of the line flyback signal is not

generally negligible.

Figure 12
EHT
TRANSFORMER
Z
91AN5170-12
IV.6 - Soft-Start Period Duration V.7 - Transformer Characteristics
In this application, the duration of soft-start is (Reference : G4453-02 OREGA)
around 20ms, Winding J Pin Inductance
With : —
+ C(s-START) = T(s.sTART) X 2 X 10 = 47nF n 36 680 uH
Figure 13 NAUX 7-9 7uH
n2 19-13 592 puH
3 R n3 | 19-20 12 uH
- B0 n4 1 14-17 5uH
n5 22-21 25 uH
[J;ix \ o
& e
. ©
11 :
7 o
7 p=4
<
L .
(7 SGS-THOMSON o113
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1V.8 - Operation

1V.8.1 - Start-Up

The power supply of TEA5170 begins rising grad-
ually upon initial start-up of the primary circuit.
When Vcc reaches the value Vcc(start) = 4V, the
oscillator has already begun running and the soft-
start capacitor "Cs-sTaRT)" begins charging. The
conduction time is tonviny and rises gradually.

1V.8.2 - Stand-By

This function is externally activated by grounding
the "stand-by” input thereby disabling the power
supply of TEA5170. (Figure 15).

To return to normal mode of operation, this pin
should be left floating.

IV.9 - Delay Time In Synchronized Mode

IV.8.3 - Synchronized Mode

The differentiator at synchronization input will
transform the line flyback signal into a rectangular
pulse whose time constant is around 1ms.

In this mode of operation, there is a lapse of time
between the falling edge of the synchronization
signal and the real transistor turn-off (Figure 13).
In TV applications, this time should be less than the
line flyback duration so as to avoid the occurrence
of on-screen visible disturbances.

t1 and t3 times are specific to TEA5170 (11 + 13 =
800ns typ.)

t4 is specific to the primary circuit (= 800ns typ. with
TEA2164).

Only t2 = tonginy and t5 = tstg of the switching
transistor can be modified according to individual
application requirements.

Figure 14
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V - DC-DC CONVERTER
(9V £ 40% => 24V , 1.5W) (Figure 16)

This low power converter employs a transformer
wound on a low-cost ferrite former.

The configuration is protected against open loads
and short-circuits.
Transformer characteristics

 Primary inductance : 53.5 pH

« Transformation ratio for 24V :ns/np =2
Regulation Characteristics

« Line regulation at 4.9V to 15V : 24V £ 0.22%

« Load regulation for (0.4Pmax - Pumax) :
24V + 0.12%

« Power range : 0.24W to 1.6W
« Efficiency : 40%
V.1 - Electrical Diagram

Figure 16

V.2 - Operation

* The period of operation is determined by Rt and
Ct components.

* Minimum conduction duration : 0.6 pus
* Free-running period : 29 ps
« Soft-start period duration : preset at 100 ms.

V.2.1 - Open-load Protection

in case of low load values, the minimum conduction
time tongviny with respect to the period of operation
is too high to maintain the output voltage at its
nominal value. The only solution to stabilize the
voltage is to increase the period of operation by
reducing the charge current of the oscilator capac-
itor Ct. This is obtained by injecting additional cur-
rent into resistor Rt as soon as the output voltage
Vour rises.

R 24V

v
sVIo tav >

1N4148
i

. = BOmMA
Np Ns 2200 | 47
R S 228 e ka }' K 24v

C N I '

4148
P aia 3.9knl| “mm

id
NS
BY100-200 yp J

91AN5170-16
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V.2.2 - Short-circuit Protection

When the current through transistor becomes sub-
stantially high, the transistor is saturated and in-
duces a high dlc/dt . The diode on switching tran-
sistor base is then forward biased and begins
deviating a portion of the base current. This phe-
nomenon is self amplified and therefore resulis in
rapid transistor turn-off.

V.2.3 - Demagnetization Monitoring

In order to avoid magnetic flux runaway, the tran-
sistor should be driven into conduction only once
the transformer has been fully demagnetized.
While the transformer is being demagnetized, the
secondary-connected rectifier diode is forward bi-
ased and thus maintains the error amplifier output
at 0 potential. The allowed conduction period is
consequently tonMIN).

Lyy SGS-THOMSON
Y7 NiCRoELERONIES

VI - CONCLUSION

The TEA5170 requires a very simple configuration
and yet offers excellent regulation quality combined
with synchronization possibility for flyback-type
converters.

The TEA5170 can be used in converters operating
at 16 kHz to over 100 kHz frequency range.

Access to error amplifier and soft-start input are
some of the remarkable features offered by this
device whose application areas are by no means
limited.

The TEA5170 belongs to the family of master

controller devices characterized by their outstand-
ing flexibility of use and application performances.

13/13
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SUMMARY (continued)

.6 START-UP

1il.6.1 Start-upresistor . . . ... ... ... ..
6.2 Selfsupply . .. .............
1.6.3  Secondary controller circuit start-up . . . .

.7 PROTECTIONFEATURES . . . ... ..

.71 Overload protection . . . ... ... ...
I.7.2  Short-circuit protection . . . . . ... ..
1i.7.3  Repetitive overcurrent protection . . . . .
l.7.4  Overvoltage protection . . . ... .. ..

1.8 OSCILLOGRAMS . . . . ... ... ...

v APPLICATION VARIANTS . . . . . . ..
V.1 ALL MAINS APPLICATION . . . . . . ..
V.2 117 VOLTS APPLICATION . . . . . . ..

V.3 APPLICATION WITHOUT STAND-BY

| - INTRODUCTION

The TEA2164 is a Switching Power Supply Con-
troller circuit designed to operate in Master-Slave
structure.

This device is located on the primary side of power
supply and requires the addition of other controlier
device such as TEA2028 or TEA5170 connected
to the secondary side.

1.1 - Master-slave structure
1.1.1 - Block diagram

Figure 1

The main application of this circuit is in switching
mode power supplies operating in discontinuous
mode flyback configurations used in TV receivers
at 60 W to 150 W power ratings.

The device incorporates a "Burst Mode" feature
which offers excellent functional efficiency in
"Stand-by" mode of operation.
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1.1.2 - Fundamentals

The "Master" device located on the secondary side

of the power supply performs the following func-

tions :

- Output Voltage Control : Monitors the Conduction
Period of the "Slave" circuit so as to provide
Output Voltage Regulation as a function of Mains
and Load variations.

- Switching Frequency Synchronization on Hori-
zontal Scanning Frequency

The "Slave" circuit provides for the following func-

tions :

- Power supply start-up

- Optimized Switching Transistor base drive

- Power supply regulation during stand-by opera-
tion

- Protection against
» Overloads
« Short-circuits
» Open-loads
» Missing control pulses normally delivered by

secondary block.

1.1.3 - Principles of regulation

A fraction of the voltage to be regulated is obtained
from a voltage divider network and compared to an
internal reference voltage. The error voltage deliv-
ered by comparator is used to modulate the dura-
tion of the output pulse delivered by PWM (Pulse
Width Modulation) Controller. The frequency of
these pulses is determined by an internal oscillator
synchronized on the horizontal scanning of the TV
set.

PWM output signal is differentiated and forwarded
towards the primary controller via a small low-cost
pulse transformer which provides galvanicisolation
between primary and secondary sections.

The differentiated positive signal pulse will turn the
transistor on while the negative pulse will turn it off.
Conduction period variation will determine the
amount of energy stored within the transformer
during each cycle so as to maintain a constant
output voltage whatever load and mains voltage
variations.

I.1.4 - Advantages offered by this architecture

The "Master-slave" architecture offers the following

advantages :

- Excellent output voltage regulation

- Main output voltage is not influenced by signifi-
cant variations of auxiliary voltages (no sound
interference within image display, even at audio
power levels as high as 2 x 30 W).

q
20

- The coupling between transformer primary and
secondary windings is no longer a critical require-
ment for regulation; which allows use of low-cost
transformers (such as SMT5 series manufac-
tured by OREGA)

- Synchronization on TV line scanning frequency
will suppress any on-screen interference pro-
duced by power transistor turn-off, and eliminate
the need of additional output voltage filtering
components.

- All power supply protection features are imple-
mented on primary side thereby allowing efficient
and fast response to :

« Current limitation
« QOvervoltage protection
« Persisting overloads

- Other protections can be implemented to limit or
disable the duration of regulation pulses issued
by PWM, in case of failure detected within any
section of the TV set.

1.2 - Stand-by in burst mode

The secondary power required in stand-by mode is
often quite iow (1 W to 5 W in majority of cases).
Instead of operating the system at low ton duration,
which is a difficult task with discontinuous mode
transformer, the TEA2164 offers a "Burst Mode" to
perform the stand-by function.

- T1 : Burst duration

Figure 2

COLLECTOR
CURRENT ‘ ‘
e |

.

Twﬂﬁ!ﬁﬂp.

91AN2164-02

- T2 : Burst period (period of VLF oscillator)

The T1/T2 ratio is fixed internally.

The TEA2164 allows the switching transistor to
conduct only for typically 13% of the internal VLF
oscillator period.

A pulse train "T1" calied "Burst" is thus obtained.
The repetition period "T2" can be set externally by
capacitor "C1" connected to pin 10.

In this mode of operation, the power transferred to
the secondary windings is very low.

The collector current envelope has been optimized
to yield efficient soft start and to minimize the audio

MSON 3/30
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noise generated by switch mode transformer. Also,

the free-running frequency "fosc" is shifted towards

20kHz so as to eliminate all audible noise in stand-
by mode.

In this mode, the secondary output voltages are

regulated by a feed-back loop on primary side. The

TEA2164 will switch from synchronized mode (reg-

ulation by master circuit on secondary side) to burst

mode (stand-by) as soon as the synchronization
pulses, normally delivered by secondary block, are
no longer available.

It is therefore obvious that the most efficient solu-

tion to implement the burst mode is to cut supply to

master which will consequently be unable to deliver
any synchronization puise.

The stand-by function in burst mode offers the

following advantages :

- Eliminates the need for auxiliary stand-by power
supply and therefore its costly building elements
such as stand-by mains transformer, relay or
other specific components.

- Good power supply efficiency, thanks to burst
mode, allows low mains power consumption in
stand-by.

Il - THE TEA2164 INTEGRATED CIRCUIT

1.1 - Description

The TEA2164 is cased in a 16-pin DIL package.
The 4 center pins (2 on each side) are connected
together and used to evacuate the heat.

The device includes the following functional
blocks :

- A free-running oscillator which can be synchro-

4/30 57 SGS-THOMSON

nized on the frequency of pulses issued from
secondary.
- A Very Low Frequency (VLF) oscillator used for
burstmode.
- An input stage to shape positive and negative
input pulses.
- An output stage with two complementary ampilifi-
ers:
- one, to provide the positive base current to turn
the switching transistor on,
« the other, to provide the negative base current
required to turn the transistor off.
The positive base current is proportional to the

-collector current.

- A sophisticated protection system featuring :
+ Collector current limitation at 2 threshold levels
» A device to memorize the occurrence of over-
loads and short-circuits, and to disable the
power supply completely after a pre-determined
time constant.
» Vce monitoring device with 2 thresholds :
- Upper threshold : for overvoltage protection
- Lower threshold with hysteresis : for system
start-up
- Supply Voltages :
« one pin for general supply (Vcc)
« one pin for power supply of the positive output
stage (V")
« four pins for power supply of the negative output
stage (V')
(according to application type, these pins can
be grounded)
» one pin for ground connection

MICROELECTRONICS
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1.2 - TEA2164 Simplified block diagram

Figure 3
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1.3 - Pin configuration
1 Ground
2 lcopy
3 C2
4 v
5 v
6 Input
Batwing DIP16
7 Rosc (plastic package)
8 Cosc
9 R, 1.4 - Operating modes
10 i 11.4.1 - General description
The TEA2164 can operate in two distinct modes :
11 lemax " " ;
- - "Normal" (or synchronized) mode :
12 v Synchronization and regulation by secondary
13 v controller circuit.
” Outout - "Burst" mode :
utpu In this mode, the TEA2164 operates as a stand-
15 v* alone device.
16 Voo This mode is used upon start-up and in stand-by
mode.
5/30
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Two additional modes are also available :

- Long interval safety mode : the device is fully
turned-off although it is correctly supplied
(pin 3 capacitor has stored the occurrence of
repetitive overcurrent)

- Start-up mode : the device is in low-consumption
mode, its Vcc has not yet reached the Voc(sTarT)
threshold.

The normal start-up sequence is :

« Start-up Mode
* Burst Mode
» Synchronized Mode

11.4.2 - Synchronized mode

In synchronized mode, control pulses delivered by
secondary block are differentiated and then applied
to pin 6 input.

Figure 4

The positive pulse will synchronize the internal

oscillator by discharging the "Cosc" capacitor,

which will generate a constant width pulse called

"sTART" signal to be applied to positive stage output

amplifier.

Similarly, the negative input pulse generates a

"sTop" pulse which is applied to negative stage

amplifier whose output is used to turn-off the

switching transistor.

The "sTART" signal is disabled under following con-

ditions :

- voltage applied to Vcc terminal is higher than
+15V

- current protection device has detects a coliector
current higher than "lcmz)".

If the current reaches "Ic(u1)" threshold, the current

limitation device will generate the "sTopP" pulse.

-
OSCILLATOR - Start
& P
cono [ —
Sync Eg?
Ve 2 15V
leguy
IN INPUT STAGE | —
I:' >1 Stop -

Icmax)
DETECTION

-—e IC(M1)
a3 lcim2)

Ic(max)

91AN2164-04

11.4.3 - Burst mode

\f no control pulses are present at device input
terminal, the TEA2164 will operate as stand alone

in burst mode.

The switching frequency is given by the internal

and is used to turn the switching transistor on.

Transistor turn-off is performed by "lc(m1)" current
limitation through soft-start block or by "tonmax)”
value set by resistor "R1" connected to pin 9 (or
voltage applied to pin 9).

oscillator whose value depends on external com-

ponents "Rosc” (pin 7) and "Cosc” (pin 8).

The "START" signal is generated by the oscillator

6/30
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Figure 5
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11l - APPLICATION EXAMPLE

(120 W - Discontinuous mode flyback power supply with stand-by in burst mode)

1.1 - Characteristics & application diagram
I11.1.1 - Characteristics
- Discontinuous mode flyback SMPS
- Standby function using the burst mode of
TEA2164
- Switching frequency :
« Normal mode : 15625Hz (synchronized on hor-
izontal deflection frequency)
« Stand-by mode : 19kHz
- Nominal mains voltage : 220Vac (50Hz or 60Hz)
- Mains voltage range : 170Vac to 270Vac
- Nominal output power : 120W
- Mains power consumption :
« Normal mode : 150W max
 Stand-by mode : 5W (with 3W at secondary
side)
- Efficiency :
+ Normal mode : 85% (under nominal conditions)
« Stand-by mode : 60%
- Regulation performance at high voltage output :
* better than 0.5% versus mains variations of
170Vac to 270Vac
« better than 0.5% versus load variations of 35W
to 120W

73

SGS-TH
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- Overload and short-circuit protection with com-
plete power supply shut-down after a pre-deter-
mined time constant

- Open-load protection by output overvoltage de-
tection

iIl.1.2 - Application diagram

The first diagram illustrates the primary block built
around TEA2164.

The system is set into stand-by mode of operation
by the switch connected to +15V supply.

Regulation pulses can be generated by a PWM
device such as TEA5170 or delivered by a deflec-
tion circuit such as TEA2028 or TEA2029 which
includes on-chip power supply regulation.

The second diagram depicts the full application
diagram for a complete TV set power supply and
scanning built around TEA2164 and TEA2029.

A microprocessor will introduce 100ms delay inter-
val for the system to start-up in stand-by and then
to switch into normal mode (synchronized and
regulated by TEA2029).

7/30
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Figure 6 : TEA2164 typical application
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1.2 - Transformer calculation

The power supply must meet the following specifi-

cation requirements :

- Mains voltage range : 170Vac to 270Vac (50Hz
or 60Hz)
i.e. 200Vpc to 380Vpc taking into account the
supply ripple

- Output power : 10W to 120W max
i.e. 150W at input

- Switching frequency : 15625Hz

- Main output voltage : +135V

Figure 8
Vout
Pour
t
v t
'R |
Vin-- - I’“ A\ —
t
ton + tdm |
H ]
. J—
91AN2164-06

The transformer primary inductance "Le" and trans-
formation ratio "n2/n1" are to be calculated while
taking into consideration limits related to conduc-
tion time "ton" and switching transistor currents and
voltages (lc and VcE).

Following conventional expressions are em-
ployed :

_LexIB

Pin=""%7

U]

10/30
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Vin X ton
Ip = —INXON
2 L 2)

n2 _ Vin xton
— X —

tom =
= Vour

combining (1) and (2)

tON:Lx V2PN x T x Lp (4)

Vin

combining (3) and (4)
_n2 1

n x Vout

tom 2Pnx T x Lp (5)

First limit : The system should always operate in
discontinuous mode
® |

The worst case is specified with Pinvax) and
VINMIN)

na A , T
1 ni _
[Vm o v OUTJ\[ES 2P invAx) @)

Second limit : Maximum voltage across the switch-
ing transistor :

UCE(MAX) = Vinmax) + VR (8)—|

[ therefore : tonmax) + tammax) < T

ni
h :Vp= —
where : VR = Vout X 2

Third limit : Maximum current through the switching
transistor :

2P nmAX) T
lemax) = Lp 9)

To minimize the voltage across the power switch,
we shall select a reflected voltage of Vr = 150V.
Therefore :
n2 135V
nt~ 50V 0.9
» Inorder to take full advantage of the transformer
ferrite core, one shall select the extreme limit of
demagnetization :
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therefore :

tonmMAx) + tammaxy = T

L= T Vinminy X Vourt
P~ 2Pinmax) n2
ni

(10)

Vout + — Vinminy

Le="5 150 *

_64x10°
135+ 0.9 x 200

200 x 135 JZ

Lp = 1.55mH
Characteristics of the ferrite core used in this case
will require 80 primary and 72 secondary turns.
TRANSFORMER SPECIFICATIONS
- Reference : OREGA - SMT5 - G.4173-04
- Mechanical Data :
* Ferrite : B50
» 2 cores : 53 x 18 x 18 (THOMSON-LCC)
= Airgap : 1.7 mm
- Electrical Data :

Pin Number | Wire Size Ig?]"g:

Number | of Turns (mmj) wH)
Primary 3-6 80 0.45 1550
Forward 2-1 3 0.45 3
Flyback 79 7 0.45 145 |
Secondary
+ 135V 19-13 72 0.45 1240
+15V 17-14 9 2x045 | 22 |
+ 25V 21-22 14 2x0.45 52

Using this transformer :

- maximum voltage across the switching transis-
tor :

l Veemax) = Vingwax) + VR —|
Vcemax) = 380 + 150 = 530V

- maximum current :

2P NMAX)
_\J TR g
lomax) = Lp

ﬂ SGS-THOMSON

iGN

2x 150 64 x 107°
loguax) = 1.55x 102 =35A

- Maximum conduction time at Pinmax) :

V2 x PIN(MAX) x T x LP

tON(MAX)=ﬁ\/2X150X64X 10°x155x 107

tonmax) =

VINMINY

tonmax) = 27.3us
- Minimum conduction time at PingiN)

N2 x PIN(MIN) xTx Lp

tonminy = Vv

toNMINy = ;ﬁ V2 x125x64x 10 °x 1.55% 10 3

tonMming = 4.1us

Comment :

When using high value secondary filtering capaci-
tors or if the switching transistor storage time is too
long, the system start-up at high mains voltages
may be difficult.

Infact, upon start-up, the secondary filtering capac-
itors are discharged which will result in very long
demagnetization time. According to both, trans-
former characteristics and minimum conduction
time, the transformer is magnetized and the peak
primary current begins rising (the current does not
any longer begin rising from zero).

In worst case, the current can reach the threshold
level "Iciuz)" which will consequently prevent the
power supply start-up.

Two solutions are available :

* Reduce the number of secondary turns which
will decrease the demagnetization time (but
also increase the switching transistor reflected
voltage)

» Reduce the primary inductance while keeping
the transformation ratio constant (which will also
increase the RMS and peak current values)

Under all circumstances, an efficient transistor
base drive combined with a not too long storage
time (3.5us to 4us) are required.

11/30
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1.3 - Switching transistor & its base drive
I1.3.1 - Current limit calculation
Figure 9
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The "Rs" resistor sets the switching transistor col- 200

lector current limitation value. Power supply reli-

ability is directly dependent on the value of this

resistor, which is calculated as a function of the

maximum power required from the secondary

winding.

Lets set the secondary power limit at 150W value :
PiNn= PC:]UT = PiNn=175W

(with efficiency n = 0.85)

2Pinmaxy X T
lcmax) = Lp
2x175x 64 x 107°
leauax) = 1.55 % 107 =3.8A

The storage time at this current value is approxi-
mately 4us (with BUS08A).

The collector current slope at nominal mains volt-
age is 0.2A/ps .

The current limitation threshold level must there-
fore be fixed at 3A.

The "Icqut)" voltage threshold is typically 0.84V :

therefore : Rs = % =0.28Q

In practice, the selected value is Rs = 0.27Q
At minimum mains voltage level, the slope is
smaller and the maximum current therefore be-
comes :

12/30
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0.84 _
IC(MAX):EE+WX4X1O $-36A
At maximum mains voltage level, the slope is
sharper and the maximum current therefore be-
comes :

0.84 380

084 380
0.27  155x 1072

111.3.2 - Switching transistor

It was demonstrated that under normal operating
conditions, the maximum collector current value is
around 4.1A while the maximum collector voltage
is approximately 530V.

Factors such as the overvoltage produced at the
time of transistor turn-off, transformer leakage in-
ductance and peak currents generated in the event
of short-circuits, must be also taken into account.
At the time of transistor turn-off and under worst
case conditions (maximum mains voltage, signifi-
cant overload), the "Vce" voltage across the tran-
sistor can reach 1000V.

Therefore, a transistor with Vces > 1200V must be
selected.

In case of short-circuit, transformer is magnetized
and the collector current value will reach 5A (with
0.27Q measurement resistor and 1.35V typ. Vcmz)
threshold).

Therefore, a transistor with lcmax) = 7A must be
selected.

|C(MAX)= X4X10~6=4.1A
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The BUS08A and equivalents are perfectly suit-
able.
111.3.3 - Switching aid (snubber) network
The "Snubber" network is built using a combination
of "R, C, D" components to limit the dV/dt slope
and to reduce the collector current rise up.at the
time of transistor turn-off.
Switching losses at turn-off which are proportional
to "V x |" product are thus minimized.

«C=22nF
Figure 10

* R =220Q

+ D:BA159

+ T : BU508A
Whatever load and input voltage conditions, it must
be ensured that the system will operate perma-
nently within the safe operating area of the transis-
tor.
A 100Q resistor connected between transistor base
and emitter terminals will improve the voltage
behaviour. :

Vce

91AN2164-10

11.3.4 - Base drive

A bipolar switching transistor requires a positive
base current to enter into saturation while a nega-

Figure 11

tive base current is necessary to turn it off.

The shape of base current waveform is illustrated
in the following Figure.

e A

£

91AN2164-11

1 - Constant amplitude pulse to turn the transistor
on (duration depends on oscillator saw-tooth re-
turn)

2 - Base current proportional to the collector current
(lcopy function on pin 2)

3 - Saturated base current to limit the circuit power
dissipation (function implemented through the re-

sistor in series with pin 15)

4 - On-chip delay interval of "0.7us" to prevent
simultaneous conduction of positive and negative
stages

5 - Negative base current to remove the charge
stored within base (storage time - duration of which
depends on type of switching transistor)

13/30
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Figure 12
3xD l/l
out pHbt
100Q
TEA 2164 L_i]'—‘
c
91AN2164-12
*L=25uH current delivered by TEA2164 should not exceed
*R=10Q -1.7A . The 10Q resistor connected across this
* C =47uF inductor helps the damping of base current oscilla-
« D 1N4001 tions at the beginning of transistor conduction.

The base drive circuit is a "capacitive coupled”
device. There is therefore no need to apply a
negative voltage "V -" to pins 4, 5, 12 and 13 which
will be grounded. P.C.Board tracks connected to
these pins must be wide enough to allow efficient
evacuation of the power dissipated by device.
The positive base current goes through 3 diodes
connected in series. Capacitor connected across
these diodes will be charged to a value equal to 3
times forward diode voltage drop. This voltage is
sufficient to turn the transistor off.

This capacitor must be selected to withstand the
effective current through it, which is mainly the
negative turn-off current.

The inductor in series with base, limits the dIB/dt
slope and thus the base current, at the time of
transistor turn-off. The inductance value must be
adjusted to yield efficient turn-off while the negative

Figure 13

Comment :

In order to avoid all problems at TEA2164 output
stage, it is recommended to connect a 1N4444
diode between the output terminal (pin14) and the
ground, as illustrated in Figure 12 above.

In case of capacitive drive and if a negative
voltage appears across output terminal (due to
inductor L), this diode will deviate the current
towards ground thereby preventing reverse bias
of the negative output stage.

111.3.5 - Rcory Resistor Calculation

This input is used to set the switching transistor
forced gain, that is, to deliver the base current
necessary for a required collector current.

Input pin 2 can be considered as a virtual ground
terminal and therefore :

Rs x Ic = Rcopy x lcopy

L

91AN2164-13

Also, the current gain between input (pin 2) and the
output (pin 14) is :

1000 = Ig = 1000 x lcopy

The forced gain is therefore :

lc _ Rcopy 1
s~ Rs 1000

14/30
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A forced gain of 2.25 (Busosa) with Rs = 0.27 will
yield : Rcopy = 600Q

In practice, one would select the optimal value by
observing the dynamic aspect of the saturation
voltage on an oscilloscope. This is why Rcopry =
390Q is selected with BUSO8A.
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111.3.6 - Calculating the value of resistor connected
to v+
In order to prevent high current flow through the
integrated circuit and also to limit the power dissi-
pation, the output stage is operated in saturated
mode in high positive output currents.
The maximum recommended positive base current
is 1.2A.
Selected maximum power supply voltage is +12V.
Lets calculate the resistor value required to yield a
maximum current of +1A.
The voltage drop across three diodes connected in
series is typically 0.9V x 3 =2.7V at 1A.
The base-emitter saturation voltage of BU508A is
around 1V. The TEA2164 output stage voltage drop
is approximately 1.4V.
Therefore :

12V -1V -(3x0.9V) - 1.4V
Rv+ = 1A
Preferred value Ry. = 6.8Q is selected.

Figure 14

=6.9Q

Comment :

- It is obvious that the maximum Is+ value is
directly dependent on the power supply voltage.
Therefore, Vcc variations as a function of mains
voltage, through the forward self-supply winding,
must be taken into consideration.

- All calculated values must be optimized on the
prototype board by taking into account all operat-
ing conditions of the switching transitor to be
used.

lil.4 - Input pulses & oscillator

11.4.1 - Input pulses (pin 6)

The regulation PWM and sync pulses issued by the
controller circuit on secondary side are sent to the
primary side through a pulse transformer that en-
sures galvanic isolation between primary and sec-
ondary sections. The PWM pulse is differentiated
by the pulse transformer.

Theinput signal (pin 6 of TEA2164) frequency must

Puise
Transformer

SMPS
Output

TEA 2028

91AN2164-14

fall within the sync window :

0.65 fosc < fsyne < fosc
The positive drive pulse will turn the transistor on
while the negative pulse will turn it off. Prior to
transistor turn-off, the positive base current is inter-
rupted and then after a constant time interval, the
negative base current is applied to turn the transis-
tor off.
For appropriate system operation, the amplitude of
pulses applied to input pin 6 must fall within + 0.5V
to + 1V range.
The pulse transformer can be built by 2 few turn
windings wound on a tore or ferrite rod.
111.4.2 - Oscillator (Rosc , Cosc - pin 7 and pin 8)
The free-running frequency is given by :

1
0.4 x Rosc x Cosc + 470 x Cosc

fosc =

Lyr SEETHOMSON

Choice of fosc must take into account the following
constraints :
+ fosc must fall within the sync range :
0.65 x fosc < fsync < fosc
» the free-running frequency fosc must not fall
inside audible frequency range in stand-by
mode :
fosc = 20kHz
The sync frequency value used in TV applications
is 15.7kHz.
The free-running frequency "fosc" value is selected
to be 19kHz so as to fall at the center of sync
frequency range. This frequency is close to 20kHz
and is therefore not audible.
The value of "Cosc" capacitor determines the os-
cillator saw-tooth discharge time. This time has a
directinfluence on "tonminy" used by TEA2164 and
therefore should not be too long so as to aliow a

15/30
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low "ton(min)".

We shall select Cosc = 1.2nF
The corresponding value of Rosc is calculated as
follows :

1 470

= - == = 108KQ
04x19x103x12x107° 04

Rosc

Selected value is : Rosc = 110kQ

The tolerance of these components is calculated
as a function of maximum admissible free-running
frequency dispersion while also taking into account
the minimum and maximum limits of the horizontal
scanning frequency.

1.5 - Stand-by

The system will enter into stand-by mode by simply
disconnecting the power supply to the secondary-
connected PWM regulation device (TEA5170 or
TEA2028). In the absence of control pulses nor-
mally delivered by the secondary block, the
TEA2164 will switch to "burst” mode in which case,

Figure 15

the power transfer falis to a low value.
II.5.1 - Very low frequency oscillator

The period of this VLF Oscillator is determined by
capacitor "C1" connected to pin 10.

For C1 = 100nF, the VLF oscillator period is approx-
imately 30ms. The typical burst duration is there-
fore 3.9ms - which is 13% of the VLF oscillator
period.

The ripple ratio of secondary output voltages in
stand-by mode depends on VLF oscillator period
and hence on the value of capacitor C1.

111.5.2 - Regulation in stand-by mode

A feed-back loop connected to pin 9 is used to
modify the maximum conduction period in burst
mode and to allow the regulation of secondary
output voltages in stand-by.

The feed-back information is delivered by the self-
supply flyback winding of TEA2164. This signal,
once rectified and filtered, is animage of secondary
voltages. This voltage is applied to an adjustable

TEA 2164

GND
1}

oUT [14]

Lg.[

91AN2164-15

divider bridge and then to pin 9 which is used for
output voltage adjustment in stand-by operation. It
is recommended to choose the voltage values in
stand-by slightly lower than nominal values used
under normal operating conditions. A 1nF capacitor
has been added to pin 9 which will improve the

16130 57 $55:THOMSON

filtering of the regulation voltage.

111.5.3 - Maximum power in stand-by operation
The collector current envelope shape varies as a
function of the secondary power consumption in
stand-by.

MICROELECTRONICS
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It follows that the power which may be tranferred
to the secondary winding in stand-by is therefore
limited.

Figure 16

The maximum power in stand-by can be estimated
as follows :

Psg < Psgmax)

lc

IGMAX) F ———— =~ e m ey r
Psp = Psamax)
-
91AN2164-16

Puax o 4 fss l11.5.4 - Booster circuit for higher stand-by output

PSB(MAX)S73 x0.13 fovne power
= P = 20 x 0.13 x ‘9X_1033 —8W When higher stand-by output power is required, it
3 15.7x 10 is possible to add a network on pin 10, which

Comment :

- at Psg = Psgmax) , Ca capacitor (pin3) is slowly
charged and the voltage on pin 3 will reach the
protection threshold value (3V typ.) and the
SMPS is shut down.

modifies the shape of the VLF oscillator saw-tooth
and increase the T1/T2 ratio.

The burst duration "T1" is not modified, only the
VLF oscillator period "T2" is shorter, which will
increase the available stand-by output power.

Figure 17
TEA 2164
L T
| 10uA ‘ OSCILLATOR |
]
1 Discharge !
e = e e — 4

vei Without add. Network

T/T2>13%

] t
——— 72—

91AN2164-17

Lyz $GS;THOMSON
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111.6 - Start-up

111.6.1 - Start-up resistor

Upon initial system start-up, the mains filtering
capacitor is charged through the rectifier diode
bridge.

Figure 18

The voltage across the device power supply capac-
itor (pin 16) is low and less than the "Vcc(starT)"
value. The TEA2164 is therefore in low consump-
tion state. The supply voltage capacitor "C1¢" be-
gins charging through a high value (100kQ) resistor
"RstaRT" connected to the rectified mains voltage.

e
MLy

lccsTaRT

RsTART
(100k0)
Cis

(2204F) '

“lano TEA 2164

91AN2164-18

- The capacitor charge up time is given by :

Vecstarm % Cie
N

Rstart

tCHARGE =

- lecsTART

9x220x107°
tcHARGE = 310 =0.85s
S (08x 107
100 x 10~

At minimum mains voltage level : tcHarGE = 1.2
- The power dissipated within "RsTART" resistor is :

p_ Vi Veo®
RsTART
2
= % =0.9W (P = 1.4W at Mains max level)
x

An application variant is when the start up resistor
is directly connected to non-rectified mains.

In this case and in order to obtain an identical
start-up time, the value of "RstarT" resistor must
be divided by n. The power dissipation is thus
reduced by approximately 30%.

111.6.2 - Self-supply

As soon as the voltage on pin 16 reaches the
VeestarT) level of 9V, the TEA2164 will start-up
and deliver the base drive pulses to the switching
transistor at internal oscillator frequency (set by
Rosc and Cosc). The duty cycle of these pulses
gradually increases (soft-start). During this cycle of
operation, the device does not receive any control

18130 &7 $6S:THOMSON

pulse from the secondary controller circuit and
therefore operates in "Burst mode".

The start-up will correcty take place if the device is
rapidly self-supplied, that is, before the voltage
across the supply capacitor on pin 16 falls below
Vce(stop) threshold.

The TEA2164 is supplied by two distinct secondary
windings, one connected in flyback and the other
in forward configuration.

The forward voltage will rapidly provide the supply
required by TEA2164 whereas the flyback voltage
will begin rising slowly and depends on various
secondary time constants.

Main advantage of the flyback voltage is that it
provides a regulated supply voltage proportional to
the secondary voltages.

A +12V voltage has been selected for device power
supply at nominal mains voltage level. A lower
value such as +10V can be selected which will also
reduce the power dissipation. Note however that
since the overvoltage protection threshold is inter-
nally set at +15V, then the lower is the supply
voltage level the greater will become threshold
margin.

At nominal mains voltage, the forward voltage
value is selected to be 1V below the flyback voltage
value so that, the supply voltage at maximum
mains voltage, will not rise much above its nominal
value (and will remain below 15V threshold level).

I11.6.3 - Secondary controller circuit start-up
After a time interval required for the secondary

MICROELECTRONICS
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power supply capacitors to charge up, the second-
ary-connected regulation controller circuit will be
powered and as soon as its supply voltage "Vcc"
reaches the "Veo(starm)” level, it will begin deliver-
ing regulation and synchronization pulses. The
TEA2164 will receive these pulses and will conse-
quently switch from "Burst Mode" to "Normal Mode"
synchronized and regulated by the secondary con-
troller circuit.

The secondary controller circuits (TEA2028,
TEA2029 and TEA5170) have a "soft-start” func-
tion. This system allows better transition when
switching from stand-by mode to normal mode.
The TEA2028 and TEA2029 controllers have no
"tongviNy" function, and for this reason, it is neces-
sary to choose lower voltage in stand-by mode than
in normal mode. Otherwise, switching from stand-
by mode to normal mode will not be possible (sec-
ondary controller circuit will not issue regulation
pulses as long as the output voltage remains above
its nominal value).

The TEA5170 has a "tonviny” function, but it is also
recommended to choose the stand-by voltage
under the nominal value so as to avoid overvoltage
when switching from stand-by mode to normal
mode.

For further details on secondary controller circuits,

Figure 19

please refer to TEA5170 and TEA2028-TEA2029
Application Notes (AN407/0591).

I11.7 - Protection features
111.7.1 - Overload protection

The current limitation is set by resistor "Rs" as a
function "lgm1)" threshold, such that the power
transfer is limited at 150W. If the load connected to
secondary requires higher power, the current limi-
tation is activated and will limit the power transfer
by lowering the output voltage.

I1.7.2 - Short-circuit protection

In case of short-circuit, the secondary voltage falls
to zero and the time required for the transformer to
demagnetize becomes very long. The collector
current will no longer start at zero level but at the
final value of the preceding period. The current
value will rapidly reach "lc1)" and then "lcmz)"
threshold levels.

Only the "lcim2)" threshold will disable the device
and switch it into "Burst Mode". The device will
re-start at the beginning of the following VLF oscil-
lator period. However, if the short-circuit still per-
sists, the "lcim2)" protection threshold is once again
activated.

(i

Ic
lome) +——~--——=————
COLLECTOR
CURRENT
“Ie”
(Burst Mode)

~a— TosC ~o=

-t

91AN2164-19

111.7.3 - Repetitive overcurrent protection

Each time that "lcm1)" or "lcmz)" thresholds are
reached, an event counter will charge up the ca-
pacitor "C2" connected to pin 3. If the overload
persists, the voltage across capacitor will reach the
3V threshold level and TEA2164 is consequently
disabled (no power transfer to secondary will take
place).

To exit this protection mode, the mains voltage
must be disconnected during a time interval long

(_71 SGS-THOMSON
. MICROELECTRONICS

enough for all capacitors to fully discharge. The
system can re-start only once the capacitors have
been discharged.

I11.7.4 - Overvoltage protection

If an overvoltage (produced by improper adjust-
ment or failure) appears at secondary terminals,
the primary flyback voltage will rise and if the +15V
threshold level is reached, the TEA2164 is dis-
abled.

19/30
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An overvoltage would be also generated if the load If the secondary controller device has a "tongin)"
on secondary terminals is disconnected. In this function (TEA5170), the protection is performed at
case, if the secondary controller device is not equi- the primary side by the +15V overvoltage threshold
ped with tonmin feature (TEA2028 , TEA2029), it level.

will stop sending the regulation pulses and the

TEA2164 will consequently enter into "Burst

Mode".

111.8 - Oscillograms

Figure 20
1- NORMAL MODE : Base Current

Vpin s : 1V/div
Ig : 1A/div Load : 90W
Scale : 10ps/div

Ig : 2A/div

—0]

Mains : 220Vac
[}
0]

1omV  §01 10nus

Figure 21

2-NORMAL MODE : Primary and Secondary Currents

Ic : 1A/div
‘,“"'“‘“’"’"’ A Mains : 220Vac
' Load : 90W
Scale : 10us/div
Is : 1A/div

anm—
10my 10my

20/30
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Figure 22

3 - NORMAL MODE : Collector-emitter Voltage

Vein s : 1V/div

Pem———"
. Mains : 220Vac
t  Vce: 200V/div Load : 90W
Scale : 10ps/div
\/ Ic : 2A/div

Wor——

10my B0t

Figure 23

4 - NORMAL MODE : Current Limitation Voltage

Vpin 6 : 1V/div

. . —_—
\ \ VeiN 11 : 0.5V/div Mains : 220Vac
Load : 90W
A N
Scale - 10us/div
\/ / I : 2A/div

- ——

SO0my 10my g,OAi 10ns

Figure 24

§- NORMAL MODE : Oscillator Saw-tooth

] VpIN & : 1V/div
(4]

VpIN 8 : 1V/div
Mains : 220Vac
1.6V Load : 90W
Scale : 10ps/div
Ic : 2A/div

100mU  10my a1

21/30
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Figure 25
6 - NORMAL MODE : V+ Supply Voltage

Veins : 1V/div
-12V
. Mains : 220Vac
Vein 15 : SV/div Load : 90W
Scale : 10us/div
t o 2A/div
S00my  10my LI

7 - NORMAL MODE : Oufput Volitage

Vpineg @ 1V/div
Mains . 220Vac
VpIN 14 : 2V/div Load : 90W
- 0sv Scale : 10ps/div
Ic : 2A/div

200mV  10mY "0,1

8- NORMAL MODE : Flyback and Forward Voltages
(TEA 2164 Power Supply)

VFORWARD : 5V/div
VELYBACK : SV/div

Mains : 220Vac
Load :90W

Scale : 10us/div

500my

22/30
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Figure 28

Figure 29

\

”/
LN

8 - NORMAL MODE : Transistor turn-off

Ve : 200V/div
Ic : 1A/div Mains : 220Vac
Load : 90W
Scale : 500ns/div

10 - NORMAL MODE : Saturation Voltage

Ig : 0.5A/div

Mains : 220Vac

g Load : 90W

Scale : 2ps/div

Vegsam © 1V/div

100my  10my

Figure 30

MICRO

‘Y_I SGS-'IHOMSON

11 - NORMAL MODE : Safe Operating Area

Mains : 220Vac
Load :90W

Ic : 0.5A/div

V¢E : 100V/div

23/30
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Figure 31

12- STAND-BY MODE : VLF Oscillator

VPIN 10 : 1V/div

Mains : 220V¢

12v Load :3W

Scale : 8ms/div

F ¢ :G0.5A/iv

100mY  10mY

Figure 32
13- STAND-BY MODE : One Burst

?  Vpin 10 1V/iv

Mains : 220Vac
1.2v Load :3W
Scale : 500yus/div
i RN L it Ic : 0.5A/div
e |~ 0

100mY  10mU ) S00xs

Figure 33
14 - STAND-BY MODE : High Frequency OscHllator

b VpiN 50 : 1V/div

~16v Mains : 220Vac

Load :3W
Scale : 10ps/div

> I :0.5A/div

— 0

‘y SGS-THOMSON
d ICROELECTRONICS
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Figure 34
15 - START-UP SEQUENCE

m Start Mode
m Burst Mode

~12V & Normal Mode

VPN 16 : 2V/div

Scale : 200ms/div

0 Ic : 1A/div

Figure 35

16 - OVERLOAD PROTECTION
(Pin 3)

Scale : 200ms/div

Vpin 16 1 5V/div

VPN 3 : 2V/div
=0

Figure 36

17 - SHORT-CIRCIT PROTECTION
(Pin 3)

+  Ic: 2A/div

-0 Scae ; S0ms/div

t  Veinz:2Vidiv

. 25/30
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IV - APPLICATION VARIANTS

V.1 All mains application

IA wide input voltage range application can be
configured around TEA 2164. We have built a
power supply delivering 90W output power at
mains input voltage range of 90Vac to 260Vac.
Difficulties encountered in such application are
given below :

- Very wide regulation range : if a discontinuous
mode flyback transformer is employed, the con-
duction time would be highly variable.

The "tongmax)" duration is determined as a func-
tion of maximum power output and the minimum
mains voltage level.

The "tonminy" duration is determined as a function
of minimum power output and the maximum
mains voltage level.

Start-up at minimum mains level : appropriate
selection of start-up resistor and self-supply wind-
ings.

Optimized switching transistor base drive and
appropriately dimentioned protection features to
operate over the whole mains voltage range :
both, the base current, and supply voltage values
and hence the self-supply windings, must be ap-

26/30
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propriately calculated.
FEATURES
- Discontinuous mode flyback SMPS
(Lp = 0.84mH)
- Standby function using the burst mode of
TEA2164
- Switching frequency :
» Normal mode : 15625 Hz (synchronized on hor-
izontal deflection frequency)
+ Stand-by mode : 19 kHz
- Mains voltage range : 90 Vac to 260 Vac
- Mains power consumption :
* Normal mode : 110 W max
» Stand-by mode :
6.7W (at 110V)
9.8W (at 220V)
(without degaussing coil)
- Efficiency :
« Normal mode :
83% (at 110V)
80% (at 220V)
(measured with 86W output power)

SON
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1V.2 - 117 Volts application

Main Features : - Stand-by using the burst mode of TEA2164
- Discontinuous mode flyback SMPS (Lp = Comment :

0.62mH) An optimization of the start up has permitted to
- Switching Frequency : 15.7kHz eliminate the need of the self-supply forward
- Mains Voltage Range : 90Vac to 140Vac winding and therefore to suppress some compo-
- Output Power : 90W nents.

Figure 38 : 117 Volts Application Diagram

PULSES

<
89
+ O

O 412V
[ GROUND
T

i
[} o g
o le o[ 0 ®

1

OREGA
G.4466.01

.
.
4.7nF
5} BA159
A 1nF
oy Lnl
100Q

BZX85C-3V0

T
0.18Q (1W)

FUSE 2A

¥ Small signal primary ground
= Secondary ground (isolated from mains)

727 Power primary ground

91AN2164-38
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I1V.3 - Application without stand-by

The application arrangement is simplified if the tion on the primary side configured around pin 9

stand by function is not required : of TEA 2164, can be simplified.

- The "Master" circuit on the secondary side is - The value of "C1" capacitor connected to pin 10
permanently powered and as a consequence the of TEA 2164 used to set the burst period and
transistors used to cut its power supply are no therefore its duration, is increased (1uF or 2.2uF)
longer needed and can be eliminated. so as to enable full load system start-up as soon

- The feedback used for "stand-by" regulation func- as the first burst is available.

29/30
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TEA2037
HORIZONTAL & VERTICAL DEFLECTION CIRCUIT

By : B. D’'HALLUIN
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|- INTRODUCTION

The TEA2037 is a horizontal and vertical deflection
circuit for monitors and black and white TV sets.

This device includes all functions required for de-
flection, namely :

- Line and frame sync separation

- Line oscillator with phase comparator

- Driver stage for line deflection darlington transis-
tor

- Frame oscillator

- Frame amplifier with flyback generator for direct
drive of the vertical deflection yoke.

The TEA2037 is particularly well-suited for low-cost

monitors since itis cased in a low-cost package and

requires a few number of external components and

hence optimized for small displays.

However, application areas are by no means lim-

ited. Sophisticated applications requiring various

adjustment possibilities such as for display geom-

etry and centering settings (amplitude, linearity,...)

and operating at different line and frame frequen-

cies (line frequencies up to 64kHz), are readily

configured around TEA2037.

In large screen applications, addition of a heatsink

mounted on TEA2037 will enable the vertical de-

flection yoke current to be boosted to 2A peak-to-

peak.

Figure 1 : Block Diagram

il - FUNCTIONAL DESCRIPTION OF TEA 2037

Il.1 - General description

The TEA2037 is a 16-pin DIP package. The 4
center pins (2 on each side) are connected together
and used as heatsink.

From composite video or TTL-compatible sync.
signals, the device will extract and generate all
signals required for the line scanning darlington
transistor and direct drive of the frame yoke.

The following functional blocks are implemented
on-chip :

- Line and frame sync. separator

- Line oscillator

- Line phase comparator

- Line output stage

- Frame oscillator

- Frame ampilifier

- Frame flyback generator

- Shunt regulator

The common device power supply is implemented
by the on-chip shunt regulator.

In order to optimize the drive to frame deflection
yoke and also enable appropriate use of the flyback
generator, the frame amplifier is powered by an
independent supply.

The ground is connected to the 4 center pins of the
device.

o -y
l T
I i
L]
ur {7} ETJ:{’EL
N
FRAME POWER FLYBACK
OSCILLATOR STAGE GENERATOR

YOKE

FRAME SYNC

SEPARATOR PHASE

outpur
STAGE 14

91AN2037-01
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Pin description Figure 3
1 Frame Oscillator 4l
2 Vcez (Flyback generator power supply) &
3 Flyback generator output g .
>
0 -—
4,5 | Ground U te gang U
6 Frame feed-back (frame ampilifier inverting
input) -
FA
7 Vcee (positive power supply for frame output w
stage) ]
=
8 Frame output (direct drive to frame yoke) g
z t
9 Line oscillator Zo -

10 Phase comparator output

11 Phase comparator input (line flyback) “

—

14 Line output (drive to line darlington transistor)

15 | Video input (or TTL-compatible sync.)

16 | Vcer (shuntregulator)

Package

Batwing DIP16
(plastic package)

11.2 - Sync. pulse separator

The TEA2037 extracts, first the line and frame
sync. pulses from the composite video signal and
then the largest pulses, i.e., the frame syncs.

11.2.1 - Extraction of sync. pulses from the compos-
ite video signal (TV application).

Figure 2

I
| TEA 2037
=

R1
Video input m—f |-

91AN2037-02

91AN2037-03

- The sync. detection level is set at 1.6 V.

- Thevalue of R2 is typically 1 MQ (fixed for a good
internal bias).

- Resistor R1 limits the output current of pin 15.

Figure 4
|
|
|
Composite 15kQ 100 nF
Video
220 pF 1MQ |
| TEA 2037
| PR

91AN2037-04

As illustrated in the above Figure, it is recom-
mended to employ a low-pass filter which will sup-
press high-frequency harmonics susceptible to
produce jitters on line sync signal in composite
video TV applications.

11.2.2 - Negative TTL SYNC. (Monitor application)
Figure 5

91AN2037-05
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Figure 6 Figure 8

; w
< ]
2 2
g s g
2 5 !
> (=3
z 8s
o 16— ——— — —]-~— 2=z

t ow
F - g8 v
— 58
s A § g 1
- g
@ 5 91AN2037-08
=
-1
2 11.3 - Line oscillator
n
z 16p-—t—tomm —— Figure 9
[*N

—1
91AN2037-06

In monitor application, the sync. signal is generally
separated from the video signal.

In this case, the sync. signal is applied to pin 15
through a single limiting resistor. Similar to the
former case, the sync. is detected when the input
voltage falls below 1.6 V level.

11.2.3 - Frame sync. extraction
Figure 7

Q4

FS2

91AN2037-07

This function is processed internally and hence

does not require any external component. Line and

frame sync. pulses are distinguished by an inte-

grated capacitor which is more or less discharged

during each sync. pulse interval as follows :

- if the sync pulse duration is short, i.e. it is line
sync, then the capacitor is slightly discharged

- on the other hand, if the pulse width is larger, the
capacitor is fully discharged and an internal
frame signal is thus generated.

a7 {y7 SGS-THOMSON
Y/ BicRomEGTRONIES
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Figure 10
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The line saw-tooth is generated by charging an
external capacitor on pin 9 via a resistor connected
to Vcet (pin 16).

The capacitor is discharged via an internal 1.4 kQ
resistor. The saw-tooth amplitude is set by two
on-chip threshold levels :

- lower threshold : 3.2 V

- higher threshold : 6.6 V

The free-running period is approximately given by

the following relationship :

The phase comparator will modify the capacitor
charge by injecting a positive or negative current

Figure 11

Tosc = 0.85 RC

so as to produce correct phase and frequency
relationships with respect to the synchronization
signal.

11.4 - Line output stage

The line output stage has been designed for direct
base drive of the horizontal scanning darlington
transistor.

The low level interval on pin 14, i.e. the power line
transistor blocking period, is determined by the time
when the voltage of the line osciliator capacitor (pin
9) is below 4.8 V (internally set threshold level). In
a typical application, this interval corresponds to
22us at 64ps free-running period.

Line
Yoke

R1:470Q C:2.2uF
R2:10Q D : 1N4148
R3:47Q T:BU184

91AN2037-11

Figure 12

6.6
PIN 9 VOLTAGE

J ! |

PIN 14 VOLTAGE

Visat) Bus __J

DARLINGTON
Vee

—

T
!
i
I
I
i

YOKE CURRENT /\
L%

<

91AN2037-12

1.5 - Phase comparator (PLL)

11.5.1 - Functional description

The duty of phase comparator is to synchronize the
horizontal scanning with the line sync pulse and
ensure correct line flyback during the horizontal
blanking phase.

Figure 13

Video Signal

Line Flyback

91AN2037-13
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The line flyback signal (i.e. the pulse on the collec-
tor of the line scanning transistor) is compared with
the line sync. signal issued by sync. separator. If
the detected coincidence is incorrect, the compa-

11.5.2 - Phase comparator operation

rator will then generate an appropriate positive or
negative current so as to charge or discharge the
line oscillator capacitor thereby providing for fre-
quency and phase locking.

Figure 14
Veet
Ts T4
!
II‘ 3
T T2 Vet
91AN2037-14
Figure 15 The comparator input stage is formed by the differ-
ential pair T1 and T2. T3 and T4 transistors are
arranged in current mirror configuration and thus :
Line i3 = i2
Fiyback The sum of currents going through T1 and T2
transistors is determined by the current generator
"I"sothat: | = i1+ i2.
Saw-tooth The comparator output current is the difference
(pin 11) . current through the differential pair, i.e. :
|
! four =2 - i1 ]
Intemal ; The comparator is enabled by T5 transistor only
Line sync Pulse __] ! l__. during the line sync. interval.
Transistor T6 inhibits the phase comparison during
Output current the frame sync. interval.
(pin 10) During the first portion of the flyback, the voltage at
comparator input (pin 11) is lower than the refer-
91AN2037-15 ence voltage. T1 is off and T2 conducts ; conse-

The line flyback signal goes through integrator
network R1C1 the output of which, a saw-tooth
signal, is applied to comparator input (pin 11) via
capacitor C2.

6/17
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quently the comparator output goes positive :

]

During the second portion, the input voltage ex-

J iout = +1
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ceeds the reference voltage and as a result, the
comparator ouput falls to negative level :

If the line flyback is in retard with respect to the
horizontal sync. pulse (which is the case of too long
line periods), the interval for which the phase
comparator's output current is positive would in-

Figure 16

iour = -1

crease. This current is then filtered and applied to
the line oscillator capacitor (C5) thereby accelerat-
ing its charge-up phase and hence reducing the line
period.

Inverse action takes place if the line flyback is in
advance - the negative current at comparator’s
output will rise, C5 is charged more slowly and the
line period is thus increased.

Line Flyback
Saw-tooth
d (pin 11) \
| l
| 1
I : | Internal I ! |
i Line sync Puise {
i |
Output Current
(pin 10)
THE LINE FLYBACK iN REYARD THE LINE FLYBACK IN ADVANCE
WITH RESPECT TO THE LINE SYNC PULSE WITH RESPECT TO THE LINE SYNC PULSE
91AN2037-16
11.5.3 - Output filter
Figure 17 Figure 18
| | !
| 1 :z': !
| 1 o I'
1 | ]
I| Cs : |
\Y/ + + + -
E I ! l et 1 f2 fa \
1
Lo FILTER | FREQUENCY
91AN2037-17 91AN2037-18
fi = 41— fo= ; fa = M
2n (R3 + R4) C3 2= 2rR3C3 %~ 2rR3R4C4
37 SGS-THOMSON mnr
S/ At lesinted
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The duty of the output filter is to ensure the stability
of the locked loop and its characteristics will have
a partial influence on capture range and also on
capture time.
The holding range, which is larger than the capture
range, depends on the ratio of the current available
at the comparator output and the charging current
of the line oscillator. The holding range does not
depend directly on the cut-off frequencies of the
output filter. But, as the voltage range at the com-
parator output is limited, a too high value for R4 will
limit the holding range.
The sync. pulse duration has significant influence
on capture range and also on the holding range of
the device. The output current duration is directly
related to synchronization pulse width.
- First the R5 x C5 product is selected to yield the
required free-running line oscillator frequency.
- Then, the value of C5 capacitor is selected as
follows :
« for monitor applications (large holding range)
low value; e.g. :2.2 nF @ 16 kHz,
1 nF @ 32 kHz
« for TV applications
higher value; e.g. : 4.7 nF @ 16 kHz
- Finally, the filter components are selected to
match the required capture range.
(R4 < 100 kQ to prevent comparator output
saturation)

11.6 - Frame oscillator

Similar to line oscillator, the frame saw-tooth is
generated by charging an external capacitor on
pin 1 through a resistor connected to Vcci.

Figure 19

91AN2037-19
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Figure 20
< |
w
Has $
g2 H
z Frame free-running
z period .
)
&
2
<]
> H 1
g i f
i
] o
Q 1 :
3z n ~
B E Sync Period
[ t
91AN2037-20

The capacitor is discharged via an internal 500 Q
resistor. The saw-tooth amplitude is set at two
on-chip threshold levels.

The free-running period is approximately given by :

Tosc = 0.15RC

Synchronization is achieved by period reduction.
The frame sync. pulse issued by the sync. separa-
tor will modify the current through the resistor
bridge which is used to set the saw-tooth threshold
levels.

The minimum synchronized frame period (MSFP)
is given by :

Tosc
‘7 MSFP = EXY

1.7 - Frame output amplifier

The frame saw-tooth generated by frame oscillator
is firstinverted (Gain : - 0.4) and then applied to the
non-inverting input of the frame amplifier. The out-
put current capability of this amplifier is as high as
+ 1Athus enabling to drive vertical deflection yokes
requiring 2A peak-to-peak.

As a function of dissipated power, the device may
require the addition of a heatsink.

Afeed-back loop is connected to the inverting input
of the frame ampilifier (pin 6).

As the CRT screen is not part of a sphere centered
on the deflection center point, if the yoke is actually
driven by a saw-tooth waveform, the image is
expanded at the top and bottom. The yoke must
therefore be provided with an "S" waveform cur-
rent, by applying linearity correction.

The circuit configuration depicted above does not
require any linearity adjustment - only an amplitude
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Figure 21

FRAME
YOKE

R4 2 Re b=y C1
— _F—| P Ri1
Rs
Z
91AN2037-21

Figure 22

RAME SAW-TOOTH
(non-inverting input)

(oin8)

YOKE CURRENT OUTPUT VOLTAGE F

91AN2037-22

adjustment potentiometer "P" has been provided

for.

- D.C.Feedback : The C1 capacitor is charged to
approximately 1/2 x Vccz. Divider bridge formed
by R2 + R4 and R5 networks will set the d.c.
feedback. The component values of this divider
network will be choosen to avoid saturation at
top and bottom of the output voltage. (pin 6
biasing voltage is approximately 0.6 V)

Linearity Correction : A parabolic signal at
frame frequency is available on "+" terminal of
the C1 capacitor. This signalis integrated by R2,
C2 network. An "S" waveform is thus obtained,
which is applied to pin 6 via resistor R4.

Any correction to this "S" waveform depends on
C1 and C2 values. The linearity correction de-
pends on ratio : R2/R4

(AR

- Vertical Amplitude : Frame current amplitude
is determined by the value of measurement
resistor "R1", potentiometer "P" settings and the
value of "R5" resistor.

11.8 - Frame flyback generator

The output stage of the vertical amplifier includes
a frame flyback generator connected to pin 3.
During the vertical scanning flyback time, the value
of the yoke inductance "L" must be taken into
account since the time constant L/R is no longer
negligible. In television applications, the frame
blankingtime is 1.6 ms. Thuswhen /R > 1.6 x 1078
itis necessary to increase the supply voltage to the
frame output amplifier so as to reduce the flyback
time. This surplus is required only for the frame
flyback and energy is wasted by boosting the sup-
ply to the amplifier at all times (during the frame
scanning time, the minimum voltage is substan-
tially RIl, where | is peak-to-peak frame current).
The configuration of the flyback generator is de-
picted in Figure below :

Figure 23
D1 [ D2
Vee ]
I Cs
=
|
I o [Ir
|
T1§ l
|
Frame :almpliiierI
Tz—i output i L.R
a
91AN2037-23

During the second half of the vertical scanning
time, transistor T2 conducts and capacitor C is
chargedto Vcc through D1, D2, R3 and T2. (Switch
K open)

On fiyback, switch K closes and pin 3 is connected
to Vce. The voltage at pin 7 (Vcce), which was
equal to Vcc - Vb, is almost doubled during the
flyback time. The only external components re-
quired are therefore D1, D2 and C.

In addition to reducing the flyback time, the flyback
generator reduces the power consumed by the
power stage, and can in certain cases avoid the

917
7 65 THomSoN
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Figure 24

Veea)
<
8

AMPLIFIER OUTPUT  AMPLIFIER SUPPLY

VOLTAGE
(pin8)

OUTPUT CURRENT
(Yoke Current)

AN

91AN2037-24

need to use a heatsink.

Diode D2 is a low-signal diode (1N4148) but diode
D1 must be appropriately rated since the positive
current in the first part of the saw-tooth is supplied
to the yoke through D1 and T1. A 1N4001 is gen-
erally used.

11.9 - The shunt regulator

The TEA2037 incorporates an internal shunt regu-
lator which delivers the common supply voltage
Ve to various blocks such as oscillators, compa-
rator, sync separator and so on.

The voltage on pin 16 is 9.7 V (9 V min, 10.5 V
max). The value of the series resistor R must be so
calculated to obtain a 15 mA current on pin 16 - this

Figure 25
R
Vee — T — l Veet
F———--- —_——
I TEA 2037
|
91AN2037-25

current can be 10 mA min. and 20 mA max.

The external current supply from Vcct to both
oscillators (i.e. line and frame) can be neglected in
majority of cases.

The resistor value is found to be 1.2 kQ at
Vce = +28V.

At Vcce = + 12V, and taking into account the voltage
tolerance on pin 16, a 150 Q series resistor must
be used.

10117
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1.10 - Thermal considerations

In order to ensure reliable device operation, the
dissipated power should be accurately determined.
Calculation will allow an evaluation of the dissi-
pated power and should be completed by package
temperature measurements in actual applications.
According to results obtained, a heatsink may or
may not be required.

m Power drawn from V1 supply :

P1=Vcei. —’

Where |1 is the current through the shunt regulator
(pin 16)

| Power drawn from Vcca2 supply :

P2 = Vccz [IP?P + IQJ

Where :

- lpp = peak-to-peak current through the vertical
deflection yoke.

- |2 = Pin 7 quiescent current.

- Vccz = Pin 7 voltage.

B Power dissipated in deflection yoke and the
measurement resistor :

2
Py=(Ry + RM)I_FZE

Where :
- Ry = Frame deflection yoke resistance

- Rm = Measurement resistor value

Thus, the overall power dissipated in the integrated
circuit is :

[ Pp=P1+P2-Py —l

2
Pp= [Vccrh] + [Vccz (I%E + |2ﬂ - [(RY + Rwm) %%E}

In application using the flyback generator, the Veez
specified above becomes "Vcez2 - V", where Vp is
the voltage drop across the series diode.
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Figure 26

Figure 27

TEA 2037

Laalaataty

91AN2037-26

Frame Yoke
Current

VoL

91AN2037-27

11 - APPLICATION EXAMPLES

111.1 - Monitor applications
111.1.1 - Low-cost monitor (French Minitel Type)
CHARACTERISTICS
- Screen : 9" Monochrome
- Frame deflection yoke : 72 mH, 40 Q,
220 mA peak-to-peak
- Vcce = + 25 V without flyback generator
- Frame flyback time : 1.2 ms

Figure 28

- Vertical frequency : 50 Hz (20 ms)

- Vertical free-running period : 24.5 ms

- Horizontal frequency : 15 625 Hz

- Capture range : +5us

- Holding range : +10ps

- Input signal : composite video

- Dissipated power: 1.15 W

- Only one adjustment : vertical amplitude

Vec L 1k Veer
I

+25V

100 nF

—
220
FRAME YOKE _é
72 mH , 40 Q 1kQ

220 nF ok 470 uF

Vertical 47Q

i Line
r{":]—ﬂ——] j.l )
47Q  1N4148

91AN2037-28
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- This is a low-cost application used in French
Minitel type configurations and requires mini-
mum number of additional components and ad-
justments. The input is a composite video signal
at line frequency = 15 625 Hz and frame fre-
quency of 50 Hz.

- The free-running horizontal frequency is deter-
mined by the component values of RC network
on pin 9. Since no adjustment is available, pre-
cision components must be used to ensure cor-
rect synchronization :

\ [R = 35.7kQ, 1% and C = 2.2nF,

2% for fy = 15 625Hz]

The capture range is large enough to compensate

for possible variations.

- Synchronization range of the vertical oscillator is
quite large which consequently allows use of
less accurate components :

|~ [R =910k, 5% and C = 180 nF, 5 %]

- Since the frame flyback time is short enough at
supply voltage used here, the flyback generator
is not used in this application.

Figure 29

11.1.2 - Monitor with geometry and frequency ad-
justments

CHARACTERISTICS

- Screen : 12" Colour
- Frame deflection yoke : 18 mH, 10Q,
500 mA peak-to-peak
- Vee = + 12V with flyback generator
- Frame flyback time : 0.7 ms
- Vertical frequency : 50/60 Hz
- Vertical free-running period : 23 ms
(adjustable)
- Horizontal frequency : 15.7 kHz
(adjustable)
- Capture range : = t5us
- Holding range : £10us
- Input signal : negative TTL sync (line + frame)
- Dissipated power : 0.9 W
- Adjustments :
» Vertical amplitude
« Vertical linearity
« Vertical frequency
» Horizontal frequency
* Horizontal phase-shift

Y 1N4002

47pF

P1 : Vertical Amplitude
P2 : Vertical Linearity
P3 : Vertical Frequency

P4 : Horizontal Frequency
Ps : Horizontal Shift

1-2-3 switching : Vertical Position

1N4148 100 nF

»i

Frame Yoke
18mH,10Q

18kQ 100 kQ 180 kQ 330 Q
S
1
1000 UF = e 2
3
330 Q|
2 QQ
2w
224 oo
L] ] Darlington
47Q 1N4148
91AN2037-29
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111.1.3 - High frequency monitor
CHARACTERISTICS

Screen : 14" Colour

Frame deflection yoke : 11 mH, 7 Q,

750 mA peak-to-peak

Vce = + 14 V with flyback generator

Frame flyback time : 0.6 ms

Vertical frequency : 72 Hz

Vertical free-running period : 16 ms (adjustable)

Figure 30

Horizontal frequency : 35 kHz (adjustable)
Line flyback time : 5.5us

Capture range : 5us (@sync pulse = 4.7us)
Input signal : negative TTL sync (line + frame)
Dissipated power : 1.4 W (heatsink required)

- Adjustments :

» Vertical amplitude

- Vertical linearity

« Vertical frequency

» Horizontal frequency

! u

ES

o

%8
= |1N4002 ¥

P1 : Vertical Amplitude
P2 : Vertical Linearity
P3 : Vertical Frequency

Pa : Horizontal Frequency

Ll
1N4148

BRLE
100 nF
22Q
Frame Yoke | S
11 mH,7Q] & 180 Q
E:

390kQ 47kQ 68 kQ

N
n
o
Q
‘=
bl
Ii
]

Line

Darlington

ré—}}—l
47 Q 1N4148

91AN2037-30
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lll.2 - Black & white TV application

CHARACTERISTICS - Capture range : +2 s

- Screen : 20" B & W 110° - Holding range : 4.5 Hs
- Input signal : composite video

- Frame yoke : 30mH, 12Q, 850mA peak-to-peak e
¥ ) P P - Dissipated power : 2.3 W
- Vce = + 24 V with flyback generator (10°C/W - heatsink required)
- Frame flyback time : 1ms - Adjustments :
- Vertical frequency : 50Hz « Vertical amplitude
- Vertical free-running period : 24.5 ms » Vertical linearity
- Horizontal frequency : 15 625 Hz (adjustable) * Horizontal frequency
Figure 31
49 . P1 : Vertical Ampitude
[ P2 : Veertical Linearity
+\;%°V t 5 P3: Horizontal Frequency
W02Y 5y 22k
1 Frame Blanking
- >= 1oger
1N4148
Video  1:5K2 100 nF 220
input
220pFI ]
Frame Yoke
7\ sk 220 som.mn@ 6800
Fyack o]
20k
— Pz
I{%ﬂ{ﬂ =470 uF
47 kQ
— 1000 9‘ Q
é ) Q Line
]
Voot I 4;5 1N4148 ‘1
91AN2037-31
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I1.3 - Using composite TTL synchronization

Since the threshold level on input pin 15is internally
set at 1.6 V, the device can directly accept TTL
signals.

However, a series resistor is required to limit the
current sunk by the on-chip transistor (pin 15).

Figure 32

91AN2037-32

If composite sync signal is not available, line and
frame sync signals can be recombined at circuit
input as illustrated below.

Figure 33

U T |

10ka
|

LTEA 2037

Input
91AN2037-33

Figure 34 : Application example

|
LTEA 2037

Note : Specified component values are purely theo-
retical and must be calculated to meet specific appli-
cation requirements.

91AN2037-34

This arrangement is particularly interesting in ap-
plications where the available signals differ from
those commonly used. An example is the case
where the frame signal is of quite long duration
(sometimes as long as frame blanking period). In

such case, efficient synchronization can be
achieved by differentiating the signal so that it will
behave as a signal of only few lines duration which
is the condition required for appropriate frame and
line sync separation and also a picture without flag
effect.

1.4 - Direct frame synchronization

The vertical scanning can be directly synchronized
by the frame oscillator (pin 1) and without any need
of using the synchronization input (pin 15).

Figure 35 illustrates an example :

In this case, only the line sync pulse is applied to
pin 15.

Figure 35

91AN2037-35

1ll.5 - Constant amplitude 50/60 Hz switching
In applications requiring 50/60 Hz standard switch-
ing feature, the arrangement shown below allows
to maintain the amplitude of the oscillator saw-
tooth (pin 1) constant thus yielding uniform vertical
scanning.

Figure 36

Veet
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Amplitude Adjust
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Figure 37 Figure 39
|
s
"‘-,' 3.1 Upper Threshold
g L o
o
z @Q‘L . Oongtam
£ ‘.@\* Amplitude
2 { . Lower Threshold =t
! 60Hz S0Hz
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91AN2037-37 91AN2037-39
. N ) L Figure 40
A practical application configuration is illustrated qu
elow.
o s |
H w g6 -——
Figure 38 g
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_— > i
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>
:
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Amplitude Adjust &

I150 nF |
T I

50 Hz : T conducts
60 Hz : T turned-off
91AN2037-38

111.6 - Modifying the line output duration

The line output pulse duration is determined by two
internally set threshold levels. This interval can be
altered by modifying the charge current of the line
oscillator {pin 9)

Figure 41

91AN2037-40

lil.7 - Starting the TEA2037 from a +6V power
supply

The line oscillator of TEA2037 is capable of starting
at a low supply voltage (< 6V). The period of
oscillation is practically the same as at nominal
operation. It is thus possible to initiate the line
scanning at a reduced supply voltage (e.g. +6V)
and then supply the overall configuration by the
power available on the line transformer.

POWER
SUPPLY

EHT

TEA 2037

LINE
YOKE

91AN2037-41
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IV - DESIGN CONSIDERATIONS

IV.1 - Precautions for interlaced scanning

- The links interconnecting the ground terminals
of Vcec and Vet power supplies, as well as those
of device decoupling capacitors, must be kept to
as short as possible

- A high value decoupling capacitor can be used
for Vcc supply, provided that a good quality low
series resistance capacitor is employed. Inter-
lacing is very sensitive to decoupling quality. The
value of the decoupling capacitor can vary from
22)F to 100uF.

- The interconnecting links between the frame
oscillator capacitor, the line oscillator capacitor
and TEA2037 grounds must be kept to as short
as possible.

Perfect line and frame synchronization is achieved

by observing the above guidelines and recommen-

dations.

IV.2 - Printed circuit board layout
- The usual precautions observed in design of TV

timebase pc boards must be employed

The line output stage handles high amounts of
voltage and current. Components employed
must therefore be appropriately rated, the width
of and the clearance between the wiring tracks
should be carefully selected. All connections
must be as short as possible and all signals at
the line frequency gathered at this section.

- The supply to the frame scanning section of the

circuit must not be influenced by the horizontal
scanning function, particularly when interlaced
scanning is used.

- Generally speaking, interactions on the pc board

Ly $6S:THOMSON

between the high-gain/low-level and the high-
current sections of the output stages must be
minimized by as much as possible.

As indicated in previous chapters, the four center
pins of the device must be earthed. The pad used
for this purpose must be as large as possible
since it acts as the heatsink for the device. A
cruciform pad underlying the circuit should be
employed.

There should be a single connection to the chas-
sis earth terminal.
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