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Summary

In this report you can find an application and product description of the DC coupled deflection output circuit
with the type number TDA8359J. The TDA8359J is functional the same asthe TDA8357J but is able to deliver
a higher output current. The application design procedure and the application investigations are given at the end
of this report.

a Philips Electronics N.V. 2000
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Theinformation presented in this document does not form part of any quotation or contract, is believed to be accurate and
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1. INTRODUCTION.

The TDA8359J is an integrated power circuit for usein 90° and 110° colour deflection systems. It contains a vertical
deflection bridge output, operating as a high efficiency class G system and can handle field frequencies from 25 to 200 Hz.
The vertical coil of a4 : 3aswell al6: 9 picture tube can be connected to this vertical deflection device. Due to the bridge
configuration a DC deflection output application can be designed with a positive main supply of typical 12 Voltsand a
positive flyback supply of typical 45 Volt. (Depending on the coil data).

Thisintegrated circuit is designed in aLow Voltage DMOS (LVDMOS) process that combines bipolar, CMOS and DMOS
components. DMOS output transistors (MOSFETS) are used because of the absence of secondary breakdown, which gives a
better SOAR performance. Theinternal circuits are designed in such way that only afew external components are needed to
get a correct working application.

The TDA8359J is functional the same as the TDA8357J vertical deflection output stage. The TDA8359J differsin only one
aspect from the TDA8357J, it is able to deliver a higher output current which is more suitable for large picture tubes.

A detailed investigation procedure to determine an optimum application is given at the end of this report.

1.1 Features.

Few external components required

High efficiency fully DC coupled vertical bridge output circuit
Short rise and fall time of the vertical flyback switch

Picture tube burn in protection signal (guard circuit)
Temperature (thermal) protection circuit

Differential mode inputs

Blanking pulse generator (guard)

Improved EMC performance due to differential inputs

1.2 Orderinginformation.

Type Package
Number Name Description Version
TDA8359J DBS9P plastic DIL-bent-SIL power package; 9 leads (lead SOT523-1
length 12/11 mm); exposed die pad
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1.3 Block diagram

GUARD Vp Vg

A

8 3 6

GUARD

CIRCUIT J P D2
= :3

J — M2
V'i(p-p)
T o OUTA
;
V itbias) dlillv INA |1 '_,-I- .
IN__ N__ N_ M4
[
—¢

B ]

-

A 4

';‘,\'TILDJT « FEEDB
y FEED
ico- BACK
®P) CIRCUIT
Vi(bias) N N /7 wme e J:Ml
OfL/i_/i > — 4| outs
> [ —1—
J|—M3
[
—e
TDA8359J
&5 -
GND

Fig 1: Blockdiagram.
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1.4 Pinning
Symbol | Pin Description
INA 1 |inputA INA | 1
INB 2 input B
Vp 3 | supply voltage INB | 2
OuUTB 4 output B
GND 5 | ground VP | 3
Ves 6 flyback supply voltage
OUTA 7 | output A OuTB [ 4
GUARD 8 guard output
FEEDB 9 | feedback input GND [5 TDAS359]
Ves [6]
OUTA [ 7]
GUARD | 8
FEEDB | 9
1.5 Quick reference data
Symbol | Parameter | Conditions | Min. [ Typ. [Max. [ Unit
Supplies
Vp supply voltage 7.5 12 18 \
Ves flyback supply voltage 2xVp 45 66 \Y
lgPyav) average quiescent supply current during scan - 10 15 mA
lg(FB)(av) average quiescent flyback supply during scan - - 10 mA
current
Piot total power dissipation - - 8 W
Input and outputs
Vidify(p-p) differential input voltage (peak-to- - 1000 1500 mV
peak value)
logp-p) output current (peak-to-peak - - 3.2 A
value)
Flyback switch
lo(peak) | maximum (peak) output current | t£1.5ms - - +1.8 A

11
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Symbol | Parameter | Conditions | Min. | Typ. | Max. [ Unit
Thermal data; in accordance with IEC 747-1
Tstg storage temperature -55 - +150 °C
Tamb ambient temperature -25 - +75 °C
Tj junction temperature - - +150 °C
Rin-c) thermal resistance from junction - - 35 K/w
to case
Rihg-a) thermal resistance from junction in free air - - 65 K/w
to ambient

12



Philips Semiconductors

TDA8359J Preliminary Application Note
Vertical deflection output ANO00039

2. DEVICE DESCRIPTION AND APPLICATION INFORMATION

2.1 Internal pin configuration

Pin Symbol Equivalent circuit

1 INA

300 ohm

@Eﬁi 2

2 INB
300 ohm

2K
3 Vp
4 ouTB I_,T@
5 GND A
6 Ves N
7 OUTA

L | L
©

L
J}LFJ}L
cic g

-
W_ULFUL
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Pin Symbol Equivalent circuit
8 GUARD
‘Ié;’-? 300 ohm
———®

,—|
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2.2 Application diagram

Vp =14V
R RrB
5 6E\|I:\zID ’ . . [ — VFB =30V
: l j_ 10W
4 GUARD VP VEB caL L c1 caLt L
8 3 6 100n 47uF  100nF 220uF
1 (50V) (25V)
GUARD o
Vip-p) CIRCUIT J M5 D2 v o ‘ ’
L ~—— IJ_‘I 14V (= value ofVp)
Vi(bias) 4
— 2 RcMP(2)
0 J 680KW
| | | b1 OUTA “\“\
INA |1 T | 7 ,
. »>- deflection
M4 RD1(2
_L Revi J 4 27%1\,51 ) coil
o 2.2kW — R 5mH Cp(@)
2.2nF 19%) INPUT 9| FEEDB S Lo W 150nF
DEFLECTION , , AND ‘ - (WBBESF)
CONTROLLER FEEDBACK 2.7kw
CIRCUIT Rp2(®)
H Ru @ 1.5W
g | 2 J i M1 0.5W
> — 4| outs
o7 Reya » [—1—
2.2kW vz
2.20F 1 (1%) J e (1) Optional, depending on the coil impedance and
4 4 s can also be used for flash over and ESD (from
Vio-p) TDA8359J deflection coil) protection.
b— L I l (2) Value depends on the coil impedance.
Vi(bias) 5
GND
0
.

Fig 2: Application diagram.

The TDA8359J isavertica drive circuit in abridge configuration. The output amplifiers are driven in opposite phase.

When |looking at the application diagram, the following components can be described in short terms (detailed information is
given in the succeeding paragraphs).

Theinput circuit of the TDA8359J is adifferential voltage input. The external resistors Ry, and R, convert the input
currents into input voltages. The differential input voltage is compared with the voltage across the measuring resistor Ry,
that provides feedback information. The deflection coil is connected between OUTA and resistor Ry, and OUTB.

The damping resistor Rp; is connected across the deflection coil for HF loop stability. The damping resistor compensation
that consists of aresistor Royp in series with a zenerdiode D4, compensates current differences in the damping resistor
during scan and flyback and assures a short settling time.

15
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2.3 Vertical amplifier

In many conventional deflection output circuits, the deflection coil must be AC coupled. Thiswill require an expensive
coupling capacitor of approximately 2200 pF. Beside higher costs, the coupling capacitor can cause picture bounce after
switching between channels on the tv set. This capacitor can be omitted in a DC coupled deflection output circuit.

The TDA8359Jis a DC coupled deflection output circuit, which has no bounce effect during channel switching and has an
improved EMC immunity. Thisis achieved by using differential mode inputs. The deflection coil and the measuring resistor
Ry are connected between the output amplifiers of the TDA8359J that are driven in opposite phase. See Fig 3.

Fig 3: Simplified block diagram of the vertical circuit.

Since the Input Stage (1S) is voltage driven, resistor R,; and Ry, are used when the driver circuit delivers a differential
output current (See Fig 3) such as the Ultimate One Chip. So, driver circuits which deliver an output voltage can also be
used, in that caseresistor Ry,; and Ry, are not necessary.

The voltage across the internal conversion resistor R, is compared with the output current through the deflection coil (by
means of avoltage current converter V/I '), which is measured as a voltage across Ry,.

The output amplifiers A and B will be driven until both voltages are equal. This means that the deflection current is
determined by the ratio of the input resistors Ry, > and the measuring resistor Ry.

The output current is adjustable from 0.5 Ampere, , to 3.2 Ampere,, mainly by varying resistor Ry. The maximum
differential input voltage across R, is 1500 milliVolt,, for each pin. The minimum input bias voltage is 100 mV,
however a minimum input voltage of 300 mV is recommended because of a better linearity.

16
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2.3.1 Vertical input circuit

The input circuit is suitable for direct connection to driver circuits, which deliver symmetrical (or asymmetrical) current
signals. Some type numbers of suitable drive circuits: TDA9151B, TDA9160A, TDA9162, TDA933X, TDA8B366,
TDA8367, TDA837X, TDA884X, TDA885X (one chip family), TDA935X/6X/8X (ultimate one chip family) and
TDAA485X (deflection processor family).

An example of the vertical drive output signal of a“one chip” family IC is given below. (The drive signal depends on which
drive circuit is used. In the ultimate one chip family, the zoom is standard enabled and is set to avaue of 19 on arange of
0— 63. This causes asmall flat piece just before the start of the scan).

i2 (p-p) T 650 UA

i2 /
i2 (bias) 400 UA
/ / 150 uA

0
t —
i1 (p-p) T 650 uA
i1
i1 (bias) 400 uA
\ 150 uA
0
t %

Fig 4: Vertical drive output currents of an onechip family IC.

The bias output signal current is 400 mA typical. The differential mode output current is typical 500 nmAp.p and maximum
600 mMApp .

17
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After connecting an “ultimate one chip” family IC to the TDA8359J, the following waveforms appear on the inputs INA
and INB when the components have the values that are shown in the application diagram. The voltage of INA isabit higher
during the flat piece because of the damping resistor compensation that consists of the compensation resistor Reyp and
zenerdiode D4.

Vi (dif)(p-p) ﬁ 1430 mV

INB /
Vi (dif)(bias) 880 mV

330 mV

0

Vi (dif)(p-p) (N I I 1430 mv
INA \ \ \
Vi (dif)(bias)

880 mV

\ 330 mv

t%

Fig 5: Input voltages of TDA8359J.
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Theinternal input configuration is symmetrical to have agood EMI behaviour, so the external input
configuration should also be symmetrical. This means that the drive tracks should be as short as possible and
routed next to each other.

Theinput configuration is as follows:

TDA8359J

R
CVvi |; deflection
_I: coll
Rcon [J

[ J-RCVZ% E’zk ZKE’ []RM
To? 4

Fig 6: Input configuration.

The relationship between the differential input current and the output current is defined by:

2 |(d|f) p- p Rcvlz 00|I(pp) RM

| _2, |(d|f) Rcvlz
cail (p- p) ~ RM

differential input current (peak-to-peak-value).
input conversion resistor.
coil current, peak to peak value Ry, = measuring resistor.

liaine-p)
Rcvl,z
| coil (o-p)

19
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The actua coil current | is approximately 5 to 10 % lower than calculated. This depends on the equivalent series
resistance which isintroduced by connecting the output B pin (4) to the board (soldering quality), the resistance of the
printed track (including jumper wire), the connection of resistor Ry and the internal bondwire resistance (typical value of
30mW. If the value of Ry, islow, the influence of the equivalent series resistance will be high, if the value of Ry, is high,
then the influence will be less.

With the start of the design it is sometimes difficult to choose component values. Generally a measuring resistor of approx.

10% of the coil resistance will be agood choice.
The next figure gives the vertical drive circuit diagram of a UOC with the vertical output stage TDA8359J.

1 100 22 T ﬁ 1

P — [
INA IE 300 F 2K
1

|
L 100 21 INB
@ﬂ: a — |
1 i Fﬁ - Fﬁ "
1

TDA935x\6x\8x or TDAS8359J
TDA955x\6x\8x

HH
H—H
Mo

Fig 7: Interconnect between TDA935x\6x\8x or TDA955x\6x\8x and TDA8359J.
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2.3.2 Conversion resistors Reyi» and measuring resistor Ry

The output is adjustable from 0.5 A, to 3.2 A, , mainly by varying and Ry,.
The conversion resistors Ry » both have the same value and can be calculated by :

V.
Ruis = i(dif )(p- p)
bt )(p- o)

The value of resistor Rey; and Rey, must be chosen in such away that Vgias) + Vi) peay 1S SMaller than 1500 mV and
Vl(bias) - Vi(dif)(peak) is Iarger than 300 mV per input pin, for abetter ||near|ty
For the Ultimate One Chip thisvalueis 2kW- 2.2kW.

The measuring resistor Ry, can be calculated by means of the formula

2 |(d|f) peak Rcvlz coil(p- p) RM

It isadvised to choose 1 - 1.4V across Ry,.
Example:

We suppose the following:
(according to the application diagram in the specification)

log-p) =24 Ay
Ii(dif)(p_p) =2X Ii(dif)(peak) =2 X 290mA = 580mA (Val ue ngiven by vertical driver ci rCUit)
V(@in(e-p) = 1.3V (choose the voltage across R, » between 1Volt and 1.6 Volt)

R, = Viat)(p-p) _ 1300mV
litan)p-p) - SBOMA

=2241W E96-value = 2.21kW

2 |(d|f) peak Rcvlz coil(p— p) RM

271 i(dif )( peak) Rcv12 _ 27 290mA" 2241W
o(p-p) 24A

=0.53wW E24-value = 0.51W

RMz

21



Philips Semiconductors

TDA8359J Preliminary Application Note
Vertical deflection output ANO00039

2.4 Feedback Circuit

1 input circuit

Fig 8: Feedback circuit.

The feedback circuit is build up with areference between pin 4 (OUTB) and pin 9 (FEEDB), the voltage across Ry, and a
seriesresistor Rs (pin 9). Thisinput is connected to adifferential V/I converter, which compares the voltage across Ry, and
the voltage over the internal conversion resistor Reon. If both voltages are not equal the /I converter drives the output
stage until the voltage across Ry, is equal to the input voltage.

During flyback, the flyback voltage is put across the deflection coil and the damping resistor Rp,. Thisresultsin a higher
current in the damping resistor and also in the measuring resistor. So the current in the measuring resistor is higher than the
intended current in the coil. This affects the moment at which the flyback switch is not conducting anymore. To compensate
this, an extra current is added to the current that flows through the conversion resistor Rey1, by means of Reyp and Dy.

22
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24.1 Seriesresistor (Rs)

The purpose of Rs at the Feedback (pin 9) is to prevent oscillations and to achieve equa impedance for the V/I converter,
Rs = Reon because the V/I converter, see Fig 8 , should see equal input impedance at both inputs. This improves the common
mode suppression. The tracks to the inputs are not the same. One track is connected internally to resistor Reon. The other
input has an external wire. To match Reoy, the seriesresistor Rg is connected between the deflection coil and pin 9. Choose
Rs about 2.7kW.

If the output waveform should contain some oscillations, the value of Rg should be slightly changed. A small capacitor of
1pF-100pF between pin 9 (FEEDB) and pin 4 (OUTB) could aso help for minor oscillations.

2.5 Vertical output stage

The Philips TDA8359J vertical output stage uses a class G bridge concept. (see Fig 9).

The class G concept allows avery efficient DC coupling of the vertical output stages. This matches perfectly with modern
driving circuits, circuits which can change settings like amplitude, shift and start scan, that are controlled via the 1°C bus.
The deflection coil in series with resistor Ry, is connected between the two outputs pin 7 and pin 4. Resistor Ry, is used to
measure the current through the coil. The voltage across resistor Ry, is the input voltage for the feedback stage.

The two output amplifier stages A and B are nearly identical. Output stage top MOSFET A (M2) and bottom MOSFET B
(M3) and diode D3, conduct for thefirst part of the sawtooth (coil) current and are supplied from the main supply (V).
Output stage top MOSFET B (M1) and bottom MOSFET A (M4) conduct for the second part of the sawtooth current and is
supplied via the same main supply voltage.

MOSFET (M5) isthe flyback switch. It is supplied through a higher supply voltage (Vrg) than the main supply voltage to
achieve a short flyback time.
The maximum allowed value of the main supply voltageis 18 Volt and for the flyback supply voltage 66 Volt.

To prevent a short circuit between the main supply and the flyback supply, adiode (D1) is placed in series with the top
MOSFET A (M2) of the output stage. To prevent conduction of the parasitic diode of the flyback switch (M5), (during the
first part of the flyback period) a diode (D3) is placed in serieswith it.
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Fig 9: Output configuration TDA8359J.

The current flow through the output MOSFETs and the vertical deflection coil can be considered in four different
parts/stages: the first part of the vertical scan, the second part of the vertical scan, thefirst part of the flyback and the second
part of the flyback. The first and second part of the vertical scan will be discussed in the following section, while the flyback
part will be explained in the next paragraph (2.6)

The current path in the vertical output bridge for the first part of the scan isillustrated by the dotted line in Fig 10.

In this figure one can see that the current flows from the main supply pin viatop MOSFET A (M2) and diode (D1) of
output A in the vertical deflection coil and measuring resistor Ry, , via bottom MOSFET B (M3) of output B to ground. The
current path for the second part of the scan isillustrated by the dotted linein Fig 11.
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Fig 10: Current path, first part of scan.
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Fig 11: Current path, second part of scan.

During the second part of the scan time, the current flows from the main supply pin viatop MOSFET B (M 1) via output B
in the measuring resistor Ry, and the vertical deflection coil, via bottom MOSFET A (M4) of output A to ground.

During the scan time, the current that flows through the deflection coil has a sawtooth shape and the main supply (Vp)
supplies the current that is needed.

The supply current will be at it’s maximum at the start of the scan, decreasing to the middle of the scan and than increasing
until the end of the scan.

In Fig 12 waveforms during scan are shown, these pictures are made with a digital oscilloscope. In thisfigureit is seen that
the lines of output voltages A and B contain asmall jump, when switching from the first part of the scan to the second part
of the scan. Thisis because diode D1 causes a voltage drop. Thisis not crossover. The line of the coil current islinear.

Furthermore one can see that the lines of the Output A voltage and the Output B voltage do not cross in the middle of the
scan time. Thisis because the voltage drop across the deflection coil, for the first part of the scan is different than the
voltage drop across the deflection coil during the second part of the scan. Thisis caused by the coil impedance which exists
of aresistive part and an inductive part. So the total voltage drop across the deflection coil exists of aresistive voltage and
an inductive voltage. For the first part of the scan the inductive contribution and the resistive contribution are of opposite
sign, while for the second part of the scan the inductive contribution and the resistive contribution have the same sign. See
also paragraph 2.10.1.
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So, if the deflection coil has arelatively large L (selfinduction), the voltage drop during the first part of the scan has a

lower value compared to the value of the second part of the scan.

That's why the crossing point of the lines of output A and output B shift to the left, when the L of the deflection coil

increases.

etk siipply eirent
(beck sy Sl

Output voltage B

- Output voltage A -

Ch3

Ch1

200maA

~W2.00ms Chi 7

s current

- Output voltage A

-
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“W2.00ms CH1 J  15.2V

Fig 12: Waveforms during scan.
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2.6 Theflyback switch

In the TDA8359J concept the value of the supply voltage (Vp) and the flyback supply voltage (Vgg) can be chosen
independently. In general, the flyback supply voltage will be chosen much higher than the supply voltage that is needed for
the scan. A ratio of 2to 4 is possible, with a maximum of 66 Volt. Thisis much higher than the value that isreached in
conventional designs with aflyback voltage generator circuit (in general aratio of 2, maximum). The flyback supply voltage
isalmost fully available at the output pin of stage A, thus across the deflection coil.

At the end of the scan time the input drive voltage will change fast in direction. The coil will try to maintain the present
current level. At this moment the output signal cannot follow the input signal, which forces the amplifier into an open-loop
condition. The flyback pulse will start.

The flyback can be divided in part A and B, see Fig 13. Due to the high voltage across the coil, the first part A has a short
duration. Part A ends when the current in the deflection coil becomes zero.

3—>:::::§

;o= IR A s ]

- Output current \

Chi~ 100V TRE 0.0V WM 2005 Ch1 7 30.0V
Ch3 200mve

Fig 13: Waveforms during flyback.
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Fig 14: Current path, first part of flyback.

At the start of thefirst part of the vertical flyback the internal drive signal switches off the top MOSFET of stage B (M1).
The current in the deflection coil seeks away out and the voltage at the output pin 7 increases and so the voltage at pin 4
will drop and triesto go below zero. Now, a clamp circuit is activated to keep this voltage above zero, due to this clamp,
only the top MOSFET of stage B (M1) will conduct, otherwise the parasitic diode across bottom MOSFET M3 would
conduct which could cause substrate-currents which could cause a malfunction of the device.

The voltage at the output (pin 7) increases and the flyback diode D2 conducts. This output voltage becomes about 2 Volt
higher than the flyback supply voltage (=voltage across diode D2), see Fig 13. The current is fed into the flyback supply
capacitor.

The current goes now through the top MOSFET of stage B (M1), the external measuring resistor Ry, the deflection coil and
the internal flyback diode (D2) into the flyback supply, see the dotted linein Fig 14.
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Fig 15: Waveforms during flyback, including supply flyback current.
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The current flow for the second part “B” of the vertical flyback is given below.

Flyb. switch \'/ 3 3 P
I ! \ Pl Xt
A D2

Flyd. diode D3

D1

— \ -
J M4R bottom A bottom BZSMSK: L

{', I'““ l_'
5 ] -

Fig 16: Current path, second part of flyback.

The second part, part B of the flyback pulse, starts when the current in the deflection coil crossesthe zero level, see Fig 15.
Now, the current in the deflection coil is supplied by the flyback voltage supply and the flyback switch (M5) conducts. The
current flows viathe flyback switch (M5), theinternal diode (D3), the deflection coil, the measuring resistor Ry, ,viathe
bottom MOSFET of stage B (M3) to ground, see Fig 16.

(Dueto avoltage loss across the flyback switch (M5) + the internal diode (D3), the output voltage at pin 7 is about 7.5 Volt
to 9 Volt lower than the flyback supply voltage, see Fig 13. This voltage drop depends on the current in the coil, a higher
current means a higher loss and thus a higher voltage drop {for details, see specification}).

The current through the coil will become positive now and will increase until it reaches a certain value, which is
proportional to the level of the input signal. Then the feedback loop is closed and the flyback switch is switched off. The
scan sequence can start again.

The waveform during part B of the output A voltage has a shape that is created by the adaptive control of the flyback switch
which operates as following : the output current of the flyback switch is measured on a certain level onwards, the drive of
the flyback switch isincreased, thus lowering the impedance of the flyback switch and a so lowering the output A voltage,
untill it has reached a certain stable value. Now the end of the flyback is reached.
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Fig 17: Damping resistor compensation.

A damping resistor Rp; is connected across the deflection coil for loop stability. The value of Rp; depends on the deflection
coil and it should be as high as possible.

Choose Rp; about 270W- 300 W. If thereis already aresistor mounted on the deflection coil assembly on the picture tube,
another resistorvalueis possible.
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note:

If the damping resistor is situated on the deflection coil assembly, the following picture is seen by measuring the current
through the wires from PCB to the coil connector. A current increase of about 200mA. Thisis the current through the
damping resistor on the deflection coil assembly.

340V

Fig 18: Current through deflection coil + Rp;.

The current through the damping resistor Rp; is high during flyback compared to the current during scan time.

The damping resistor current is added to the deflection coil current via the measuring resistor Ry. Without precautions this
resultsin atoo low current in the deflection coil at the start of the scan.

This current can be compensated to achieve a short settling time, by means of an externa circuit. This circuit consists of a
resistor (Rewp) in series with azenerdiode (D4) and is connected between the input INA (pinl) and the output OUTA
(pin7).

During flyback, if the output voltage becomes higher than the value of the zenerdiode D, (Vz), acurrent will flow into the
external circuit (Rewp + D4) and will be added to the input stage. The value of the current is determined by resistor Reyp and
the value of the zenerdiode D,. This current compensates the effect of the current in the damping resistor during flyback.

2.8 Protection Circuits

The TDA8359J has protection circuits for:

Too high crystal temperature.
Over-voltage of output stage A.
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2.8.1 High crystal temperature

A temperature sensor is located on the die of the TDA8359J. If this sensor detects atemperature of approximately 170 °C,
the protection circuit activates. The protection circuit reduces the drive of the output stage and the current through the coil is
reduced. The guard output becomes high and can be used to signal the microprocessor that a fault condition occured.

2.8.2 Over-voltage output A

The over-voltage protection is activated, when the voltage of output stage A (pin 7) increases above 68 Volt, which can
occur during voltage peaks (spikes). During these conditions, the protection circuit switches on MOSFET (M4) of output
stage A, so M4 conducts and the output voltage at pin 7 decreases. See Fig 9: Output configuration TDA8359J.

To prevent a short-circuit of the vertical flyback voltage at pin 9, at active over-voltage protection, the flyback switch M5 is
not conducting.

Output stage B is ‘ self-protecting’ because if an overvoltage occurs at output stage B (pin 4), the parasitic diode from the
top MOSFET (M1), conducts and the current isled to the elco at pin 3. (Thisis not possible at output stage A, because
diode D1 would block the current path to the elco at pin 3)

2.9 Guard Circuit

The guard output signal generates a pulse during every vertical retrace and at other conditions when the picture tube should
be blanked. It can aso be used to prevent the picture tube from burn-in, (due to faulty vertical deflection conditions) and as
avertical synchronisation signal to a microprocessor for e.g. On Screen Display.

This guard pulse can be monitored by the deflection controller, such as the Ultimate One Chip.

The guard output is active (high) for one of the following conditions:

a) during the flyback (retrace) period.
b) during an open-loop condition.
¢) during thermal protection (T; » 170°C).

An open-loop situation occurs when the output current is clipping.
The output of the guard circuit is a current source, which can deliver an active current of minimal 1 mA, at a voltage of 4.5
Volt.

The guard output can be monitored by the Ultimate One Chip family or other driver circuits. In the first case the vertical
deflection works correctly when the guard pul se:

1) is>3.65Valts

2) hasaduration > 30nseconds when active

3) becomes < 3.65Volt before the measuring lines of the UOC, otherwise discoloration could appear

During scan (in case of the Ultimate One Chip), the DC level of the vertical guard pulse is not critical but it should be below
the 3.65V detection level.
Any other waveform is considered as a ‘vertical guard failure’ which will lead to blanking of the RGB outputs, see Fig 19.
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Fig 19: Guard pulse with TDA884x\5x and TDA 935x\6x\8x N1.
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2.9.1 Guard pulse connection

The next figure shows an application diagram that combines the two beam current limiting functions (PWL and ABL) of a
One Chip family device with the vertical guard function of the TDA8359J.

TDAB8359J TDA884x/5x and
TDA935x/6x/8x N1
8 22149
F( f—o"o—_1 +—4 BCL
beam current limiter input
+V
Ic

external

>—pwl
from video dircuit
output stage

Fig 20: Guard application PWL and ABL.

The combined input of the TDA884x\5x and the TDA935x\6x\8x N1 family has the following characteristics:

If the BCL is not active, the voltage on pin 22 is 3.3 Valt, or higher.
If BCL is active theinternal impedance of pin 22 is 40 kOhm.
The current that has to be pulled out of the BCL-pin is constant (approximately 40uA) over the whole range.

The diode in series has two functions:

Prevent that the voltage at pin 22 can be driven above 3.65 Volts that can disturb the vertical guard function.
Isolate pin 22 from capacitor C in order to ensure afast PWL function of the TDA884x\5x and the TDA935x\6x\8x N1

family.
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Important to know is that the BCL-circuit forms aload to the output signal of the vertical guard output circuit. Thisload
should be below 1mA (at 3.65V pulse level). The minimal seriesresistor at pin 22 can be calculated by:

V,

_ d~
Rerie = 2

chin - Vfdiode — 3.65v - OV - 0.65v -
1ImA

SkVV Vfdiode » 0 65\/

guard max

In this formula only the minimum voltage on the averaging capacitor is determined by the design of the ABL-function.
(The minimum voltage on the averaging capacitor occurs at maximum beam current.). In case Vemin= 0 V; Regries = 3 KW. It
iswiseto use a higher value as series resistor, such as 5.6 kW.

Take also into consideration that in some applications V cyin €an become negative.

2.9.2 Guard with TDA935x\6x\8x N2 and TDA955x\6x\8x as driver circuit

In the TDA935X/6X/8X N2 and TDA955X/6X/8X family the vertical guard function has been combined with the black
current measuring input. For areliable operation of the protection system and to avoid that the black current stabilisation is
disturbed, the end of the guard pulse should not overlap the RGB measuring pulses. Therefore this pulse must end before
the start of the black current measurement lines.

If the flyback timeis too long or an open loop situation appears, the guard pulseis not ended before the black current
measurement line and the black current stabilisation is disturbed.

TDA8359J]
8 R2
o—f__+—N C 1 ; ;
@ 100 Ohm Ultimate One Chip
R1] TDA955x\6x\8x and
lokohm DS/ 50 [ TDAQ35x\6x\8x N2
%5 BLKIN
C L black current input
L
. 56pF -

RGB-amplifier 1nF

R3

1 kOhm

Fig 21: Guard connection with TDA935x/6x/8x N2 and TDA955x\6x\8x
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In Fig 21 one can see the application diagram for connecting the guard to the TDA955X/6X/8X and TDA935X/6X/8X N2
family. The GUARD pin of the TDA8359J is connected to pin 50/55 BLKIN of the TDA955X/6X/8X and
TDA935X/6X/8X N2 family. The black-current measurement output of the RGB-amplifier is also connected to pin 50/55
BLKIN of the TDA955X/6X/8X and TDA935X/6X/8X N2 family.

The output stage of the guard in the TDA8359J is a current source, so the resistor R1 of 10 kWis used to have a quicker fall

time of the guard pulse. The capacitor C (56pF — 1nF) is used to reduce possible disturbance. Diode D can be used for
protection.

In Error! Reference source not found. are scope picture of an application, which uses the guard function. In this
application the diode D isused. The TDA9567H is used as driver circuit.

.hu“j
L A A

Chi 100V ; ; ~ W Z00ps ChiF
Wi 2.00V

Chl = Voltage pin 7 OUTA of TDA8359]
Ch2 = Voltage pin |y, of RGB-amplifier
Ch3 = Voltage pin 8 GUARD of TDA8359]
Ch4 = Current pin 7 OUTA of TDA8359J

Fig 22: Scope picture of application with guard.
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2.9.3 Guard pulse connection with high load

If the vertical guard pulse, besides the guard-function, is also used as V-sync, care must be taken to prevent that the
maximum load is exceeded. In this caseit’s better to buffer the vertical guard output signal by means of a PNP-emitter
follower. In order to separate the BCL-voltage on pin 22 / 49 from the buffered vertical guard (V-sync) signal, a diode from
the emitter of the PNP to BCL-pin should be added, otherwise the vertical guard signal that is used as V-sync information
will be disturbed. See Fig 23.

+V
V-sync
TDAB8359]
I 8
+V
TDAB884x/5x and
labl R series 29/ 49 TDA935x\6x\8x N1
K I BCL

beam current limiter input

17—

Fig 23: Application for guard pulse with high load.

2.10 Supplies

The TDA8359J concept has two power-supplies, aflyback supply and a main supply which are calculated independently.
The principle of operating with two supply voltages (class G) allows the use of an optimum main supply voltage Vp for scan
and an optimum flyback supply voltage Vg for flyback. This method achieves very high efficiency.

2.10.1 Calculation of the main supply

To calculate the minimum required supply voltage, several specific application parameters have to be known. These
parameters are the required maximum (peak) deflection coil current, the coil-resistance, the coil-inductance and the
measuring resistor. The maximum coil peak current should also include overscan.

The deflection cail resistance should be multiplied by 1.2 in order to take account of hot conditions.
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The output voltage cannot become as high as the supply voltage nor as low as the ground, thisis called voltage loss and
should be taken in account when cal culating the supply voltage. According the specification, the voltage 10SSes Vos1)
Vosq2) @€ the sum of voltages across the transistors in the internal current paths at a temperature of Tj » 125 °C.

For the first part of the scan : Vgsq1) = (Vp-Voua) + (Vous-Gnd) and for the second part of the scan Vo2 = (Vp-Vous) +
(Voua-Gnd).

For the TDA8359J, V1) = 6.6V maximum and Vg2 = 4.8V maximum at |, = 1.6A peak. The voltage loss as afunction
of the output (peak) current is given in Fig 24. The valuesin this figure specify the sum of the voltage losses at T;» 125 °C.
The temperature coefficients for V1)) are positive values.

Vi) 1S higher than V7 because of the extra voltage drop across the internal diode D2, see Fig 9.

—— Viosg(l) - Vlos(2)

7
\ loss [V]

02 04 06 08 10 12 14 16 |lopexk]|
—
[A]

Fig 24: Voltage |oss of the output stage.

Thereis avoltage drop across the coil during scan which is determined by the coil impedance. The coil impedance exists of
aresistive part and an inductive part so the total voltage drop across the coil exists of aresistive voltage and an inductive
voltage. For the first part of the scan the inductive contribution and the resistive contribution are of opposite sign, while for
the second part of the scan the inductive contribution and the resistive contribution have the same sign.

The required power supply voltage Vi for the first part of the scan:

VP(l) = Icoil(peak) ’ (Rcoil(hot) + RM )_ I-coil t 2 Icoil(peak) ’ fvert(max) +Vloss(1)

The required power supply voltage Vp for the second part of the scan :

VP(2) = Icoil(peak) ’ (Rooil(hot) + RM )+ I‘coil n 2 Icoil(peak) ’ fvert(max) +\/|0$(2)

I coil (pesk) = maximum coil (peak) current
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Rcoil(hot) = Rcoil(cold) * 1.2 (for hot conditions at 70 OC)

Ru measuring resistor

L coil induction of the cail
fuertmax) = maximum vertica frequency
Vioss(1),2) = internal voltage losses

Eventually, after calculating the voltage supply by means of the above formulag, the minimum required value hasto be the
highest of the two values V) and V). Eventually, this value has to be increased by 5% to 10 % due to spread in the line
output transformer and the deflection coil.

In the next example is shown how the main supply is cal culated:
We suppose the following:

|l coit peato | » |loeaio] = 1.2A (the current in the damping resistor Ry can be neglected if Ry is not too low)
Reail =6W* 12=72W

Ru =05wW

L coil =5mH

fvert(max) =50Hz

Vloss(l) =49V (See Flg 24)

VIOSS(Z) =36V (See Flg 24)

First part of scan:
Vo =12 (7.2+05)- 5 10°" 2" 1.2 50+4.9=1354V
Second part of scan:

Vo =127 (7.2+0.5)+5710° 27 1.2" 50+3.6 =13.44V

So we must choose 13.54 V and increase this value by 5% to get the minimum required supply voltage, Vp = 14.2V.
2.10.2 Calculation of the flyback supply

The flyback time is basically set by the value of the flyback voltage. So the flyback time can be optimized by choosing the
appropriate flyback voltage. At the end of the flyback time, a settling time is needed at the start of the scan before the linear
scan begins. Generally the settling time is covered by the overscan time. For the TDA8359J the settling time is nearly zero
if the compensation resistor Reyp has the optimum value.

In atelevision application the value of the flyback time has to be shorter than the frame blanking time of the television
standard. Thisis the time between the start of the frame synchronisation pulse and the start of the measuring lines of the
next frame. For PAL / SECAM applications the flyback time must be shorter than 22 lines while for NTSC applicationsiit
must be shortrer than 25 lines.

Generally in monitor applications, a shorter time is needed, which depends on the standard that is used.

In the next figure, the voltage across the coil during the flyback time is simplified as avoltage jump :
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Fig 25: Simplified flyback time.

Using the simple model mentioned above, the flyback voltage Vg is calculated by:

, ) 0
Icoil(p-D) =Imax gi' € XE
V, L.
Where I max ¢ and X = coil
Roon (hot) RM Rcoil(hot) + RM
~ ~leg 0
U Icoil gi
(p- p)
Rcon hot RM
~ "/
u 00|I(p p) (F{:on (hot) + RM) ?—' € AB
. V.. = COI'(D p) (RCOH hot) Rrvl)
S0 FB — tFV
1l-e 7
I coil (p-p) = coil current (peak to peak)
Reoil oty = Ry * 1.2 (for hot conditions at 70 °C)
Ru = measuring resistor
trg = flyback time
L coil = induction of the coil
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The simplified formula above, assumes that the voltage during the flyback time is constant. Actualy, in an application the
flyback voltage is not constant during the flyback time. See also paragraph 2.6 .
The influence of the damping resistor (Rp;) can be neglected, if it’s value is about 270W.

Furthermore there is no need to increase the flyback voltage to compensate the spread in the line output transformer and the
deflection coil, because the calculated flyback voltage is about 5% to 10 % higher than required and is settled when the
formulae above are used.

In the next example is shown how the flyback supply voltage is calcul ated.
We suppose the following:

I coil (p-p) » lopp) = 2.4 A (the current in the damping resistor Rp; can be neglected if Rp; is not too low )
Reoil(hot =6Wx12=72W
(hot)

Ru =05W
trs =640 ns
L coil =5mH

5 103 .o
then : X=———=649.3"10°

7.2+0.5

. 7.2+0.5
Vi =24 =29.43v

- 1 -6
1 e 640 10449,10_6
So for the flyback supply voltage we choose 29.4 V.

211 Calculation of the compensation resistor Reyp

The compensation resistor Reyp Which is mentioned in paragraph 2.7 is calculated in the following way :

NFB - Vloss(FB) - Vz), RDl ’ I:\>cv1

RCMP = - -
FB ~ Vloss(FB) - coil ( peak) Rcoil (hot)) RM
Ve = flyback supply voltage
Viessre) = VOltage loss during flyback (between pin 6 and pin 7, according specification: typical 8Volt at |, = 1.6A)
V;, = voltage of the external zenerdiode D4 (= equal to the value of Vp) see Fig 2: Application diagram.
Rp1 = value of the damping resistor across the deflection coil

lcaitpesky = PEEK current through the deflection coil

Reoiinoyy = value of the deflection coil resistance in hot condition = R~ 1.2
R = value of the measuring resistor

Rev:  =value of theinput resistor
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example of calculating Revp:

SUppose:

Ves =29.4V

Viessre) = 8V

Vyz =14V

Rp1 = 270W

lcoitpeay = 1.2A

Reoilhoy = BWX 1.2 =7.2W
R =0.5W

RCVl = 2.2kW

RCMP -

_(29.4- 8-14) 270" 2200
(29.4- 8-1.2" 7.2)" 05

= 688kW

In the formula, only the voltage loss of the flyback switch is taken into account, but there is also asmall voltage lossin
output stage B. To correct the calculated value that is alittle bit too high, round off the value downwards by means of
choosing the next lower value in the E-range. So: Reyp = 680kW.

In Fig 26, Fig 27 and Fig 28 are some oscilloscope pictures of a 100Hz application, for different values of Reyp. Pay
attention to the differencesin flyback time.

- deflection coil

CEC& 200mvQ

Fig 26: Correct value of Reyp.
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: deflecfi-on 04
current

L/

Chi 0.0V ' ~ W T00ps Chi F ~ 24.0V

Fig 27: Rewp too low, current overshoot at start scan / end flyback.

Current overshoot can be seen at the top of the picture tube as line spacing.

- current

1[](]\,-" W Toops Ch‘li_,\" 254_[]\,-"
CE:& 200mva

Fig 28: Rewp too high, current undershoot at start scan / end flyback.

Current undershoot can be visible at the top of the picture tube as bright lines.
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2.12 SOAR behaviour output

The TDA8359J is designed in a68 volt LVDMOS (Low Voltage DMOS) process. The advantage of using MOSFETS
instead of bipolar transistors for the output stage is the absence of second breakdown. Fig 29 shows the Safe Operating
ARea of abipolar transistor and of aMOSFET. It shows that the bipolar transistor delivers less current than the MOSFET,
at acertain voltage. So aMOSFET output stage is more robust than a bipolar output stage. The restrictions for temperature
are the same as those in the bipolar process.

Fig 29: Power limitations.
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2.13 Power dissipation of the vertical output stage

The principle diagram of the bridge output stage is given in Fig 30.

7 Ve

Fig 30: Principle diagram.

The total power dissipation of the TDA8359J is given by the formula:
Ptot:Psup' I:)L
where:

Psp = Power dissipation delivered by the the supply
P. = Power dissipation of the load that consists of Rq+Ry

2.14 Power dissipation Pg,,

< Gnd
—

The power dissipation that is delivered by the supply is calculated by means of the next formula:

or Pop =————  because 14, = i (peak)

sup 2 sup

The explanation of the formulais described, step by step, in the Appendix (paragraph 4).
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The power dissipation which is caused by the quiescent current of the TDA8359J must also be taken into account:

V, | =V,  0.015

a(P)(av)

The contribution of the dissipation during the flyback time is approximately 0.3W. Thisis an average value for the lossesin
the flyback supply.

so: P :F’#‘(f’e&k) +V,” 0.015+0.3

2.14.1 Power dissipation P_

The power dissipation that is delivered by the load (R.i+ Ry) is calculated by means of the next formula:

P = Icoil(peak)2 ’ (1-2, Reit + RM)
- 3

— Icoil(p— p)2 ’ (12, Rcoil + RM)
12

or P

The explanation of the formulais described, step by step, in the Appendix (paragraph 4).

2.14.2 Total power dissipation Py

Eventually the total power dissipation of the TDA8359J is calculated by:

A g €l 2 (L2" R, +R,)U
Ptot — Psup _ P|_ :2 p coil ( peak) +Vp , 0015_'_033_ & coil ( peak) ( Rcon RM )l:l
¢ 2 U @ 3 o

example of calculating Py
Suppose:

Vo =14V
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Icoil(peak) =12A
Reoil = 6W( (in cold condition)
RM =0.5W

7 - N z 2 - - N

p, =4 1294 0015+030- &2 12" 6+ 0'5)3 =891- 3.69=5.22W
g 2 H & 3 U

2.15 Heatsink calculation

The value of the heatsink can be calculated in a standard way with a method based on average temperatures. The heatsink
must be chosen in such away that the temperature of the die does not exceed the maximum allowable temperature of 150°C,
as specified in the device specification.

However, in general we recommend to design for an aver age die temper ature that does not exceed 130°C.

‘\1 TDA8359]

Rih(h-a)
<>
T
Rth(c—h) amb(max)
Ren(-a)
L )
die
extérnal (=virtu
heatsink junction
solder
i . plastic
i internal heatsink encapsulation
air or (=case)
compound

leads

Fig 31: Construction of the TDA8359J mounted on a heatsink.
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The construction of the TDA8359J mounted on a heatsink is drawn in Fig 31. In this picture one can see severa thermal
resistances:

Rin(r-a) = thermal resistance between heatsink and the ambient
Rin(c-hy = thermal resistance between case and heatsink

Rinj-o = thermal resistance between die (junction) and case
Ring-a) = thermal resistance between die and ambient
Tampmag = Maximum ambient temperature

Pt = total power dissipation of the TDA8359J]

The thermal resistance Ryyj.5 between the die and ambient is cal culated by means of the next formul ae:
Ri(i-a) = Ri(j-c) T Rne-n) T Rinp-a)  and Ti- Taw =Rat” Ri(i- a)
UT, - T =Ra’ (Rth(j—c) + Rpe-n) t Rih- a))

. T-T
U Rip-a) :JP—m

tot

- (Rth(j-c) + Rth(c-h))

T, =temperature of thejunction (die)
Tamp = temperature of the ambient

The heatsink temperature Ty, will be;

T =Tt (R[h(h— a) ’ Rot)

example of calculating Rip(h- :

SUppose:
T, = 120 °C (Werecommend this for a safe value)
Taww = 40°C
Prot = 6 Watt
Rth(j—c) = 4 K/W
Rieny = 2 KIW
Ruha) = &640 - (4+2)=7.3K /W

The heatsink temperature will be:
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T, =40+(7.3" 6)=83.8°C

It may be clear that, to decrease the temperature of the heatsink or the allowed temperature inside the cabinet, the
dimensions of the heatsink should be increased.

2.16 Heatsink mounting

Thereisadirect electrical connection between the mounting base and the ground pin of the TDA8359J. The die is soldered
on the internal heatsink, see also Fig 31. The heatsink can be connected to ground to achieve a better EM C behaviour.

The thermal resistance between case and heatsink Ry .n) depends on the mounting method of the TDA8359J on the
heatsink. This can be clip or screw mounting. Both mounting methods can give acceptable results, if the instructions are
followed. In general, screw mounting will result in lower Ryycry values than clip mounting. The main reason isthe
differencein press on force of the power encapsulation case to the heatsink.

Insulation between the case and heatsink can also be used, however thisis not recommended. When insulation is used, the
Rth(c-h) has a hi gher value.

A tableis given below that shows the influence of the torque on the kappa value Ry With screw and clip mounting. The
table clearly shows the difference in kappa value for dry mounting, mounting with heatsink compound and mounting with
insulation.

torque (Ncm) heatsink compound (K/W) dry (K/W) with insulation (K/W)
screw clip screw clip screw clip
10 - 1.25 - 4.26 - 6.25
20 0.92 1.23 2.46 4.07 3.60 5.96
30 0.90 1.22 2.37 3.85 3.51 5.69
40 0.87 1.21 2.27 3.66 3.42 5.53
50 0.85 1.19 2.22 3.53 341 5.35
60 0.83 1.18 2.16 3.40 3.40 5.18
100 - 114 - 3.05 - 4.78

2.17 Flash precautions

To minimize the risk of damage to the device due to flashover in the picture tube, pay attention of a proper design of
grounding.
First connect the aquadag layer to the ground of the picture tube on the printed circuit board which is mounted on the
picture tube, and then to the ground near the horizonta output transformer.
The use of ferroxcube core beads around the deflection coil wires gives extra protection.
Furthermore use a RC filter between OUTA (pin7) and ground (pin5), as close as possible to the pins of the
TDAB8359J. The value of thefilter is 1.5Wand 47nF to 150nF.

More information about flashover can be found in the report “ Application information for flashover protection of vertical
deflection TDA8359
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2.18 EMC behaviour

When problems are found around the EM C behaviour of the application, the problems should be split into:

1. Susceptibility problem (radiation coming from outside of the IC).
2. Radiation problem (coming from the IC itself).

In both cases it isimportant to know what the frequency is that causes the problem(s).
Recommendations:
Reduction of the susceptibility and radiation can be achieved by:

limit the bandwidth of the system.
keep loop areas small to reduce magnetic pick up.
keep sensitive tracks short to reduce electrical pick up.

A. Bandwidth of the noise
The bandwidth can be limited by filtering the input, output and power supply. Pay attention to small loop areas and short
tracks during the design of the layout of the printed circuit board.

B. Drivesignal

The drive signal tracks from the drive circuit to the TDA8359J should be routed close to each other and made as short as
possible. Thisisto minimize the loop area.

To supress (EMC) interference it is possible to insert a series resistor of 100W— 1kWin the drive signals close to the driver.
Furthermore capacitors on the pins of the driver of about 560pF — 1nF.

C. Decoupling capacitors

In generd, the use of small decoupling capacitors of 2.2 nF between the input pins and ground will solve problems at the
input side. The capacitors must be connected directly to ground (pin 5) of the TDA8359J. This has to be done with short
wires and tracks in order to minimize parasitic inductance.

D. Power supplies

It is recommended to decouple the power supplies locally and as close as possible to the TDA8359J. Especially the high
frequency decoupling capacitor must be connected as close as possible to the pins of the IC. The main power supply and the
flyback power supply, should be both decoupled with 100nF capacitors.

E. Deflection coail

The connection to the deflection coil is usua done with relatively long wires. These ‘long’ wires behave as an aerial which
picks up RF disturbances. If two blocking inductors of 2 pH are placed in these wires, a good blocking of the disturbanceis
achieved. The inductors can be implemented as a "bead on wire".

F. Heatsink
For good EMC behaviour the heatsink should be grounded and not left electrically floating. The copper backside of
TDAB8359J] is soldered to the backside of the crystal and is electrically connected to the groundpin ( pin 5).

G. Circuit
For optimal suppression, the circuit in Fig 32 can be used as guidance.
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lea
c3 m 100nF
5 6
3 ’

<« Vp
ICD |:I Rp2
47nF-150nF 1.5 ohm
TDAB8359] OUTA
7 ¢
Rcmp Rb1
Cail
D4
4 Ny 1
y 4 ca B
ouTB A Rm
=T 1pF - 100pF

Fig 32: Recommended application for optimal suppression.

2.19 Application design procedure of the TDA8359]

Below are some remarks on practical applications. Designers will know most of them.
For the design-in of TDA8359J it is advised to use the following design steps:

1. Read the minimum, typical and the maximum vertical deflection current from the picture tube coil specification. The
output current of the TDA8359J (I;) should not exceed the maximum vertical deflection current (according the value
in the specification).

2. Cdculate the main- and flyback supply voltage. It should be as low as possible to avoid high dissipation, but pay
attention to the spread in the used EHT transformers. See paragraph 2.10.

3. Cdculate the value of the conversion resistors (Ry; and R.,,) and measurement resistor (Ry). Be aware that the typical
biasinput voltage of the TDA8359J is 880 mV, minimum bias voltage is 300 mV (for linearity) and the maximum bias
voltage is 1600 mV. The typical differentia input voltage is 1000 mV (p-p) with a maximum of 1500 mV (p-p). See
paragraph 2.3.2 above.

4. Choose the damping resistor (Rp1) about 300 W (Rp; is dependent of the picture tube coil and should be as high as
possible) and calculate the value of the compensation resistor Reyp, See paragraph 2.11. In genera atoo low
compensation resistor value results in overshoot and a too high value results in undershoot. A proper compensation
resistor value does not cause over- or undershoot. See also paragraph 2.11.
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5. Choose R; about 2.7kW. The value for Rs should have at least the value of the input resistors Ry, » and at most two
times Ryy1,2. See paragraph 2.4.1. Eventual, asmall capacitor of 1pF - 100pF can be placed between pin 9 (FEEDB) and
pin 4 (OUTB) to supress minor oscillations.

6. Calculate the heatsink. See paragraph 2.15.
7. For connecting the vertical guard, see paragraph 2.9.1.

8. Good HF decoupling of both supplies (pin 3 and 6) is necessary. The use of a 100nF foil capacitor (not a SMD) which
is mounted as close as possible to both power supply pins and to ground is strongly recommended, to reduce PCB-track
inductance during a flashover in the picture tube.

9. Connect the load capacitors from the supplies to the same ground as the TDA8359J (pin5), to assure a better flash
behaviour. Recommended vaues are 220uF at pin 3 (Vp) and 47nF at pin 6 (Veg).

10. Optional: For flashover precaution it is strongly recommended to connect a RC filter between OUTA (pin 7) and
ground (pin 5) that consists of 1.5Win series with 47nF to 150 nF and should be connected as close as possible to the
pins of the TDA8359J. For more information about flashover see the report “ Application information for flashover
protection of vertical deflection TDA835X”.

11. Pay attention to the symmetry of the tracks to the input pins (pin 1 and 2). Long tracks should be avoided. The use of
decoupling capacitors between the input pins and ground minimizes the interference susceptibility. Both decoupling
capacitors must have the same value and should be placed closeto pin 1 and pin 2, just like the input resistors. If the
value of these capacitorsis too high, minor oscillations could occur at the start- or end of the scan. The recommended
valueis 2.2nF.
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3. APPLICATION INVESTIGATION

3.1 Introduction

A more detailed investigation may be required, depending on the application. Whether such an investigation is necessary
can be determined by comparing the actual application with the figures in the next paragraphs.

3.2 Power peak at the start and end of flyback

When an RC-filter is used between OUTA and GND in an application with the TDA8359J, a current peak at the end of the
flyback could arise. In the next cases one can see that these current peaks don’'t damage the TDA8359J.

3.2.1 Application without RC filter

In Fig 33 the voltage of OUTA (pin 7), the current of OUTA (pin 7) and the current of GND (pin 5) is measured in an
application without RC-filter

ground - : . veltage:

ch3 1.00 Ve

Fig 33: Flyback time of application without RC-filter on OUTA
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In Fig 34 isthe begin of the flyback stretched out while in Fig 35 the end of the flyback is stretched out.

output A

...... ............ outputA
current

- output A current + current in ground-

Fig 35: Flyback time of application without RC-filter on OUTA.

Ascan be seenin Fig 34 and in Fig 35, there are no current peaks at output A or ground at the start- and end of the flyback.
The small step in the output A current is the current that flows through the damping resistor.
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3.2.2 Application with RC-filter 47 nF + 1.5 Ohm

When alow ohmic RC-filter (47 nF + 1.5 Ohm) is used between OUTA and ground for flash protection, a peak current
occurs at OUTA and GND at the end of the flyback. See Fig 36 and Fig 37.

Currentln OutputA ...... ]

ground / voltage : : : :

output A

Chi—J0.0v W 2000s ChiF 18.2V
ch3 1.00 vQ

Fig 36: Application with RC-filter between OUTA and ground (47 nF + 1.5 Ohm).

In Fig 37 the begin of the flyback is stretched out while in Fig 38 the end of the flyback is stretched out.

... currentin - - outputA

ground - voltage \ : :

o / outputA/ﬁ “
...... / Current

1+

Fig 37: Application with RC-filter between OUTA and ground (47 nF + 1.5 Ohm).
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As can be seen in Fig 37 the rise time of the flyback pulse increases when an RC-filter on OUTA isused. This has no
influence on the performance of the TDA8359J. During the rise time of the flyback, the current of pin OUTA is zero. This
is due to charging the capacitor of the RC-filter. Then the current from the deflection coil flows in the capacitor of the RC-
filter.

: currentin
........ ground NG
output A / : +
voltage : T
o

Ch3 1.00vQ

Fig 38: Application with RC-filter between OUTA and ground (47 nF + 1.5 Ohm).

Ascan be seen in Fig 38 acurrent peak of 1.8 A occursin the GND pin at the end of the flyback. Also a negative current
peak of 1.2 A occursin the OUTA at the end of the flyback. These peaks are due to discharge of the capacitor of the RC-
filter. The discharge current of the capacitor flows via the bottom transistor of the A-output of TDA8359Jto GND. See Fig
39. Because the time of these peaks are very short, this will cause no damage to the TDA8359J.

TDA8359J

OUTA|7

Bottom [ L

mosfet A
|_‘
V4| B

U

(3]

GND’

Fig 39: TDA8359J, current flow when discharging C.
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3.2.3 Application with RC-filter 150 nF + 1.5 Ohm

When alow ohmic RC-filter with an even higher capacitor is used (150 nF), higher current peaks occur in OUTA and GND
a the end of flyback. See Fig 40 and Fig 41.

currentin . - outputA

. ground / voltage : : : :

e

- output A
. current

P —

Ch3 1.00VQ

Fig 40: Application with RC-filter on OUTA (150 nF + 1.5 Ohm).

ground : ! - voltage \

output A
- current

Ch3 1.00VvQ

Fig 41: Application with RC-filter on OUTA (150 nF + 1.5 Ohm).
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A ) “"“"':'currentin
: : : i ground

A, ey e A e e

35!
: output A
current
outputA/f
....................... voltage
1+

Ch3 1.00vQ

Fig 42: Application with RC-filter on OUTA (150 nF + 1.5 Ohm).

As can be seen in figure 39 therise (and aso fall) time of the flyback pulse increases when a RC-filter on OUTA with a
capacitor of 150nF is used. This also has no influence on the performance of the TDA8359J. During the rise time of the
flyback, the current of pin OUTA iszero. Thisis due to charging the capacitor of the RC-filter. Then the current from the
deflection coil flowsin the capacitor of the RC-filter.

Ascan be seenin figure 41, acurrent peak of 2.8 A occursin the GND at the end of the flyback. Also a negative current
peak of 2A occursin the OUTA during fall time of flyback. These peaks are due to discharge of the capacitor of the RC-
filter. The discharge current flows via the bottom transistor of the A-output of TDA8359J to GND. See figure 38.

And again, aso in this case, there is no damage of the TDA8359J because the time of the current peak is very short.
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Bottom A MOSFET TDA8359J
10 -+
N e,
2.8--F----——— e SEE e R e ---E-
N | —e— 100ms
D \\ \E\%A %‘3\ —a— 10ms
A) 1 N i \K uil —a—1ms
N o
i ——
:’\\'\\\ A RDS-on
I Ne —— -0
RN N
0.1 : % ‘
1 10 14 100
VDS (V)

Fig 43: SOAR Bottom A MOSFET TDA8359J.

The above figure shows the current that is allowed for the bottom transistor A at a certain voltage and time duration. It is
established by infrared equipment.

The bottom transistor A is pulse controlled in such away that it is conducting while the temperature of this transistor does
not exceed 200 °C.

The allowed value of the current and voltage increases when the pul se duration decreases.

So, as one can see the current peak in Fig 42 does not damage the TDA8359J, the time duration of the small current peak
< 2 nSwhilethe current is 2.8A and the voltage is 14V.
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4. APPENDIX

4.1 Calculating the power dissipation Pg

The powerdissipation that is delivered by the supply is calculated in the following way:

The current (l,) that is delivered by the power supply during the scan time isillustrated in the figure below.

Sup

|
sup(peek) first half second half
of scan of scan

0.5,

t——

Fig 44: Current of the supply.

The momentary supply current Iy, is expressed by the formula:

, _ 2, o)
for O£ t £ 0.5t (first half of the scan): pr(t)—lwp(peak)-g | p(pe) =
Lg
- . .10
U Isup(t)_lsup(peak) ?-2 ?:
14
_B. .10
for 0.5t £ £ t; (second half of the scan): pr(t)-g sapipea) % Lanlpenc)
19
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Because of the symmetry for the first- and the second half of the power supply, the average power delivered by the supply
is:

1, %, to
Pup =2 Oé%p lap- 2V, 1y, 3
1 0 10
L2, %% , 0
0 Ry== Y, L, gi-z et
1 0 10
. 2"V | 03t
UPR,= =7 O6l- 2 i;dt
tl 0 tlﬂ
i 27V 7 | tzltlo.st1
— P Sup - A
u I:)sup_ é-t_u
1 e 1 Up
- 2"V,
U I:)sup: - wp,i,tl
| 4
. V.,
0 Py ==
V ’ Icoil eak
or Pap =_2 SR > (P pecause e
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4.2 Calculating the power dissipation P_

The power dissipation in the load (R.ii+Rw) is calculated in the following way:

The current through the deflection coail I and the current through the measurement resistor Ry, are equal and can be seen
inFig 45.

!

| ! coil (peak)
coll

|
coil (p-p)

0.5t

t——

Fig 45: Current through the deflection coil and Ry.

The momentary current in the deflection coil is given by:

The momentary dissipated power P (t) in theload (Re + Ry):

since: P=12"R




Philips Semiconductors

TDA8359J Preliminary Application Note
Vertical deflection output ANO00039

Because of the symmetry of the first- and the second half of the current through the load, the average power dissipation in
theloadis:

(e}
o
|

’

e -4 —+4
UR t, ( g L + t12 _Bdt
UP= 2 (l CO”(peak))Z ’ (Rcoil + RM) gt- ﬂxi+ﬂxﬁgo-5t1
L t, g 21 3 tlng
U P = 2 (l coi|(peak))2 (RcOiI + RM ), %5% 9 (O 5>¢1)2 +ﬂy(0.5)¢1)33
L t, & 1 ) 3 t12 ¥

UPR-=
L tl 6 1
2.
9] P = Icoil(peak) (Rcoil + Rm)

3

— Ic:oil(p- p)2 ’ (Rcoil + RM )
12

or = becaise Icoil(p- p) = 2 ICO”(Peak)
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For calculations the coil resistance is multiplied by 1.2 for hot conditions of the deflection cail

P = lcoil(peak)2, (1-2, Rooil +RM)
- 3

Icoil(p- p)2 ’ (12, Rcoil + I:QM )
12

or P =

66



Philips Semiconductors

TDAB8359J]
Vertical deflection output

Preliminary Application Note
ANO00039

5. REFERENCES

Application note TDA8358J (AN99009)
Application note TDA935X/6X/8X (AN98093)
Application note TDA884X/885X-N2 (AN98002)

67



Philips Semiconductors — a worldwide company

Argentina: see South America

Australia: 3 Figtree Drive, HOMEBUSH, NSW 2140,
Tel. +61 2 9704 8141, Fax. +61 2 9704 8139

Austria: Computerstr. 6, A-1101 WIEN, P.O. Box 213,
Tel. +43 1 60 101 1248, Fax. +43 1 60 101 1210

Belarus: Hotel Minsk Business Center, Bld. 3, r. 1211, Volodarski Str. 6,
220050 MINSK, Tel. +375 172 20 0733, Fax. +375 172 20 0773

Belgium: see The Netherlands
Brazil: see South America

Bulgaria: Philips Bulgaria Ltd., Energoproject, 15th floor,
51 James Bourchier Blvd., 1407 SOFIA,

Tel. +359 2 68 9211, Fax. +359 2 68 9102

Canada: PHILIPS SEMICONDUCTORS/COMPONENTS,
Tel. +1 800 234 7381, Fax. +1 800 943 0087

China/Hong Kong: 501 Hong Kong Industrial Technology Centre,
72 Tat Chee Avenue, Kowloon Tong, HONG KONG,

Tel. +852 2319 7888, Fax. +852 2319 7700

Colombia: see South America

Czech Republic: see Austria

Denmark: Sydhavnsgade 23, 1780 COPENHAGEN V,

Tel. +45 33 29 3333, Fax. +45 33 29 3905

Finland: Sinikalliontie 3, FIN-02630 ESPOO,

Tel. +358 9 615 800, Fax. +358 9 6158 0920

France: 51 Rue Carnot, BP317, 92156 SURESNES Cedex,
Tel. +33 1 4099 6161, Fax. +33 1 4099 6427

Germany: Hammerbrookstrae 69, D-20097 HAMBURG,
Tel. +49 40 2353 60, Fax. +49 40 2353 6300

Hungary: see Austria

India: Philips INDIA Ltd, Band Box Building, 2nd floor,
254-D, Dr. Annie Besant Road, Worli, MUMBAI 400 025,
Tel. +91 22 493 8541, Fax. +91 22 493 0966

Indonesia: PT Philips Development Corporation, Semiconductors Division,
Gedung Philips, JI. Buncit Raya Kav.99-100, JAKARTA 12510,

Tel. +62 21 794 0040 ext. 2501, Fax. +62 21 794 0080

Ireland: Newstead, Clonskeagh, DUBLIN 14,

Tel. +353 1 7640 000, Fax. +353 1 7640 200

Israel: RAPAC Electronics, 7 Kehilat Saloniki St, PO Box 18053,

TEL AVIV 61180, Tel. +972 3 645 0444, Fax. +972 3 649 1007

Italy: PHILIPS SEMICONDUCTORS, Via Casati, 23 - 20052 MONZA (M),
Tel. +39 039 203 6838, Fax +39 039 203 6800

Japan: Philips Bldg 13-37, Kohnan 2-chome, Minato-ku,

TOKYO 108-8507, Tel. +81 3 3740 5130, Fax. +81 3 3740 5057

Korea: Philips House, 260-199 Itaewon-dong, Yongsan-ku, SEOUL,

Tel. +82 2 709 1412, Fax. +82 2 709 1415

Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, SELANGOR,
Tel. +60 3 750 5214, Fax. +60 3 757 4880

Mexico: 5900 Gateway East, Suite 200, EL PASO, TEXAS 79905,

Tel. +9-5 800 234 7381, Fax +9-5 800 943 0087

Middle East: see ltaly

For all other countries apply to:  Philips Semiconductors,

Netherlands: Postbus 90050, 5600 PB EINDHOVEN, Bldg. VB,
Tel. +31 40 27 82785, Fax. +31 40 27 88399

New Zealand: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND,
Tel. +64 9 849 4160, Fax. +64 9 849 7811

Norway: Box 1, Manglerud 0612, OSLO,
Tel. +47 22 74 8000, Fax. +47 22 74 8341

Pakistan: see Singapore

Philippines: Philips Semiconductors Philippines Inc.,
106 Valero St. Salcedo Village, P.O. Box 2108 MCC, MAKATI,
Metro MANILA, Tel. +63 2 816 6380, Fax. +63 2 817 3474

Poland : Al.Jerozolimskie 195 B, 02-222 WARSAW,
Tel. +48 22 5710 000, Fax. +48 22 5710 001

Portugal: see Spain
Romania: see ltaly

Russia: Philips Russia, Ul. Usatcheva 35A, 119048 MOSCOW,
Tel. +7 095 755 6918, Fax. +7 095 755 6919

Singapore: Lorong 1, Toa Payoh, SINGAPORE 319762,
Tel. +65 350 2538, Fax. +65 251 6500

Slovakia: see Austria

Slovenia: see Italy

South Africa:  S.A. PHILIPS Pty Ltd., 195-215 Main Road Martindale,
2092 JOHANNESBURG, P.O. Box 58088 Newville 2114,

Tel. +27 11 471 5401, Fax. +27 11 471 5398

South America: Al. Vicente Pinzon, 173, 6th floor,

04547-130 SAO PAULO, SP, Brazil,

Tel. +55 11 821 2333, Fax. +55 11 821 2382

Spain: Balmes 22, 08007 BARCELONA,

Tel. +34 93 301 6312, Fax. +34 93 301 4107

Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM,

Tel. +46 8 5985 2000, Fax. +46 8 5985 2745

Switzerland: Allmendstrasse 140, CH-8027 ZURICH,

Tel. +41 1 488 2741 Fax. +41 1 488 3263

Taiwan: Philips Semiconductors, 5F, No. 96, Chien Kuo N. Rd., Sec. 1,
TAIPEI, Taiwan Tel. +886 2 2134 2451, Fax. +886 2 2134 2874
Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd.,

60/14 MOO 11, Bangna Trad Road KM. 3, Bagna, BANGKOK 10260,
Tel. +66 2 361 7910, Fax. +66 2 398 3447

Turkey: Yukari Dudullu, Org. San. Blg., 2.Cad. Nr. 28 81260 Umraniye,
ISTANBUL, Tel. +90 216 522 1500, Fax. +90 216 522 1813

Ukraine : PHILIPS UKRAINE, 4 Patrice Lumumba str., Building B, Floor 7,
252042 KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461

United Kingdom: Philips Semiconductors Ltd., 276 Bath Road, Hayes,
MIDDLESEX UB3 5BX, Tel. +44 208 730 5000, Fax. +44 208 754 8421
United States: 811 East Arques Avenue, SUNNYVALE, CA 94088-3409,
Tel. +1 800 234 7381, Fax. +1 800 943 0087

Uruguay: see South America
Vietnam: see Singapore

Yugoslavia: PHILIPS, Trg N. Pasica 5/v, 11000 BEOGRAD,
Tel. +381 11 3341 299, Fax.+381 11 3342 553

Internet: http://www.semiconductors.philips.com

Marketing Communications, Building BE-p, P.O. Box 218, 5600 MD EINDHOVEN,

The Netherlands, Fax. +31 40 27 24825

© Philips Electronics N.V. 2000

SCB70

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the copyright owner.

The information presented in this document does not form part of any quotation or contract, is believed to be accurate and reliable and may be changed
without notice. No liability will be accepted by the publisher for any consequence of its use. Publication thereof does not convey nor imply any license

under patent- or other industrial or intellectual property rights.

Philips
Semiconductors

Let make things better
PHILIPS

PHILIPS

\F




	1. INTRODUCTION.
	1.1 Features.
	1.2 Ordering information.
	1.3 Block diagram
	1.4 Pinning
	1.5 Quick reference data

	2. DEVICE DESCRIPTION AND APPLICATION INFORMATION
	2.1 Internal pin configuration
	2.2 Application diagram
	2.3 Vertical amplifier
	2.3.1 Vertical input circuit
	2.3.2 Conversion resistors RCV1,2 and measuring resistor RM

	2.4 Feedback Circuit
	2.4.1 Series resistor (RS)

	2.5 Vertical output stage
	2.6 The flyback switch
	2.7 Damping resistor RD1
	2.8 Protection Circuits
	2.8.1 High crystal temperature
	2.8.2 Over-voltage output A

	2.9 Guard Circuit
	2.9.1 Guard pulse connection
	2.9.2 Guard with TDA935x\6x\8x N2 and TDA955x\6x\8x as driver circuit
	2.9.3 Guard pulse connection with high load

	2.10 Supplies
	2.10.1 Calculation of the main supply
	2.10.2 Calculation of the flyback supply

	2.11 Calculation of the compensation resistor RCMP
	2.12 SOAR behaviour output
	2.13 Power dissipation of the vertical output stage
	2.14 Power dissipation Psup
	2.14.1 Power dissipation PL
	2.14.2 Total power dissipation Ptot

	2.15 Heatsink calculation
	2.16 Heatsink mounting
	2.17 Flash precautions
	2.18 EMC behaviour
	2.19 Application design procedure of the TDA8359J

	3. APPLICATION INVESTIGATION
	3.1 Introduction
	3.2 Power peak at the start and end of flyback
	3.2.1 Application without RC filter
	3.2.2 Application with RC-filter 47 nF + 1.5 Ohm
	3.2.3 Application with RC-filter 150 nF + 1.5 Ohm


	4. APPENDIX 
	4.1 Calculating the power dissipation Psup
	4.2 Calculating the power dissipation PL ÷ø

	5. REFERENCES

