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TECHNICAL INFORMATION

1. ABSTRACT

The system evolution in the monitor field leads to
develop suitable I.C.’s whose performances and
characteristics are mainly monitors oriented rather
than TV oriented. The automatic frequenciesraster
preset of the monitor by computer and optical
equipments leads to the adoption of Digital to Ana-
log converters in order to set the different parame-
ters, 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 I.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 dar-
lington 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, itworks charging and discharging the capacitor
at pin 2 between two thresholds Vs1 = 2.5V and
Vs2 = 6.5V coming from an internal resistor divider.
This one is also used to provide avoltage 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 currentis 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-Q23 is driven by a S-R
flip-flop, which changesits state every time that the

peak of the triangular waveform reaches one of the
two thresholds Vs1 or Vsa.
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3.2 Horizontal synchronism shaper circuit

The electric diagram shown in Fig.3 can be divided
in three stages. The first of which is anegative 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).

Figure 3.

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
Qso will depend on the value of the capacitor at
Pin 5.

Q59
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3.3 Firstphase comparator ( ¢ 1) and phase
adjustment interface circuit

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

If the voltage at Pin 10 changesin 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.
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3.4 Second phase comparator (¢ 2) between
flyback and oscillator

This circuit recovers dynamically the deflection de-
lay 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.

This circuit is similarto ¢ 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.

Figure 5.
Vref
#I [I] —+Ping
g ENABLE
E HOSC
5]HOR FLYBACK
INPUT
CHARGE DISCHARGE VOOTDABLOZA-05
4/16

‘ SGS-THOMSON
Y/ MicRosLECTRONICS




APPLICATIONNOTE

3.5 Phase shifter, output stage and startup
circuit

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

The triangular oscillator waveform (Fig.6a) is com-
pared with internal threshold S; and S; 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 presentat 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 Si1
and Sy; 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 pre-
sent.

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

Figure 6a.
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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 ap-
proximation is the following :

Maximum Allowable Delay :
b ey

tD:2 >

where tr is the rise time of the horizontal
ramp = 3/4 T and trLy is the flyback time.
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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 V| = 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 I.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 capacitorconnected 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.
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S

VO0TDA8102A-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 pulseis presentthe 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 verticalramp is betweenthe thresholdsVm 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-inrange is necessaryto adjust
the current at Pin 12 until the peak of the vertical
sawtooth, in locking condition, reaches the voltage
equal to:

.y
Vp =Y * Vhigh _ ¢\,

2

that means Vpp = 4V.
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Figure 8.
Vhigh
VL
*+ T ENABLE
A 4 Vm [~
4< -+ ﬁNABLE s q
Viow T B
[ NABLE| B g —I
3.5V ]\l |
| | _{' 14 VERT SYNC
INPUT

3.5v[12 %

Iﬂ

Vvosc

VO0TDA8102A-08

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 orderto 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 dependson
the maximum current that the output differential
stage is able to handle, the value ofthis currentcan
be externally regulated by means of Pin 17 through
a transconductance amplifier.
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An external feedback resistor in series to a capaci-
tor (to avoid any DC offset) must be connected

‘ S$GS-THOMSON
Y MICROELEETRONIGS

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 Verticalamplitude 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 invertinginput.

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

Figure 11.

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 additionallogic function can be
implemented and all the D/A converters can be
included.

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

[
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SGS-THOMSON "Vertical Deflection Stages for TV

and Monitor” by A. MESSI

In Fig.12 is shown a typical application of the
TDA8102 A with the TDA8172, which is a vertical

All the information is referred to the above men-

tioned figure.

booster; for further information regarding TDA8172

consult the note :

Figure 12.
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5. HORIZONTAL SECTION

5.1 Frequency

The device isable to work from 15 KHz to 100 KHz.
The free running frequencyis fixed by the resistor
at Pin 1 (R2s) and by the capacitor at Pin 2 (C17)
with the following formula:

1

fo= Ko X Ras X C17

where Ko istypically 3.0476 + 5% (see data-sheet).
In the aplication of Fig.12, using R25 = 6.8kQ and
C17 =1.8nF, we obtain:

fo = 10° = 26.808kHz
©~30476x6.8x1.8 '

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

R2s
By means of trimmer P4 , itis possible to adjustthe
horizontal free running frequency, that changes
accordingly with the following formula:

(Vp - V1) / Ros

fu=fopl- Vi/Res °

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

Figure 13.

P =Py +Pp

V90TDA8102A-13
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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 Rozs.

| V3= V1| /Roa

fpull-in = fo Vi/Ras

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

This is the theoretical value calculated if the fre-
guency adjustmentis disconnected.

In the application inf Fig.12 we have:

2.5 6800
-in= —————=+
fpuli-in = 26808 3.5 56000 +2.3kHz

When the frequency adjustment is connected the
pull-inrange changes due to the fact thatin parallel
with R2s are connected Rpe + Py (see Fig.13).

When the device is synchronized and perfectly
tuned, V3 = V1 andthe ¢ 1willwork in the best way.

Cu7, onthe contrary of Rzs, isinfluential 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
R2s 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.

_ Co1 X Vs

ts
I5

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

5.4 Phase adjustmentrange

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

In our application we have :
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V19 R
R7+P3+ Rsg 8

8 51

V1o mi __°
omn 39+ 47+5.1 >

I |

Lk 0.447v

O

V19
R7+P3s+Rg
___8 ¢
39+47+5.1

(P3+Rs)

V10 max 2.1

COO0OLO

Lk 4.575v

0

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 0.7mAand 2mA (typ 1mA), according with
the following formula:

Viy — 0.6V
R27 = f
ImA

6. VERTICAL SECTION

6.1 Frequency
The device is able to work form 30Hz to 120Hz.
The free running frequency is fixed by R21 and Cis.

The formula to calculate the free running frequency
is the following:

_ Ic
Yo (Vhigh‘ Viow) X C16

but

V12
- |l=== <
Ic=1 Rt ~ 0.5mA

then

f, = Vi2
Y ( Vhigh — Viow ) X C16 X R21

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

‘ S$GS-THOMSON
Y MICROELEETRONIGS

‘= 3.5x 10°
\

= (68-2)x220x62  >>Hz

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:

IC = E - VP _ VlZ
Ro1 R22

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

Figure 14.

Ps=Py+Pp

VO0TDA8102A-14

It is easy to substitute the new I¢ 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.
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we can write :

fpull -in = fmax - fv

f, =
max = 1ts

_ (Vhigh = Vm)
( Vhigh = Viow )

s Xtv = K14 Xty

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:

V19
Rs + P2 + Rg
___ 8 ¢
39+47+5.1

(P2+Rs)

V16max 2.1

4575/

I P

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:

V15 pp =[K16 (V16 - 2.5) + K15] V13pp

Where K5 is typically 1 and Kss 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 Vig
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) mustbe dimensioned for obtaining
this range of values.

In our application we have:

O V19 O Vig
S:R5+P2+R6R6 E|FR3+P1+R4R4
g 8 0 8
V16mi _— V17mi _—

16m|ng=39+47+5.1 51 17m|nE):51+47+22 22
0 1l
L L
0 0.447V o0 1.466V

12/16

‘ SGS-THOMSON
Y/ MicRosLECTRONICS




APPLICATIONNOTE

Vig
Rz +P1+R4
8
51 +47 + 22

(P1+R4)

V17max 69

QFDDQDDQD
>
<

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

You can verify this using the following formula:

Vispp = Kis (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 Rog;
however take care that Cys5 in series with R is a
high-pass filter with the purpose to cutonly the Dc.
In our application we have:

1
6.28 X Rog X C15
10°
6.28x150x 1

quDgDDQD

=
o
o
I
N

The "C” correction is obtained with a resistor in
series to acapacitor connectedbetween Pin 15 and
the central point of the vertical DC feedback of
vertical booster (R19 and Cia).

The value of Rg is strictly dependenton 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
againsthorizontal noise, so they mustbe 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-

‘ S$GS-THOMSON
Y MICROELEETRONIGS

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 = Vz1; in this way the
horizontal synchronisation is perfect, andthe pull-in
range is maximum in both directions.

8.2 Verticalfrequency

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 synchronizationrange;
as shownin Fig.16.

Figure 16.

Ramp at Pin 13

Vertical Sync.

VO0TDA8102A-16

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

8.3 Verticalamplitude and horizontal phase

Looking atthe display correct P2 forthe right vertical
amplitude and adjust Pz 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, adjustP1 to obtain a right
S correctionand select R1g value to optimise the C
correction.

av

GND

Ll
b

_ Ramp at
. Pin13

| Vertical
' Scan

Yoke
5 Current

Waveform
atPin 18

VO0TDA8102A-17
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Figure 20 : PCB Layout.
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9. COMPONENT LIST
Component Value Component Value Component Value
R1, R2, R23 3.3kQ R2o 150kQ Cio 220uF / 25V
R3 51kQ R21 62kQ Cu 2200pF / 16V
R4, Ri1o, R11, R2s 22kQ R22 220kQ Ci12, C16 220nF
Rs, R7 39kQ R4 56kQ Cia 10uF / 63V
Rs, Rs 5.1kQ R2s 6.8kQ Cis 1uF
Rg 82Q / 2W Ro7 100kQ Ci7 1.8nF
R12 10kQ R2g, R2g 2.2kQ Cio 2.2uF / 63V
Ri3 120Q P1, P2, P3, Ps, Ps 47kQ hor. C20 22nF
R1a 1.5Q P4 47kQ ver. Co1 220pF
Ri1s 1.5kQ Cy, Cg, Co 100nF D1 1N4001
R1s 1Q Cz, C13 470uF / 16V IC1 L7812
R17 2.7kQ C3, C4, Cs, C1s 15nF IC2 TDAS8102A
Ri1s 1.2kQ Cr 1000pF / 25V IC3 TDA8172
R19 33kQ Cs 100pF / 16V

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility
for the consequences of use of suchinformation nor for any infringement of patents or other rights of third parties which may result
from its use. No licence is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics.
Specifications mentioned in this publication are subject to change without notice. This publication supersedes and replaces all
information previously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical componentsin life
support devices or systems without express written approval of SGS-THOMSON Microelectronics.
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