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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 TDA8357J and TDA8359J. The TDA8359J is functional the
same as the TDA8357J, but the TDA8359J is able to deliver a higher output current. A
description is given of the differences between the TDA8357JN1 / TDA8359JN1 and
TDA8357JN2 / TDA8359JN2. The application design procedure and the application
investigations are given at the end of this report.




Philips Semiconductors

TDA8357JN2 and TDA8359JN2 Application Note
Vertical deflection output AN01056
CONTENTS
1. INTRODUCTION. ... rrrieess s s s s s sma s s s smas s s s s nmn s s s e mma s s e s nnnnssssnnnnsssssnnnnsnnees 9
11 == T = 9
1.2 (000 [T 10 To BT 01 ] 42 =11 oY o S 9
1.3 (=3 T o2 S q e T T | =T o N 10
14 T T 0 1 N 1
1.5 Quick reference data........ ... s e 11
2. DEVICE DESCRIPTION AND APPLICATION INFORMATION ......ccccccceiiiiiirrnnneennnns 13
21 Internal pin coNfigUIration ..o n e e 13
2.2 Application diagram........ e 15
2.3 RV =1 ¢ e T 14 ] 11 =T SR 16
24 Vertical INPUL CIFCUIL........cooi e s 17
241 Conversion resistors Rcy12 and measuring resistor Ryj........veve i 20
242 Example of a single driven application with TDA8357J / TDA8359J .......cccccvvvievveeeiiiiieeeee, 22
25 Feedback CirCUIt .........ccoiiiiiiiiiirr e e s nn e s e n e s e mnn e e s 23
2.51 T T TS ] (o () T SRRSO 24
2.6 Vertical output Stage.......ceveeiimiiemimiiiiiicieeeecececememe s s s snnnnnnnnnnnnan 25
27 The flyback SWItCh ......cciiiiiir e ————— 29
271 Adaptive control of the flyback SWItCh ..........ooiiiiii i 31
2.8 Damping resistor Rp; and damping resistor compensation circuit ............cccoooerniiiiiiiiiiiiieens 33
2.8.1 D= Lo ] o] To TR =TT 5] () g SRS 33
2.8.2 Damping resistor compensation CirCUit..............coooi i 34
2.8.3 Calculation of the compensation resiStor Romp «.ocvvvveveiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 34
29 Protection CirCUILS ... s e e 37
2.9.1 High crystal temMpPerature .............oooi e 37
29.2 OV Vo] =T [N 11 ] 1 o 101 3 N PRSP 37
210 Vertical GUArd CirCUIt .........cooiciiiiie it 38
2.10.1 Vertical guard with TDA935X/6X/8X/N2 / TDA955X/6X/8X family as vertical driver circuit..... 38
2.10.2 Vertical guard with TDA884X/5X family as vertical driver Circuit. ..........ccccoiiiiiii s 41
2.10.3 Vertical guard pulSe CONNECHION. .......cocoiiiiii e 41
2104 Vertical guard pulse connection with high load (high current)............ccooiiies 43
2.1 ST o o 1= 44
2111 Calculation of the Main SUPPIY Vp ... 44
211.2 Calculation of the flyback SUPPIY ........eeeiiiiiiiiiiiie e aee e 46
212 SOAR behaviour OUEPUL...........ccccciiiiiiiccccecrr e rr s sssssrr s s s ss s s ssssn e e e s ss s s ssmn e e e e e e ssassssnmnnneesessannnnnes 49




Philips Semiconductors

TDA8357JN2 and TDA8359JN2 Application Note
Vertical deflection output AN01056
213 Power dissipation of the vertical output stage ... 50

2.13.1 POWET Pgip e e s 50
2.13.2 Power disSipation Pl ... 51
2.13.3 Total power diSSIPAtION Piot .vvvvvrreiiiiiiiiiiiiiiiiiii e anan 51
214 Heatsink calculation TDA8357J / TDAB359J ... s e 52
2.15 HeatSinK MOUNEING ... s s s s ssssssssssssssssssssnnnnnnnnnnnnnn 54
2.16 L P2 T 4 o Y7 55
2.16.1 Flash-over simulation................cc e, 55
2.16.2 Flashover behaviour of TDA8357JN2 / TDAB359UN2 ........ooiiiiiiiiie e 55
217 LR I T T T - SO 56
2.18 EMC DEhaVIOUN ..........eeeeeeeeeeeeennenenn s ssss s ss s ss s s s s ssssssssssssssssssssssssssssssssssssssnnnnnnnnnnnnnnnn 57
2.19 Improved temperature coefficient in TDA8357JN2 / TDA8359JN2.......cooevriiecccmrrreernnssccssnneens 58
2.20 Vertical compressed scan with TDA8357J / TDAB359J ........cccceiimmmriiiiiicmerr s 58
2.21 Application design procedure of the TDA8357J / T DA8359J. .....cccoevicccimmrmreeinsssccsmeeneeeee e 60
3. DIFFERENCES BETWEEN N1 AND N2.........o s rrrsmsss e s s s e s s s e e e 63
3.1.1 Adaptive control of the flyback SWILCh ...........coooiiiiiiii e 63
3.1.2 Flashover behaviour of TDA8357JN2 / TDAB359UN2 ... 63
3.2 ESD-gUN teSt.....c it 64
3.3 Improved temperature coefficient in TDA8357JN2 / TDA8359JN2......ccoooeeiicciccerreernnssccnneeens 64
4. EXTENDED APPLICATION INVESTIGATION .......oieeceerreece e e s e e emmne e 65
41 INErOAUCHION ... s s s s s sssssssssssssssssssssnssnssnnnnnnnnnnnnnnnnnnn 65
4.2 Current peak at the end of flyback time...........ccccmmiiii e s 65
421 Application WithOUt RC-fILEE. .........oiiiiiiiee e 65
422 Application with RC-filter 47 nF + 1.5 Ohm ..o 67
E T N o o ] 1 Y 69
5.1 Calculating the pOWer Pgyp ..ccvciieiiiiiiininnisnn s 69
5.2 Calculating the power disSipation Py ......ccccciiiiiicccieiriiiirccccseerrr e 71
6. REFERENCES. ... rirrc s rss s rms s s sma s s s na s se s s mn s sn s smssnnssnnsmssnnsnnssnnsannen 74




Philips Semiconductors

TDA8357JN2 and TDA8359JN2 Application Note
Vertical deflection output AN01056

LIST OF FIGURES

L TR I = e T Qe T =T - 1 ¢ o TSR 10
fig 2: Internal circuit configuration ... ——————— 14
L TR AY o] e F =Y 1o T T L T [ = o 1SS 15
fig 4: Simplified block diagram of the vertical circuit. ........cccccoviiiiiicnr e —————— 16
fig 5: Vertical drive output currents of the TDA935X/6X/8X / TDA9S55X/6X/8X family........cccecrrrrrrrrccicnncennnnn. 17
fig 6: Input voltages on pin 1 INA and pin 2 INB of TDA8357J / TDAB359J.......cciiiiiiiiiiierree e 18
fig 7: Differential input VOItage (ViNa "VINB) «rrrereeerssmrrrrmimssssssssmrrsrsssssssssssnsssssssssssssnsnsssesssssssssnsessessssssssssnsnnsssesans 18
fig 8: Input configuration. ... ——————————————— 19
fig 9: Interconnect between TDA935x/6x/8x / TDA955x/6x/8x and TDA8357J / TDA8359J. .......ccccccvnmererernnnn 20
fig 10: Example of a single driven application............oo i 22
L T I =T | o = e Qo3 1 o SR 23
fig 12: Output configuration TDA8357J / TDAB359J......c.icciirriniimmrinir s s s s s 25
fig 13: Current path, first part Of SCAN. ........coiiii i e e e e e s 26
fig 14: Current path, second part Of SCaAN. ... e 27
fig 15: Waveforms during SCaAN. ........ccccceiriiiiiiiicissseerress s sssssssms s s e s s ss s s s s s nms s e e e e s s ss s s s smnn s e e e essas s snennesnnnsssnnnnnnnnsnn 28
fig 16: Waveforms during flyback. ........cccoocimiiiiiimiir i 29
fig 17: Current path, first part of flyback. ... e 30
fig 18: Current path, second part of flyback. .......ccc.covcmiiiiiiiinii e ———— 31
fig 19: Small difference in output voltage (flyback pulse) between N1 and N2.............cccccmrririiccccceceennennn, 32
fig 20: Damping resistor COMPENSALION. .......ciiiiiiriiiiirr i ———————— 33
fig 21: Current through deflection coil measured on point P and Q in fig 20.......c.ccccoeeccciemmrerinnsccccmecenennen, 34
L 772 0 o T (=T A 11T L= o3 35
fig 23: Rcwp too low, current overshoot at start scan / end flyback, too much compensation.................... 36
fig 24: Rcyp too high, current undershoot at start scan / end flyback, too less compensation................... 36
fig 25: Guard application for TDA955X/6X/8X / TDA935X/6X/8X family .......ccevvecceimrmeriiiiccceceree s ssneeeeee 39
fig 26: Scope picture of application with vertical guard on BLKIN. ... 39
fig 27: Circuit for smaller vertical guard pulse Width...........cccoorriiicccie e 40
fig 28: Small vertical guard pulse Width ..........cccccriiiiimii e ——————— 40
fig 29: Guard pulses with TDA884X/5X famiily .......cccccerrriiisiiiimrrrriiissscssscrrre s s s ssssssssssre e e es s s s s s s ssmn e s e e e e s sssamsnssenesas 41
fig 30: Guard application PWL and ABL............. i cmss s ssms e sms s s smmnn s e 42
fig 31: Application for guard pulse with high 10ad ... 43
fig 32: Voltage loss of the output stage. ........c.cocmmiiiiiini e ——— 45
fig 33: Simplified flyback time. .........ccc oo nn e e e n e nnnn e e e e nan 47
fig 34: Power limitations. ..o —————— 49
fig 35: PrinCiple diagram. ... s ssscsscsss s s s s ss s sssme e e s e s s s s s sm s s e e e e e s an s s smn e s e e e e ensannneeeeesennsasnnnnnennenan 50
fig 36: Construction of the TDA8357J / TDA8359J mounted on a heatsink..........cccceevvvmminiiicnniniiennenn 52
fig 37: Recommended layout for flashover protection ... e 56
fig 38: Recommended application for optimal SUPPression. ... 58
fig 39: Vertical compressed scan with TDA8357J / TDA8B359J.......cccccccmrrrmrriissssssmererssssssssssssse s s sssssssssssnssnas 59
fig 40: Vertical compressed scan with TDA8357J / TDA8359J with a zener diode on pin 4 OUTB to

(0710 59
fig 41: Small difference in output voltage (flyback pulse) between N1 and N2............ccccoiiriiinriniinnincinennn 63
fig 42: Recommended layout for flashover protection ... e 64
fig 43: Flyback time of application without RC-filter on OUTA.........cccc i 65
fig 44: Flyback time of application without RC-filter on OUTA. ... e 66
fig 45: Flyback time of application without RC-filter on OUTA. .......cccc i 66
fig 46: Application with RC-filter between OUTA and ground (47 nF + 1.5 Ohm). .......ccccccrmrrrrrricccciceennennnn, 67
fig 47: Application with RC-filter between OUTA and ground (47 nF + 1.5 Ohm). .......cccceiirimnriniinenincinenn 67
fig 48: Application with RC-filter between OUTA and ground (47 nF + 1.5 Ohm). .......ccccccrmrrrrircccccinceennennnn, 68
fig 49: TDA8357J / TDA8359J, current flow when discharging C. .........ccccciiiniimnnin s 68
fig 50: CUrrent of the SUPPIY. ..o s e e s s sss e s essa s s s snms e e e e eesasssmnneeeessasesssnnnnnnensnnn 69
fig 51: Current through the deflection coil and Ry .....cccocceiriiiiiniiicn e 7




Philips Semiconductors

TDA8357JN2 and TDA8359JN2 Application Note
Vertical deflection output AN01056




Philips Semiconductors

TDA8357JN2 and TDA8359JN2 Application Note
Vertical deflection output AN01056

1. INTRODUCTION.

The TDA8357J / TDA8359J are integrated power circuits for use in 90° and 110° colour deflection systems.
They contain a vertical deflection bridge output, which operates as a high efficiency class G system and can
handle field frequencies from 25 to 200 Hz. The vertical deflection coil of a 4 : 3 as well a 16 : 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 single positive main supply of typical 12-Volt and a positive flyback
supply of typical 45-Volt. (Depending on the vertical deflection coil data). The input configuration is
symmetrical in order to have improved EMI behaviour.

The integrated circuit is designed in a Low Voltage DMOS (LVDMOS) process that combines bipolar, CMOS
and DMOS components. DMOS output transistors (MOSFETSs) are used because of the absence of
secondary breakdown, which gives a better SOAR performance. The internal circuits are designed in such
way that only a few 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
differs in only one aspect from the TDA8357J; it is able to deliver a higher output current, therefor being
more suitable for large picture tubes.

The TDA8357J is the successor for the TDA8356 vertical deflection output stage and the TDA8359J is the
successor for the TDA8351 vertical deflection output stage. The main reason to develop successors was to
reduce the voltage drop across the output stage and have a better temperature distribution.

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
Temperature (thermal) protection circuit

Blanking pulse generator (guard)

Improved EMC performance due to differential inputs

1.2 Ordering information.

Type Package
Number Name Description Version
TDA8357J DBS9P plastic DIL-bent-SIL power package; 9 leads (lead SOT523-1
length 12/11 mm); exposed die pad
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

outB, |

GUARD Vp VER
8 3 6
GUARD ]
CIRCUIT qms 2 D2
= D3¥Y
'_
M2
Vi(p-p) Jq
INEAN b1 T 7
Vi(bias) — Al 1
JH_M4
o——————— —
INPUT 9
AND < FEEDB
FEEDBACK
Vi(p-p) CIRCUIT
A~ —
Vi(bias) // // INBJ2, J"._"N”
4
0—
J:MS
|_|
TDA8357J /
TDA8359J
5
GND

fig 1: Block diagram.
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1.4 Pinning
Symbol | Pin Description
INA 1 input A INA | 1
INB 2 input B
Vp 3 | supply voltage INB | 2
OUTB 4 output B
GND 5 d V | 3
VEs 6 g;%l;f;k supply voltage P
OUTA 7 output A ouTB | 4 TDA8357J /
GUARD 8 guard output
FEEDB 9 | feedback input GND [5 TDA8359J
Ves [
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 V
Veg flyback supply voltage 2xVp 45 66 V
lqP)(av) average quiescent supply | during scan - 10 15 mA
current
lqFB)av) average quiescent flyback during scan - - 10 mA
supply current
Pt TDA8357J: total power - - 8 W
dissipation
Piot TDA8359J: total power - - 10 W
dissipation
Input and outputs
Vi(dif)(p-p) differential input voltage (peak- - 1000 | 1500 mV
to- peak value)
lop-p) TDA8357J: output current - - 20 A
(peak-to-peak value)
lop-p) TDA8359J: output current - - 3.2 A
(peak-to-peak value)
Flyback switch
lo(peak) TDA837J: maximum (peak) t<1.5ms - - 1.2 A
output current
lo(peak) TDA839J: maximum (peak) t<1.5ms - - +1.8 A
output current

11
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Symbol | Parameter | Conditions | Min. | Typ. [ Max. | Unit
Thermal data; in accordance with IEC 747-1
Tetq storage temperature -55 - +150 °C
Tamb ambient temperature -25 - + 85 °C
T junction temperature - - +150 °C
Rin(-c) TDA8357J: thermal resistance - - 6 KIW
from junction to case
Rin(-c) TDA8359J: thermal resistance - - 3 KIW
from junction to case
Ring-a) thermal resistance from in free air - - 65 K/W
junction to ambient

12
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2. DEVICE DESCRIPTION AND APPLICATION INFORMATION

2.1 Internal pin configuration

Pin Symbol Equivalent circuit

1 INA
300 ohm &l
1
2k

Q)
2 INB

O 300 ohm

; | E | 2K

3 Ve
4 OUTB I_,T@
5 GND A
6
7 OUTA

Ve ey g
J

13
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Pin Symbol Equivalent circuit

8 GUARD
_I é;—'—? 300 ohm
———

9 FEEDB 300 ohm

fig 2: Internal circuit configuration

14
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2.2 Application diagram
Vp = 14V
R ﬁ ;,
GRD d =
12kohm l l Vg =30V
4 GUARD Ve VEB caL L ¢y caL i
8 3 6 100nF 47uF  100nF 220uF
| (100V) L1 (25V)
GUARD
Vip-p) CIRCUIT J : M5 D2 7.
|J_'| '_'L ¥ ?iv (= value of V5 )
= (]
Vitvias) N\ D3 N
o J — 2 RCcMP (1)
o .
1 7] outa = =
INA —1
> M4 RD1 deflection
J_ Cc6 RCV1 J 4 270 °h”§ gmlH o
R ﬂ m L
2.2nF 2('1202‘)’“ INPUT o| FEEDB 7S 16 W 47nF
DEFLECTION y y AND ‘ T (W6BESF)
CONTROLLER FEEDBACK 2.7 kohm
CIRCUIT Rp2
o [] Rpm( 1.5 0hm
INB J M1 ”
J_ " M 4| outs
o Rove | > l—1—
2.2kohm — 3
2.2nF (1%) J A
g L TDA8357J /
Vite-p) TDA8359J (1) Value depends on the deflection coil impedance
Vi(bias) / E 5
/L 1/ GND
0
b

fig 3: Application diagram.

The TDA8357J / TDA8359J are vertical drive circuits in a bridge 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 sections).
The input circuits of the TDA8357J / TDA8359J are differential voltage inputs. The external resistors R,
and R.,, convert the output currents of the TV signal processor 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 Rp4 is connected across the deflection coil for HF loop stability. The damping resistor
compensation, which consists of a resistor R¢yp 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. This will require an
expensive coupling capacitor of approximately 2200 uF. 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 TDA8357J / TDA8359J are DC coupled deflection output circuits, which have no bounce effect during
channel switching. By using differential mode inputs the EMC immunity is improved. The deflection coil and
the measuring resistor Ry are connected between the output amplifiers of the TDA8357J / TDA8359J that
are driven in opposite phase. See fig 3.

RCVI |j . o
1 input circuit

aabel

fig 4: Simplified block diagram of the vertical circuit.

Since the Input Stage (IS) is voltage driven, resistor R.,1 and R, are used to convert the differential output
current delivered by the driver circuit (See fig 4). But driver circuits, which deliver an output voltage can also
be used, in that case resistor R4 and R, are not necessary.

The voltage across the internal conversion resistor R, is compared with the output current through the
deflection coil by means of a voltage 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 R, and the measuring resistor Ry.

The output current is adjustable up to 2.0 A,., with the TDA8357J and up to 3.2 A, , with the TDA8359J
mainly by varying resistor Ry. The peak to peak input voltage should be as high as possible (maximum
1.5V) for having an optimal reducing of distortion on the input signals. The maximum input voltage (bias +
peak voltage) is 1.6V. The minimum input voltage (bias - peak voltage) is 100 mV, however for an optimum
linearity a minimum input voltage of 300 mV is recommended.

16
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2.4 Vertical input circuit

Pin 1 INA and pin 2 INB

The input circuit is a differential voltage driven input. The input circuit is specially designed for direct
connection to TV signal processors delivering a differential signal, but it is also suitable for single-ended
applications See 2.4.2. For processors with output currents, the currents have to be converted to voltages
by the conversion resistors Rcy4 and Ry, connected to pins 1 INA and 2 INB. Some type numbers of
suitable drive circuits: TDA9151B, TDA9160A, TDA9162, TDA933X, TDA8366, TDA8367, TDA837X,
TDAB884X/5X (one chip family), TDA886X/7X/8X (bocma family), TDA935X/6X/8X and TDA955X/6X/8X
(ultimate one chip family) and TDA485X (deflection processor family).

An example of the vertical drive output signal of an “ultimate 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 a value of 25 (dec) on a range of 0 — 63. This causes a small flat piece just before the start of
the scan.

I' /\
il (p-p)

it | 1) (bias)

0

2oy

li2 | li2 (bias)

fig 5: Vertical drive output currents of the TDA935X/6X/8X / TDA9S55X/6X/8X family.

The bias output signal current is 400 pA typical. The differential mode peak to peak output current is typical
475 HAp_p.

17
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After connecting the TDA935X/6X/8X / TDA955X/6X/8X family to the TDA8357J / TDA8359J, the following
waveforms appear on the input pin 1 INA and pin 2 INB when the conversion resistors Rcy4 and Rey» are
2k2. The voltage of INA shows a small uplift during the flyback time caused by the damping resistor
compensation that consists of the compensation resistor Reyp and zenerdiode D4.

Vi (p-p) ﬁ

INA
Vi (bias)

Vi (p-p) ﬁ
INB

fig 6: Input voltages on pin 1 INA and pin 2 INB of TDA8357J / TDA8359J.

The differential voltage on the input (Vina- Ving) is as follows:

Vi(dif) (p-p) ' 1045 mV

Vi(dif) (bias) oy

-1045 mV

fig 7: Differential input voltage (Vina -Ving)
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The internal input configuration is symmetrical to have a good 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.

The input configuration is as follows:

>—1

1
+
1:1 >
= | | | -
= | |
cvi deflection
]__,_[ _I: coil
RCOH [J 9 Rs

Rev2 N N []RM
P [T

fig 8: Input configuration.

The differential input voltage is compared with the voltage across the measuring resistor Ry, providing the
feedback information. The voltage across Ry, is proportional to the output current. The relationship between
the differential input voltage and the output current is defined by:

Vicair)(p-p) = Lo(p-p) * R

Vicairy(p—p) =Viva —Ving (Seefig7.)

Vina = voltage INA

Vine = voltage INB

lop-py = output current through the deflection coil and Ry, peak to peak value
Rwm = measuring resistor

19
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The next figure gives the vertical drive circuit diagram of the TDA935X/6X/8X / TDA955X/6X/8X family with
the vertical output stage TDA8357 / TDA8359J.

+
1L 100 22 100 INA 1
[ %’ |
jgy S _I_ ]
1nF 2k2 —=2n2 300 2K
L T
1
+
_L_ 100 21 100 INB 2
LT ‘)3/ [ -
InF ok2 Lonz 300 2K
L 1
1
TDA935x/6x/8x / TDA8357J /
TDA955x/6x/8x TDA8359J

fig 9: Interconnect between TDA935x/6x/8x / TDA955x/6x/8x and TDA8357J / TDA8359J.

2.41 Conversion resistors Rcy1, and measuring resistor Ry

Most of the TV signal processors of Philips have a current output. This current has to be converted by
resistors Reyq and Rey» at the input of the TDA8357J / TDA8359J.

The peak to peak input voltage V., should be as high as possible (maximum 1.5V) for an optimal reducing
of the differential distortion on the input signals. So Rcys and Rey, have to be chosen so that V. is as high
as possible. See fig 6. The maximum input voltage (bias + peak voltage) on pin 1 INA and pin 2 INB is 1.6V.
The minimum input voltage (bias - peak voltage) is 100 mV, however a minimum input voltage of 300 mV is
recommended because of an optimum linearity.

The conversion resistors Reyq and Rey, have the same value and can be calculated by: (See fig 5 and fig 6)

RCV1 , = i(bias) i( peak) or RCVI )= i(bias) i( peak)
" Ty 2070 T =)
i1,2(bias) + 5 12 (pias) :

Vipias) * Vipeaky = should be <1.5V for room for vertical alignment. (max. input voltage =1.6V)
Vibias) - Vipeaky = should be > 0.3V for optimum linearity

I11,2(p-p) = peak to peak output current given from the vertical deflection driver.

i1 2(bias) = bias output current given from the vertical deflection driver
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For the TDA935X/6X/8X or TDA955X/6X/8X family the value of Ry is:

Vitbias) * Vi(peak) 5 93500
Litbias) + Lifpeat) 400+ 47>
2

Reyy, =

So Rey12 must be 2k2

The output current is adjustable up to 2.0 A,., for the TDA8357J and up to 3.2 A, for the TDA8359J by
varying Ry.

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

R, = @)

10(p—p)

Vicair)(p-p) =Viva =Ving
Vicairyp-p) = Ln(p-p) *Revi = (Linpp) * Reya)

Example for TDA8357J with the TDA935X/6X/8X or TDA955X/6X/8X family as driver:

We suppose the following:

lo-p) =14 Ay
lip-p) = 475uA (value is given by vertical driver)
Vi(o-p) = 1045 mV (see fig 6)

Vidir\p—py = 4TS HA* 2k2 — (—4T5uA* 2k2) = 2.09V

1

2.097
Ry =2 =150
M= 144

Example for TDA8359J with the TDA935X/6X/8X or TDA9S5X/6X/8X family as driver:

We suppose the following:

lo-p) =24 Ay
lip-p) = 475uA (value is given by vertical driver)
Vi(o-p) = 1045 mV (see fig 6)

Ry =22 _0870
2.44
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2.4.2 Example of a single driven application with TDA8357J / TDA8359J

It is also possible to drive the TDA8357J / TDA8359J with a single drive signal, however differential driven is
recommended. The single drive signal must be connected to pin 1 INA. Pin 2 INB needs then a stable DC
voltage with a value of about the same as the bias voltage on pin 1 INA. A capacitor with a value of 10nF
must be connected between pin 1 INA and pin 2 INB for stability. See fig 10. The measuring resistor Ry,
must be half the value of when the TDA8357J / TDA8359J is differential driven. The compensation circuit
(Rewp + Dy) equals as with differential drive, but the value of Rgyp must be twice the value of when the
TDAB8357J / TDA8359J is differential driven.

100 INA 1
— 1 !
IW 2k2ﬂ Long F'_‘ 300 ?'—‘ 2K
vertical deflection I -
driver 10nF
INB 2
ﬁ‘:’( —
Lons 300 2K
0.8V C) T
s - TDA8357J /
TDA8359J

fig 10: Example of a single driven application
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2.5 Feedback Circuit

Pin 9 FEEDB
RCMP
LI
RCV] _ o
1 input circuit
> &
> #
RCVZ Q 2

fig 11: Feedback circuit.

The feedback circuit is built up with a reference between pin 4 (OUTB) and pin 9 (FEEDB), the voltage
across Ry and a series resistor Rs (pin 9). The input circuit is connected to a differential V/I converter,
which compares the voltage across Ry and the voltage across the internal conversion resistor Reon. If both

voltages are not equal the V/I converter drives the output stages until the voltage across Ry, is equal to the
voltage across Rcon.

During flyback, the flyback voltage is put across the deflection coil and the damping resistor Rp4. This
results in 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 Reyq, by means of Rgyp and Dy.
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2.5.1 Series resistor (Rs)

The purpose of Rg at pin 9 FEEDB is to achieve equal impedance for the V/I converter, Rs = R, because
the V/I converter, see fig 11, 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
Rcon- The other input has an external wire. To match R, the series resistor Rs is connected between the

deflection coil and pin 9. Choose the value of Rg about 2.7kQ.

If the output waveform should contain some oscillations, the value of Rg can be slightly changed. A small
capacitor of 1pF-100pF between pin 9 (FEEDB) and pin 4 (OUTB) could also help to suppress minor
oscillations.
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2.6 Vertical output stage

Pin 4 OUTB, pin 7 OUTA and pin 9 FEEDB

The Philips TDA8357J / TDA8359J vertical output stages use a class G bridge concept. (see fig 12).

In the class G concept the flyback supply voltage can be chosen independent from the main supply voltage.
This allows a very efficient DC coupling of the vertical output stages. This matches perfectly with modern
driving circuits, which can change settings like amplitude, shift, slope and s-correction, which are controlled
via the I°C bus. The vertical 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 D1, conduct for the first part of the sawtooth (coil) current and are supplied from
the main supply (Vp). 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) is the flyback switch. It is supplied through a higher supply voltage (Veg) than the main
supply voltage to achieve a short flyback time.

The maximum allowed values of the main supply voltage is 18 Volt and for the flyback supply voltage 66
Volt.

To prevent a short circuit between the main supply and the flyback supply, a diode (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 series with it.

6
y o 9 Veg
' a V
| Flyb. switch ){;)'/3 3){7{ p
—+ J e MO 2l v
A D2 —e /\top A top BA
Flyh. diode p3 ¢
- D1VY
7 RM f‘,
— M 3—I
J IV|42§bottom A bottom BX
—
l", )';_,I
5 J_ 5

fig 12: Output configuration TDA8357J / TDA8359J.
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The current flow through the output MOSFETSs 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, the first part of
the flyback and the second part of the flyback. The first and second part of the vertical scan will be
discussed in this section, while the flyback part will be explained in the next section (2.7)

The current path in the vertical output bridge for the first part of the scan is illustrated by the dotted line in fig
13.

In this figure one can see that the current flows from the main supply pin via top 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.

>
p= g VFB
Flyb. switch }2{(& 777777777 < 3y Vg
1 J'_MS — e
A D2 JH—M top A top B E:L
. —e
Flyh. diode D3 :
+ ath 4
V
: Ry f].
L > :

fig 13: Current path, first part of scan.
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2 9 Veg
Flyb. switch }7’/3 .<—;;f,<3-<n Vb
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J e M2 — IV
A D2 14 J M top A top BIX C:
Flyl. diode p3 W
- D1

.<________

— M —
J ottom A bottom BZS 3—H L
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fig 14: Current path, second part of scan.
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The current path for the second part of the scan is illustrated by the dotted line in fig 14. During the second
part of the scan time, the current flows from the main supply pin via top MOSFET B (M1) 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 15 waveforms during scan are shown, these pictures are made with a digital oscilloscope. In this
figure it is seen that the lines of output voltages A and B contain a small jump, when switching from the first
part of the scan to the second part of the scan. This is because diode D1 causes a voltage drop. This is not
crossover. The line of the output current is linear.

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. This is 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. This is
caused by the coil impedance, which exists of a resistive part and an inductive part. So the total voltage
drop across the deflection coil exists of a resistive 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 section
2.11.1.

So, if the deflection coil has a relatively large L (inductance), 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 vertical
deflection coil increases.
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Mjain supply current Vp
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Current through defléction coil
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fig 15: Waveforms during scan.
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2.7 The flyback switch

Pin 6 Vig and pin 7 OUTA

In the TDA8357J / TDA8359J concepts the value of the supply voltage (Vp) and the flyback supply voltage
(VEg) can be chosen independently (class G). In general, the flyback supply voltage will be chosen much
higher than the supply voltage that is needed for the scan. A ratio of 2 to 4 is possible, with a maximum of
66 Volt. This is much higher than the value that is reached in conventional designs with a flyback voltage
generator circuit (in general a ratio of 2, maximum). The flyback supply voltage is almost fully available at
the output pin of stage A, thus across the deflection caoil.

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 16. Due to the high voltage across the coil and the
influence of the damping resistor, the first part A has a short duration. Part A ends when the current in the

deflection coil becomes zero.

Tk CcOppRd. . o oo HRRMERS . oo __ dan027808:28
A B
<+—ple Voltage Vb
I | /
TPl o "

Current through deflection coili

b L IR ORI AR N R R L B .»:s.:».-.\-l:..w.,;.mt‘;:-:;-y/sw&Wrw&w-wwaw-:.

Flyback supply current Vfb

(LS S TILIEY

ra Voltage OUTA
— i i i i . -I - —_— i i
Ch1 10.0v Chz 10.0v Ml 200uz 1.25MS5%  B00nstt
Ch3 S00md & Cha S00md 5 4 Chl1 - 536 ¥

fig 16: Waveforms during flyback.
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fig 17: Current path, first part of flyback.

At the start of the first 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 a way out and the voltage at the output pin 7 increases and so the
voltage at pin 4 will drop and tries to go below zero. Now, a clamp circuit is activated to keep this voltage
above zero. This clamp which will switch-on again MOSFET M1, 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 16. 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 line in fig 17.
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The current flow for the second part “B” of the vertical flyback is given below.

(- oo <L 6 e
1 X
\i/ X 9 Veg
Flyb. switcht— ),;,1/3 3}7{ a4V
— 5 il L
—_ ! M2L M1
A D2 : H " Ztop A top BA™ 1
, i —e
Flyh. diode D3 !
T D1¥
\:/ 7 Ru 4

— v =
J M47 bottom A bottom BZSMSK: L

5 i ;'

fig 18: Current path, second part of flyback.

The second part, part B of the flyback pulse, starts when the current in the deflection coil crosses the zero
level, see fig 16. Now, the current in the deflection coil is supplied by the flyback voltage supply and the
flyback switch (M5) conducts. The current flows via the flyback switch (M5), the internal diode (D3), the
deflection coil, the measuring resistor Ry, via the bottom MOSFET of stage B (M3) to ground, see fig 18.
(Due to a voltage loss across the flyback switch (M5) + the internal diode (D3), the output voltage at pin 7 is
about 8 V lower than the flyback supply voltage. This voltage drop depends on the current in the coil; a
higher current means a higher loss and thus a higher voltage drop.

The current through the coil will become positive now and will increase until the voltage value measured
across Ry equals the input voltage. Then the feedback loop is closed and the flyback switch is switched off.
The scan sequence can start again.

2.7.1 Adaptive control of the flyback switch

The waveform during part B of the flyback waveform has a shape that is created by the adaptive control of
the flyback switch, which operates as follows. The output current of the flyback switch is measured on a
certain level onwards, the drive of the flyback switch is increased, thus lowering the impedance of the
flyback switch at increasing flyback current, until it has reached a certain stable value. Now the end of the
flyback has reached.
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In the TDA8359JN2 / TDA8357JN2 the adaptive control circuit is activated at all values of the output
current. This results in a lower dissipation in the flyback switch and a somewhat shorter flyback time. In the
TDA8359JN1 / TDA8357JN1 the adaptive control circuit is not activated at a low output current. The small
difference in the output voltage is given in fig 19:

second part of flyback time
|

DJN2

TDAB8357/5

TDA8357/59JN1

L

fig 19: Small difference in output voltage (flyback pulse) between N1 and N2
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2.8 Damping resistor Rp, and damping resistor compensation circuit

Pin 1 INA and pin 7 OUTA

Remp

1
_l

TDA8357J / TDA8359J

Rewi o »
1 input circui V/

CVv2

fig 20: Damping resistor compensation.

2.8.1 Damping resistor Rp,

A damping resistor is connected across the deflection coil to smooth the switch points of the current and
voltage as well to prevent ringing. The value of Rps depends on the deflection coil and it should be as high
as possible. Choose the value of Rps about 270Q. Be aware that there can be a damping resistor
mounted on the deflection coil on the picture tube.

If the damping resistor is situated on the deflection coil on the picture tube, the following picture fig 21, is
seen by measuring the current through the wires from the PCB to the deflection coil connector (point P in fig
20). The damping resistor causes the difference in current values between points P and Q during flyback.
During the flyback time period a higher current flows through the damping resistor than during scan time
due to a higher voltage across the deflection coil.

If the value of the damping resistor is too high, there will be too much horizontal distortion on the vertical
output voltage. Then this distortion will be visible in the picture.
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Tek  Run _ Sample

durrent through deflection coil on point P in fig 20

rent through deflection cojl on point Q in fig 20

burre nt through damping resistor on point R in fig 20

Voltage OUTA

th1  10.0%¥  Chz  S0O0mA @ M200us 125MS&  S00nskt
Ch3  S00mA Q Che  S00mA o & Ch1 - 268 Y

fig 21: Current through deflection coil measured on point P and Q in fig 20.

2.8.2 Damping resistor compensation circuit

The current values in the damping resistor Rp during scan and flyback are significantly different. During the
flyback time period a higher current flows through the damping resistor due to a higher voltage across the
deflection coil. Both the damping resistor current and the deflection coil current flow into the measuring
resistor Ry. So a too low current flows into the deflection coil compared to the input signal during flyback
time. This has an influence on the time the flyback switch is conducting. So without compensation the
flyback switch stops conducting too soon and the flyback pulse width is too small. Now it will take a rather
long time to reach the output current which equals the input signal. This results in a too low deflection coil
current at the start of the scan.

The differences in the damping resistor current values during scan and flyback have to be externally
compensated in order to achieve a short settling time. For that purpose a compensation resistor Reyp in
series with a zenerdiode D4 is connected between pins OUTA and INA. The zenerdiode D4 should be equal
to Vp in order to compensate only during flyback time, when the voltage on OUTA is higher than V. See fig
20.

2.8.3 Calculation of the compensation resistor Rcyp

The value of the compensation resistor depends on:

- The flyback voltage supply; Veg

- The internal voltage loss of the current path between pins Vg and OUTA. So the voltage loss across the
flyback switch M5 and diode D3; V/ess(ra). See fig 18.

- The voltage of the zenerdiode D4. Same as the supply voltage V,.

- The value of the damping resistor; Rp;

- The value of the input resistors; Rcy1 2

- The peak to peak output current; lop.p)

- The value of the deflection coil resistance in hot condition = Ruiicold) X 1.2

- The value of the measuring resistor; Ry,
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The compensation resistor Reyp is calculated in the following way:

(VFB - Vloss(FB) -V )X Rp1xReyy

RCMP =
I
-P)
(VFB - Vloss(FB) - 0(1772}7 X Rcoil(hot)j X Ry

Example of calculating Reye:

Ves =30V

Vioss(Fs) = 8V

Vz =14V

Rp1 =270Q

Io(p—p) =24A

Reoilhoty = 6Q2x 1.2 =7.2Q
Rwm =0.87Q

Recvi =2.2kQ

(30-8-14)x270x 2200

R =
cmMp ( 2.4

=409kQ
30—8—2><7.2)>< 0.87

In the formula, only the voltage loss of the flyback switch is taken into account, but there is also a small
voltage loss in output stage B. To correct the calculated value that is a little bit too high, round off the value
downwards by means of choosing the next lower value in the E-range. So: Rcyp = 390kQ.

So when a TV chassis used with different picture tubes with different ;) and R, the value of
Rcmp has to be adapted with each picture tube.

In fig 22, fig 23 and fig 24 are some oscilloscope pictures of an application, for different values of Reyp. Pay
attention to the differences in flyback time.

Tek FRun __ Sample . eBMNew 01130031

Cuf'rrent through deflection coi

H ) gy

Fb i i

/ Voltage OUTA
i 5
; ' ; Voltage GUARD
I ronars ' i
Ch3 200rmé £ & Chl r 334 %

fig 22: Correct value of Rcwmp.

In fig 22, the value of R¢yp is correct. The result is a correct waveform of the coil current, output voltage and
the vertical guard. The flyback time is 800 pus.
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fig 23: Remp too low, current overshoot at start scan / end flyback, too much compensation.

In fig 23 the value of R¢yp is too low. The result is an overshoot condition in the output current and longer
flyback time than in fig 21 (900 pus). Also the active high time of the vertical guard is longer than in fig 21.

Tek Fun  Sample . 2N 01130180

Current through-deflection coil

Wi

J | ' Voltage OUTA
— Voltage GUARD

Ch1 10.0¥ Chz 2ov M 400us 125KS:E  5.0usdt
Ch3 Z00rmd A Chl o+ 334 ¥

fig 24: Remp too high, current undershoot at start scan / end flyback, too less compensation.

In fig 24 the value of R¢yp is too high. The result is an undershoot condition in the output current and
clipping of the output voltage to the supply voltage Vp. The output circuit has not yet reached the level as
given by the input signal, this is similar to an open loop condition and the vertical guard remains high. So the
active high time of the vertical guard is longer (1000 pus).

Be aware that when R¢yp does not have the correct value, the vertical guard signal of pin 8 GUARD
has a different active HIGH time in comparison with the flyback time.
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2.9 Protection Circuits

The TDA8357J / TDA8359J circuits have protection circuits for:

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

2.9.1 High crystal temperature

A temperature sensor is located on the die of the TDA8357J / TDA8359J. If this sensor detects a
temperature 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 vertical deflection driver that a fault condition occurred.

2.9.2 Over-voltage output A

The over-voltage protection is activated, when the voltage of output stage A (pin 7 OUTA) increases above
70 Volt. During this condition, the protection circuit switches on MOSFET (M4) of output stage A, so M4
conducts and the output voltage at pin 7 OUTA decreases.

To prevent a short-circuit between pin 6 Vgg and pin 7 OUTA, at active over-voltage protection, the flyback
switch M5 is not conducting.

Output stage B is ‘self-protecting’ because if an over-voltage occurs at output stage B (pin 4 OUTB), the
parasitic diode from the top MOSFET (M1), conducts and the current is led to the elco at pin 3 Vp. (This is
not possible at output stage A, because diode D1 would block the current path to the elco at pin 3 Vp)
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2.10 Vertical Guard Circuit

Pin 8 Guard

The TDA8357J / TDA8359J have an internal vertical guard circuit, which delivers the guard signal to output
pin 8 GUARD. This vertical guard circuit generates a pulse during every vertical flyback and at other
conditions when the picture tube should be blanked. It can also be used to prevent the picture tube from
burn-in, (due to faulty vertical deflection conditions) and as a vertical synchronisation signal to a
microprocessor for e.g. On Screen Display. This guard pulse can be monitored by the vertical deflection
driver.

The guard output is active (high) for one of the following conditions:
1. During the vertical flyback period.

2. During an open-loop condition of the TDA8357J / TDA8359J. The circuit of the TDA8357J / TDA8359J
can see an open loop condition e.g. when the output voltage is clipping to the supply voltage Vp or
clipping to the ground level due to a too low value of Vp or due to a too high value of the compensation
resistor Rewp.

3. During thermal protection of the TDA8357J / TDA8359J (See section 2.9.1)

The guard output stage is a current source. In most applications a load resistor on pin 8 GUARD is used.
This load resistor is used for having a quicker fall time of the guard pulse.

Be aware that when the compensation resistor Rcyp does not have the correct value or the value of
the main supply voltage V; is too low, the vertical guard signal has a different active HIGH time in
comparison with the flyback time.

2.10.1 Vertical guard with TDA935X/6X/8X/N2 / TDA955X/6X/8X family as vertical driver circuit.

2.10.1.1 Pin BLKIN of driver

In the TDA935X/6X/8X and TDA955X/6X/8X family the vertical guard function can be combined with the
black current measuring input, pin BLKIN. For a reliable operation of the protection system and to avoid that
the black current stabilisation is disturbed, the end of the vertical guard pulse should not overlap the RGB
measuring pulses. Therefor this guard pulse must end before the black current measurement line. Taking a
higher flyback supply voltage Vig is a way to make the guard pulse width smaller. Or see section
2.10.1.3
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TDA8357J / TDA8359J
8 R2
L—( | —"—— 13 —
100 ohm TDA955x/6x/8x
RT| [okohm p7 TDA935x/6x/8x
55
T BLKIN |
T black current input
56pF-
1nF

RGB amplifier R3
— +—
10 kohm - 40 kohm

fig 25: Guard application for TDA955X/6X/8X / TDA935X/6X/8X family

In fig 25 is given the application for connecting the guard to the TDA955X/6X/8X / TDA935X/6X/8X family.
Pin 8 GUARD of the TDA8357J / TDA8359J is connected to pin 50/55 BLKIN of the TDA955X/6X/8X /
TDA935X/6X/8X family. The black-current measurement output of the RGB-amplifier is also connected to
pin 50/55 BLKIN of the TDA955X/6X/8X / TDAQ35X/6X/8X family.

Load resistor R1 is used for optimising the fall time of the guard pulse. The value of R1 is 10kQ.

When pin 8 GUARD is connected to BLKIN of the TDA955X/6X/8X / TDA935X/6X/8X family and the load
resistor R1 is used, the black current measurement pulse is disturbed by R1. After the guard interval the
TDA955X/6X/8X | TDA935X/6X/8X family starts the black level setting by measuring the leakage current.
When this leakage current is measured, no extra load must be seen. So a diode D in series must be used
for isolating the load resistor.

In fig 26 a scope picture of an application, which uses the guard function on pin BLKIN, is given. The
TDA9587H is used as driver circuit.

ol AU R on o o 10De 0T 1Z0EH

C{Jrrent through deflection coil

Voltage BLKIN pin

WM b
B P | I P
FE TR

! ‘ Voltage OUTA

e L B s L L T S

Voltage GUARD |

ch1 ooy e 20v M 400us 1.25MSE 800Nt
Ch3  S00mA & Che 20w AChl ~ 140 ¥

fig 26: Scope picture of application with vertical guard on BLKIN.
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2.10.1.2 Pin BCLIN of driver

In the TDA935X/6X/8X and TDA955X/6X/8X family the vertical guard function can also been combined with
the beam current limiting input, pin BCLIN.

When pin 8 GUARD is connected to BCLIN of theTDA935X/6X/8X and TDA955X/6X/8X family and a load
resistor of 10 - 12kohm is used, the beam current limiting circuit is disturbed. So a diode in series must be
used for isolating the load resistor.

2.10.1.3 Smaller vertical guard width

For a reliable operation of the protection system and to avoid that the black current stabilisation is disturbed,
the end of the vertical guard pulse should not overlap the RGB measuring pulses. When the vertical guard
pulse is too long, the circuit of fig 27 can be used to make the vertical guard pulse width smaller. See fig 28
for the result of the circuit of fig 27.

3.9 kOhm
pin BLKIN | <Il
or K' 330 kOhm oin 8 GUARD
BCLIN
Q= 10 nF

fig 27: Circuit for smaller vertical guard pulse width

3
=
-
c
=
14
ol I,
=)
=3

: : : : : €urrent through deflection coil -
: : : : : T g : ; \

: : : VoIt?ge G;UARD
Ch2l 2.00V M| 200us A| 5 328V

Ch3| 500mAQ |[Ch4| 2.00V 12 Dec 2001
28.20% 17:48:43

fig 28: Small vertical guard pulse width
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2.10.2 Vertical guard with TDA884X/5X family as vertical driver circuit.

The TDA884X/885X family or other driver circuits can monitor the guard output, which generates a pulse.
Whenever the height of this pulse is larger than 3.65 V the vertical deflection device works correctly.
However for the TDA884X/885X family during scan the DC level may decrease below the 3.65 V level. Any
other waveform is considered as failure and leads to blanking of the RGB outputs (see fig 29.)

Vpeak > 3.65V
vl W v/
Correct 3.65 Faulty 885~
Vertical Vertical
Deflection Deflection
0 1 1 0 1 1
PAL 0 20 t(?s) PAL 0 20 t(rfs)
NTSC 0 16.67 NTSC 0 16.67
0V< Vscan < 3.65V
(V)T (V)T
0V<Vdc <5V
Faulty 365 - Faulty 365 -
Vertical Vertical
Deflection —I_I—I_l— Deflection
0 1 1 0 1 1
t — t —
PAL 0 20 PAL 0 20
NTSC 0 16.67 (MS) NTSC 0 16.67 (MS)

fig 29: Guard pulses with TDA884X/5X family

2.10.3 Vertical guard pulse connection.

In the next figure an application diagram is given which combines the two-beam current limiting functions
(PWL and ABL) of a TDA884X/5X family device with the vertical guard function of the TDA8357J /
TDA8359J.

41



Philips Semiconductors

TDA8357JN2 and TDA8359JN2 Application Note
Vertical deflection output AN01056

TDA8357J / TDA8359J TDAS884X/5X

8 22
_L—(D—o/o—:n—t: BCL
beam current limiter input

Rseries

________________ ———n

>_
from video
output stage external
pwil
circuit

fig 30: Guard application PWL and ABL

The combined input of the TDA884X/885X family has the following characteristics:

* If the BCL is not active the voltage on pin 22 is 3.3 Volts, or higher.

* When BCL is active the internal impedance of pin 22 is 40 kOhm.

* The current that has to be pulled out the BCL-pin is constant.
(Approximately 40uA) over the whole range.

The diode in series has two functions:

* preventing that the voltage at pin 22 can be driven above 3.65 Volts that can
disturb the vertical guard function.

* Isolating pin 22 from capacitor C in order to ensure a fast PWL function of the
TDA884X/5X family.

Important to know is that the BCL-circuit forms a load to the output signal of the vertical guard output circuit.
This load should be below 1TmA (at 4.5V pulse level). The min. series resistor at pin 22 can be calculated by:

R _ Vguard ~ Y cmin _Vfdiode _ 3.65V -0V —-0.65V

serie — Ji 1mA

= 3kQ Vfdiode ~ 065V

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 Vcmin= 0 V; Reeries = 3K. It is wise to use a higher value as series resistor therefore in fig 30, a value
of 5.6k as Rgeies has been chosen. Take also into consideration that in some applications V¢, can become
negative.
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2.10.4 Vertical guard pulse connection with high load (high current).

If the vertical guard pulse is also used as V-sync, take care that the maximum load is not exceeded. In this
case it is possible to buffer first the vertical guard signal at the output of vertical deflection IC by means of a
PNP-emitter follower. In order to separate the BCL-voltage on pin 22 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 used as V-sync information will be disturbed (see fig 31).

+V
— Vsync
TDA8357J / TDA8359J
8 Lg]
L—( | —oo— __1—P—
+V
labl Rseries 29 TDA884X/5X
K——1 BCL

c beam current limiter input

fig 31: Application for guard pulse with high load
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2.11 Supplies

The TDA8357J / TDA8359J concepts have two power-supplies, a flyback 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.

For having a stable supply current in the main supply Vp, a load capacitor with a value of 220 uF must be
connected on pin 3 Vp. For having a stable supply current in the flyback supply current, a load capacitor
connected on pin 6 Vi with a value of 47 uF will be sufficient.

2.11.1 Calculation of the main supply Vp

Pin 3 Vp

There is a voltage drop across the coil during scan, which is determined by the coil impedance. The coil
impedance exists of a resistive part and an inductive part so the total voltage drop across the coil exists of a
resistive 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 internal output transistors have voltage losses. These voltage losses must be taken into account for
calculation of the main supply voltage Vp.

The value of the internal voltage losses given by the output transistors can be found in the next graph (see
fig 32). Viess(1) gives the voltage loss for the first part of the scan time. So V(1) is the sum of the voltage
losses of MOSFET M2, diode D1 and MOSFET M3. Vis2) gives the voltage loss for the second part of the
scan time. . So Vus(2) is the sum of the voltage losses of MOSFET M1, MOSFET M4. See fig 12.

The difference of values between Vo1 @and Vess(2) is caused by the internal diode D1.
The difference of values of voltage losses between the TDA8357J / TDA8359J is caused by the difference

in the size of the output transistors. In the TDA8359J the size of the output transistors are larger than in the
TDAB8357J. So the voltage losses are lower in the TDA8359J than in the TDA8357J.
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Vloss(1) over MOSFET M2 (D1) and MOSFET M3 with TDA8359]

=== Vloss(2) over MOSFET M1 and MOSFET M4 with TDA8359]
-------- Vloss(1) over MOSFET M2 (D 1) and MOSFET M3 with TDA8357J

=« = Vloss(2) over MOSFET M1 and MOSFET M4 with TDA8357]
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fig 32: Voltage loss of the output stage.

To calculate the minimum required supply voltage Vp, several specific application parameters have to be
known:

- The peak to peak output current; lo.p)

- The value of the deflection coil resistance in hot condition = Regii(coiq) * 1.2
- The value of the measuring resistor; Ry,

- The value of the deflection coil inductance; L.

- The value of the maximum vertical frequency; fermax)

- Viess(1,2); see fig 32

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

Lo(p-p)

VP(I) =2 9 X (Rcoil(hot) + RM )_ Lcoil X Io(p—p) X fvert(rnax) + Vloss(l)

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

Lo(p-p)

VP(Z) =2 ) X (Rcoil(hot) + RM )+ Lcoil X Io(p—p) X fvert(max) + Vloss(Z)

Finally, after calculating the voltage supply by means of the above formulae, the minimum required value
has to be the highest of the two values Vp(1y and Vp(,). This value has to be increased by 5% due to spread
in the line output transformer and the deflection coil.
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In the next example is shown how the main supply is calculated with TDA8359J:
We suppose the following:

Io(p-p) =24 A
Rcoil =6Q*1.2=72Q
Ru =0.87Q
L coil =5mH

frer(maxy = 50 Hz
Viess() = 4.9V (see fig 32)
VIOSS(Z) =36V (See ﬂg 32)

First part of scan:
2.4 3
VP(1)=7X(7.2+0.87)—5><10 x2.4x50+4.9=13.98V
Second part of scan:

Vr(2) =2—;x(7.2+0.87)+5x10_3 x2.4x50+3.6=13.88V

So we must choose 14 V and increase this value by 5% to get the minimum required supply voltage, Vp =
14.7V.

Be aware that when the value of V; is too low, the vertical guard signal of pin 8 has a different active
HIGH time in comparison with the flyback time. When the Vp is too low, The output voltage of pin 7
OUTA is clipping to the Vp at the beginning and end of the scan time. The circuit sees then an open loop
condition and makes the vertical guard high.

2.11.2 Calculation of the flyback supply

Pin 6 Vi

The flyback time is basically set by the value of the flyback voltage. So the flyback time can be optimised 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 TDA8357J / TDA8359J the settling time is nearly zero if the compensation resistor Reyp has the correct
value.

In a television application the value of the flyback time has to be shorter than the frame blanking time of the
television standard. Mostly the flyback time starts half a line after the egalisation pulses. The flyback time
must end before the generated measuring lines for the next frame. Generally in monitor applications a
shorter time is needed, but that depends on the standard that is used.

In the next figure, the voltage across the coil during the flyback time is simplified as a voltage jump:
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VFB

trg
fig 33: Simplified flyback time.

To calculate the required supply voltage Vgg, several specific application parameters have to be known:

The peak to peak output current; lop.p)

- The maximum flyback current supply; lrgmax)
The flyback time; tgg

The value of the deflection coil resistance in hot condition = Rugiicolqy X 1.2
The value of the measuring resistor; Ry
The value of the deflection coil inductance; L

Using the simple model of fig 33, the flyback voltage Vg is calculated by:

)

L. .
Where: Iax = i and x= coil
Rcoil(hot) + RM Rcoil(hot) + RM
—t
S Lo(p-p) = Vs x|1-e F%
Rcoil(hot) + RM

~Irp
S Lo(p-p) X (Rcoil(hot) + Ry )= Vg % {1 —e 4)

Io(p—p) X (Rcoil(hot) + RM )

l—e_tﬂ%

SO . VFB =
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The simplified formula above assumes that the voltage during the flyback time is constant. Actually, in an
application the flyback voltage is not constant during the flyback time. See also section 2.7.
The influence of the damping resistor (Rp;) can be neglected.

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 formulas above are used.

In the next example is shown how the flyback supply is calculated with TDA8359J:
We suppose the following:

Io(p—p) =24 A
Reoilhot) =6Qx12=72Q
RM =0.87Q
trs =640 us
I-coil =5mH
then : w=2005__ 619.6%1076
7.2+0.87
7.2+0.87
V = 4. = .
FB = 24X —— — = 30.07V
l—e 619x107°

So for the flyback supply voltage we choose 30 V.

48



Philips Semiconductors

TDA8357JN2 and TDA8359JN2 Application Note
Vertical deflection output AN01056

2.12 SOAR behaviour output

TheTDA8357J / TDA8359J are designed in a 68-volt LVDMOS (Low Voltage DMOS) process. The
advantage of using MOSFETSs instead of bipolar transistors for the output stage is the absence of second
breakdown. fig 34 shows the Safe Operating ARea of a bipolar transistor and of a MOSFET. It shows that
the bipolar transistor delivers less current than the MOSFET, at a certain voltage. So a MOSFET output
stage is more robust than a bipolar output stage. The restrictions for temperature are the same as those in
the bipolar process.

\
Y
\
.

. \
bipolar *

\
avalanche s

fig 34: 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 35.

J_ 2 GND

fig 35: Principle diagram.

The total power dissipation of the TDA8357J / TDA8359J is given by the formula:

Ptot = I:)sup - l:JL
where:
Psup = Power delivered by the supply
PL = Power dissipation of the load that consists of Rggihon+Rm
Rooil(hot) = The value of the deflection coil resistance in hot condition = Reicoiq) X 1.2
Rwm = The value of the measuring resistor

2.13.1 Power Py,

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

o Vpx Iy
sup —
2
VpxI,(,_ Io(,-
or Pyyp :P+(pp) because Ty zo(pr)

Where:

lop-p) = The peak to peak output current
Vp = Voltage of the main supply

The explanation of the formula is described, step by step, in the Appendix (section 4).
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The power that is delivered by the quiescent current of the TDA8357J / TDA8359J must also be taken into
account:

Vp X1 y(p)av) =Vp x0.015

The contribution of the power during the flyback time is approximately 0.3W. This is an average value for
the losses in the flyback supply.

VPXIO(

So: —p“’)+VP><0.015+0.3
4

sup

2.13.2 Power dissipation P,

The power that is dissipated by the load (R..; + Ry) is calculated by means of the next formula:

2
P - Lo(p=p) x(1.2x R, + Ry )
L 12

The explanation of the formula is described, step by step, in the Appendix (section 4).

2.13.3 Total power dissipation Py

Eventually the total power dissipation of the TDA8357J / TDA8359J is calculated by:

VpxI (, _ 1 _2><1.2><R-+R
Py = Py~ B =| 22072 oy 0.015+03 || ~do=) (12 Ry + Ryy)
4 12
Example of calculating Py, with TDA8359J:
Suppose:
Vp =147V
Io(p-p) =24A
Reoil = 6Q (in cold condition)
Rum =0.87Q
2
Pt ={%+14.7x0.015+0.3}{2'4 X(l'?;6+0'87)} ~9.34-3.87=547TW
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2.14 Heatsink calculation TDA8357J / TDA8359J

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 a way 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 designing for an average die temperature that does not exceed
120°C.

TDA8357 / TDA8359J
Rinh(h-a)
Rth(C-h) \ Tamb(max)
»
Rih(j-a)
< T
[ plastic
encapsulation
| —
\die(junction)
external
heatsink
solder with TIPA8359J
| glue with TIPA8357J
/\ _ case
air or
compound

& /.pins
™~

fig 36: Construction of the TDA8357J / TDA8359J mounted on a heatsink.
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The construction of the TDA8357J / TDA8359J mounted on a heatsink is drawn in fig 36. In this picture
several thermal resistances can be seen:

Rinh-a) = thermal resistance between heatsink and the ambient

Rin(c-h) = thermal resistance between case and heatsink, depends on mounting method. See sec. 2.15

Ring-c) = thermal resistance between die (junction) and case = 6 K/W for TDA8357J and = 3 K/W for
TDA8359J

Ring-a) thermal resistance between die and ambient

maximum ambient temperature
total power dissipation of the TDA8357J / TDA8359J
temperature of the die

amb(max)
Ptot
T

The thermal resistance Ry.a) between the die and ambient is calculated by means of the next formulas:
Rip(j-a) = Rin(j—c) + Rin(c—n) ¥ Ren(n-a) a4 T; = Tympmax) = For X Ren(j—a)
ST = Toumb(max) = Fror % (Rth(j—c) +Rip(e—p) + Rth(h—a))

Tj _Tamb(rnax) _(

S Rip(h-a) = Rip(j-c)+ Rth(c—h))
B

The heatsink temperature Ty, can be calculated:

Ty =T ymb(max) + (Rth(h—a) X B )

Example of calculating Rinh-a) With TDA8359J:

Suppose:
T, = 120 °C (We recommend this as maximum value)
Tamb(max) = 40 °C
Prot = 5.5 Watt
Rth(j—c) = 3 KIW
Rth(c-h) = 2 KIW
120-40
Rip(-a) =T—(3 +2)=9.55K /W

The heatsink temperature will be:

T, =40+(9.55x5.5)=92.53°C
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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.

2.15 Heatsink mounting

There is a direct electrical connection between the mounting base and the ground pin of the TDA8357J /
TDAB8359J. With TDA8357J the die is glued on the die pad and with the TDA8359J the die is soldered on
the die pad and, see also fig 33. The heatsink can be connected to ground to achieve a better EMC
behaviour.

The thermal resistance between case and heatsink Ri.n) depends on the mounting method of the
TDA8357J / 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 Ryc.n)
values than clip mounting. The main reason is the difference in press on force of the power encapsulation
case to the heatsink.

Insulation between the case and heatsink can also be used, however this is in general not needed. When
insulation is used, the Ry.ny has a higher value.

A table is given below that shows the influence of the torque on the kappa value R c.n) 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 (KIW) 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 5.563
50 0.85 1.19 2.22 3.53 3.41 5.35
60 0.83 1.18 2.16 3.40 3.40 5.18
100 - 1.14 - 3.05 - 4.78
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2.16 Flash-over.

Flashover is a random phenomenon at which the energy stored in the aquadag capacitor of the picture tube
is discharged by a current that rushes through the electrodes of the CRT to find a way from inner to outer
aquadag.

Loose conducting particles or whiskers on metal parts of the grids and cathodes cause flashes. Usually it
finds first the focus grid. But a flash may also travel along the glass surface inside the neck, to exit at the
socket of the picture tube. Thus, by means of one of these routes a flashover may reach every pin on the
tube base. While the number of discharges varies from electrode to electrode, none of them are completely
free from flashover. Extensive precautions are taken at manufacturing of the picture tube.

Furthermore, for soft-flash CRT, a high ohmic inner conductive coating reduces the peak flashover current
to about a tenth of the value of that for hard-flash CRT. Nevertheless flashes may still occur. Sparkgaps and
series resistors to the gun electrodes are required as primary safeguards. In the application of the vertical
deflection amplifier one must pay attention to a proper PCB layout.

2.16.1 Flash-over simulation

- The flash behaviour of a set can be simulated by means of a flash-mill.

- Aflash mill consists of two brass ball electrodes, separated by a quartz disc.

- The disc provided with a hole rotates periodically by a motor between the pair of brass ball electrodes.
When the hole is near the electrodes, a spark will jump between.

One wire of the flash-mill is connected to the EHT and the other is connected to the VG2 pin or the focus
pin of the picture tube without series resistor.

2.16.2 Flashover behaviour of TDA8357JN2 / TDA8359JN2

The TDA8357JN2 / TDA8359JN2 have improved robustness of the internal low substrate leakage current
diodes against flashover by construction and a new process. Evaluation in several customer sets with only a
small RC-filter (47nF + 1.5Q) from pin 7 OUTA to pin 5 GND and without any other external protections
(coils, diodes and zenerdiodes) resulted in no failures during flash testing on critical pins like focus and
VG2.

From our experiences with flashover and other overstress testing in the past it is recommended, see fig 37:

- HF decoupling capacitors of the supplies Vp and Vg must be close to pins of the IC in the PCB-layout.
These capacitors must be foil or MKT, not SMD.

- Grounding of all components to same ground as the IC: pin 5 GND. Avoid ground loops in the PCB-
layout.
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Must be close to pins in PCB layout

l "

TDA8357JN2 / 7
TDA8359JN2 6

Vb

7 OUTA

1.5 ohm

—— 47nF
7777

fig 37: Recommended layout for flashover protection

2.17 ESD-gun test

Next to the standard ESD-test on the TDA8357J / TDA8359J (Human Body Model and Machine Model),
another ESD-test is introduced by some customers. This ESD-test is introduced to test the application,
which the TDA8357J / TDA8359J is used in. This ESD-test is carried out by a standard ESD-gun (NSG
435), which is discharged on the connections of the vertical deflection coil mounted on the neck of the
picture tube. The standard ESD-gun is discharged with a capacity of 150 pF and a series resistor of 330 Q.
This capacitor and resistor are standard IEC1000-4-2 (IEC 801-2, 1991) and are inside of the ESD-gun.

With the TDA8357JN1 / TDA8359JN1, some external components were needed for a better ESD-gun test
behaviour. The TDA8357JN2 / TDA8359JN2 have improved robustness of internal low substrate leakage
current diodes against overstress behaviour by construction and a new process. Evaluation in several
customer sets with only a small RC-filter (47nF + 1.5Q) from pin 7 OUTA to pin 5 GND and without any
other external protections (coils, diodes and zenerdiodes) resulted in no failures during ESD-gun testing up
till 16.5 kV air discharge.

From our experiences with ESD-gun testing in the past it is recommended:
- HF decoupling capacitors of the supplies Vp and Vg must be close to pins of the IC in the PCB-layout.
When the HF decoupling capacitor of the flyback supply Vgg is not close to the pin Vgg, the robustness

is much lower. These capacitors must be foil or MKT, not SMD.

- Grounding of all components to same ground as the IC: pin 5 GND. Avoid ground loops in the PCB-
layout.
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2.18 EMC behaviour

When problems are found around the EMC 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 is important to know the frequency that causes the problem(s).
Recommendations:
Reduction of the susceptibility and radiation can be achieved by:

e limit the bandwidth of the system.
e keep loop areas small to reduce magnetic pick up.
o 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. Drive signal

The drive signal tracks from the drive circuit to the TDA8357J / TDA8359J should be routed close to each
other and made as short as possible. This is to minimise the loop area.

To suppress (EMC) interference it is possible to insert a series resistor of 100Q2 — 1kQ in the drive signals
close to the driver. Furthermore capacitors can be used on the pins of the driver with a value of 560pF —
1Nf. In general, 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
TDA8357J / TDA8359J. This has to be done with short wires and tracks in order to minimise parasitic
inductance.

C. Power supplies

It is recommended to decouple the power supplies locally and as close as possible to the TDA8357J /
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.

D. Deflection coil

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

E. Heatsink

For good EMC behaviour the heatsink should be grounded and not left electrically floating. The copper
backside of the TDA8357J is glued to the backside of the crystal and is electrically connected to the ground
pin (pin 5). The copper backside of the TDA8359J is soldered to the backside of the crystal and is
electrically connected to the ground pin (pin 5).

F. Circuit
For optimal suppression, the circuit in fig 38 can be used as guidance.
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fig 38: Recommended application for optimal suppression.

2.19 Improved temperature coefficient in TDA8357JN2 / TDA8359JN2

The TDA8357JN2 / TDA8359JN2 have an improved temperature coefficient. A small layout modification is
made in the TDA8357JN2 / TDA8359JN2, which reduces a temperature influence of the vertical amplitude.
This temperature influence is checked in a customer TV-application. The picture height of the picture tube
used is 410 mm. The results found are that the temperature influence of the vertical amplitude is reduced by
a factor of 2. The behaviour equals our predecessor range of vertical deflection output amplifiers.

2.20 Vertical compressed scan with TDA8357J / TDA8359J

Vertical compressed scan is used in double window applications on 16:9 picture tubes and for the display of
a 16:9 picture on a 4:3 picture tube. When vertical compressed scan is used with the TDA935X/6X/8X /
TDA955X/6X/8X family (VX = 0, OSVE = 1) the black current measuring lines are written in the vertical
overscan. These measuring lines are written in the vertical overscan during the last four lines of the vertical
flyback period. After the last line is written the vertical drive signal jumps to the starting point of the video
lines. At this moment the output signal of the TDA8357J / TDA8359J cannot follow the fast changing input
signal, which forces the TDA8357J / TDA8359J into an open loop condition. See fig 39.

This can be prevented by using a zener diode from pin 4 OUTB to pin 5 GND. See fig 40. The zener
diode prevents the output of the TDA8357J / TDA8359J to be clipped to the supply voltage. The value of the
zener diode has to be between the supply voltage (about 2V lower) and the maximum output voltage on
OUTB (about 1 V higher). The zener diode must have low internal resistance and must be able to consume
a peak current of about 2A, to assure proper operation.
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fig 39: Vertical compressed scan with TDA8357J / TDA8359J
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fig 40: Vertical compressed scan with TDA8357J / TDA8359J with a zener diode on pin 4 OUTB to GND
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2.21 Application design procedure of the TDA8357J / T DA8359J.

Below is explained how to start with a design-in of the TDA8357J / TDA8359J.

For the design-in of TDA8357J / TDA8359J it is advised to use the following design steps:

1.

Start with calculating the conversion resistors Rcys2. Read the typical peak to peak output current
l1,20-p) @nd the bias output current |4 2ias) from the vertical deflection driver. Take Vipias) + Vipeay <1.5V
for room for vertical alignment.(max =1.6V) and take Vpias) - Vipeak) > 0.3V for optimum linearity

Rcv can be calculated by:

Vi(bias) + Vi(peak) Vi(bias) B Vi(peak)
Foria = Ti2(p-p) o foria = Ti12(p-p)
I i1,2(bias) + T 1 i1,2(bias) ~ Ty

When a TDA884X/5X (one chip family), TDA886X/7X/8X (bocma family), TDA935X/6X/8X or
TDA955X/6X/8X (ultimate one chip family) driver is used, a value of 2k2 for Rey1 2 will do.

Calculate the measuring resistor Ry. Read the peak to peak value of the vertical deflection current
from the picture tube coil specification. This is the edge to edge value, so overscan has to be included
(about 5%).

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

R, = J@=p)

10(p—p)

Vicair(p-p) =Vina =Ving

Vicairyp-p) = Ln(p-p) *Revi = (Linpp) * Reya)

Calculate the minimum main supply voltage V5. It should be as low as possible to avoid high
dissipation. Read the DC-resistance Ruicoiq) @nd inductance L, of the vertical deflection coil. Read the
value of Vs in fig 32. Determine the wanted maximum vertical frequency fyermax)-

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

_Lo(p-p)

) X (Rcoil(hot) + RM )_ Lcoil X Io(p—p) X fvert(max) + Vloss(l)

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

Ly
VP(Z) = %X (Rcoil(hot) + RM )+ Lcoil X [o(p—p) X fvert(max) + Vloss(Z)
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Eventually, after calculating the voltage supply by means of the above formulae, the minimum required
value has to be the highest of the two values Vp(yy and Vp(,). Eventually, this value has to be increased by
5% due to spread in the line output transformer and the deflection coil.

3. Calculate the flyback supply voltage Vp. Determine the wanted flyback time tgg.
The flyback supply voltage can be calculated by:

Vo = Io(p—p) X (Rcoil(hot) + RM)
FB — _tFl%
l-e 7%

Where:

Lcoil
Rcoil(hot) + RM

X =

4. Calculate the compensation resistor Rcyp. Take a value of Vg (rg) Of 8V. Read the value of the
damping resistor Rp4. A value of 270Q is recommended. Check for damping resistor on the deflection
coil unit. Take the value of the zenerdiode V; same as value of V,

The compensation resistor Reyp is calculated in the following way:

R (Ves - Viesscry = V2 )% Rpy x Ry
CMP — ( Ji

(p-p)
Vip = Vloss(FB) - sz X Rcoil(hot)j xRy

5. Choose a value of R, of 2.7kQ.

6. Calculate the heatsink. . The heatsink must be chosen in such a way 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 designing for an average die temperature that does not exceed
120°C. So take a value for the die temperature of 120°C. The value of the thermal resistance between
die (junction) and case R is 6 K/W for TDA8357J and is 3 K/W for TDA8359J. The value of the
thermal resistance between case and heatsink R .y , depends on the mounting method. See table of
sec. 2.15.

The total power dissipation Py is calculated by:

2x(1.2xR,,; +Ryy)
12

Vo, xI,(,_ Io(,
—p, =| 2 olemn) 0015403 |- | =)
L 4 p

By = Psup

The heatsink temperature Ty, can be calculated: Determine the maximum ambient temperature Tamp(max)

Th = Tamb(max) + (Rth(h—a) X Ptot )
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The thermal resistance between heatsink and the ambient Ry can be calculated by:
T, _Tam max
= Rth(h—a) =1 P B ) _(Rth(j—c) + Rth(c—h))
tot

7. Connect the vertical guard. See sec. 2.10 for a detailed description.

8. Good HF decoupling of both supplies (pin 3 and 6) is necessary. The use of a 100 nF foil or MKT
capacitor (not SMD) which is mounted as close as possible to both power supply pins and to ground is
strongly recommended.

9. Recommended values for the elcaps on the supplies are 220uF at pin 3 (Vp) and 47uF at pin 6 (Vgg).

10. For flashover or other overstress protection it is recommended to connect an RC-filter between OUTA
(pin 7) and ground (pin 5) that consists of 1.5Q in series with 47nF and should be connected as close
as possible to the pins of the TDA8357J / TDA8359J.

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 minimises the
interference susceptibility. Both decoupling capacitors must have the same value and should be placed
close to pin 1 and pin 2, just like the input resistors. If the value of these capacitors is too high, minor
oscillations could occur at the start- or end of the scan. The recommended value is 2.2nF.
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3. DIFFERENCES BETWEEN N1 AND N2

In this chapter is given a summary of the differences between TDA8357J / 59JN1 and TDA8357J / 59JN2.
No changes have to be made in the application, when changing from N1 to N2.

3.1.1 Adaptive control of the flyback switch

The waveform during part B of the flyback waveform has a shape that is created by the adaptive control of
the flyback switch, which operates as follows. The output current of the flyback switch is measured on a
certain level onwards, the drive of the flyback switch is increased, thus lowering the impedance of the
flyback switch at increasing flyback current, until it has reached a certain stable value. Now the end of the
flyback has reached.

In the TDA8359JN2 / TDA8357JN2 the adaptive control circuit is activated at all values of the output
current. This results in a lower dissipation in the flyback switch and a somewhat shorter flyback time. In the
TDA8359JN1 / TDA8357JN1 the adaptive control circuit is not activated at a low output current. The small
difference in the output voltage is given in fig 41:

second part of flyback time

TDA8357/59JN2

________

TDA8357/59JN1

L

fig 41: Small difference in output voltage (flyback pulse) between N1 and N2

3.1.2 Flashover behaviour of TDA8357JN2 / TDA8359JN2

The TDA8357JN2 / TDA8359JN2 have improved robustness of the internal low substrate leakage current
diodes against flashover by construction and a new process. Evaluation in several customer sets with only a
small RC-filter (47nF + 1.5Q) from pin 7 OUTA to pin 5 GND and without any other external protections
(coils, diodes and zenerdiodes) resulted in no failures during flash testing on critical pins like focus and
VG2,

From our experiences with flashover and other overstress testing in the past it is recommended, see fig 42:

- HF decoupling capacitors of the supplies Vp and Vg must be close to pins of the IC in the PCB-layout.
These capacitors must be foil or MKT, not SMD.

- Grounding of all components to same ground as the IC: pin 5 GND. Avoid ground loops in the PCB-
layout.
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Must be close to pins in PCB layout

l
V
T i
00nF
TDA8357JN2 /
TDA8359JN2 6
Vb
v
100nF
77
7
| OUTA
1.5 ohm
47nF

H

fig 42: Recommended layout for flashover protection

3.2 ESD-gun test

Next to the standard ESD-test on the TDA8357J / TDA8359J (Human Body Model and Machine Model),
another ESD-test is introduced by some customers. This ESD-test is introduced to test the application,
which the TDA8357J / TDA8359J is used in. This ESD-test is carried out by a standard ESD-gun (NSG
435), which is discharged on the connections of the vertical deflection coil mounted on the neck of the
picture tube. The standard ESD-gun is discharged with a capacity of 150 pF and a series resistor of 330 Q.
This capacitor and resistor are standard IEC1000-4-2 (IEC 801-2, 1991) and are inside of the ESD-gun.

With the TDA8357JN1 / TDA8359JN1, some external components were needed for a better ESD-gun test
behaviour. The TDA8357JN2 / TDA8359JN2 have improved robustness of internal low substrate leakage
current diodes against overstress behaviour by construction and a new process. Evaluation in several
customer sets with only a small RC-filter (47nF + 1.5Q) from pin 7 OUTA to pin 5 GND and without any
other external protections (coils, diodes and zenerdiodes) resulted in no failures during ESD-gun testing up
till 16.5 kV air discharge.

From our experiences with ESD-gun testing in the past it is recommended:

- HF decoupling capacitors of the supplies Vp and Vg must be close to pins of the IC in the PCB-layout.
When the HF decoupling capacitor of the flyback supply Vg is not close to the pin Vgg, the robustness
is much lower. These capacitors must be foil or MKT, not SMD.

- Grounding of all components to same ground as the IC: pin 5 GND. Avoid ground loops in the PCB-
layout.

3.3 Improved temperature coefficient in TDA8357JN2 / TDA8359JN2

The TDA8357JN2 / TDA8359JN2 have an improved temperature coefficient. A small layout modification is
made in the TDA8357JN2 / TDA8359JN2, which reduces a temperature influence of the vertical amplitude.
This temperature influence is checked in a customer TV-application. The picture height of the picture tube
used is 410 mm. The results found are that the temperature influence of the vertical amplitude is reduced by
a factor of 2. The behaviour equals our predecessor range of vertical deflection output amplifiers.
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4. EXTENDED APPLICATION INVESTIGATION

4.1 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 sections.

4.2 Current peak at the end of flyback time.

For flashover or other overstress protection it is recommended to connect a RC-filter between OUTA (pin 7)
and ground (pin 5) that consists of 1.5Q in series with 47nF and should be connected as close as possible
to the pins of the TDA8357J / TDA8359J.

When an RC-filter is used between OUTA and GND in an application with the TDA8357J / TDA8359J, a

small current peak at the end of the flyback time arises. In the next case one can see that these current
peaks don’t damage the TDA8357J / TDA8359J.

4.2.1 Application without RC-filter.

In fig 43 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 43: Flyback time of application without RC-filter on OUTA
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In fig 44 is the beginning of the flyback stretched out and in fig 45 the end of the flyback is stretched out.

output A
" voltage

----- -~ output A
current

1+

Ch3 1.00VvQ

fig 44: Flyback time of application without RC-filter on OUTA.

- output A current + current in ground

outputA
voltage

Chi 100V " WM2.00us Chi S 18.3V
ch3 1.00vQ

fig 45: Flyback time of application without RC-filter on OUTA.

As can be seen in fig 44 and in fig 45, 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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4.2.2 Application with RC-filter 47 nF + 1.5 Ohm

When a low 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 46 and fig 47.

- current in Ol.ltpl.ltA ...... ]

ground 1 / voltage 1 1 1 1

current

Ch3 1.00VQ

fig 46: Application with RC-filter between OUTA and ground (47 nF + 1.5 Ohm).

In fig 47 the beginning of the flyback is stretched out and in fig 48 the end of the flyback is stretched out.

S ' currentin - output A

ground + voltage \

/ outputA/f 4
- /ﬂ

Chi 100V M2.00s Chi # 18.4V

fig 47: Application with RC-filter between OUTA and ground (47 nF + 1.5 Ohm).
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As can be seen in fig 47 the rise time of the flyback pulse increases when an RC-filter on OUTA is used.
This has no influence on the performance of the TDA8357J / 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.

current in
cground N\
- o i P ot e e
- : : : : : current
output A
voltage : +
1+ ...............................
SIS ISP U S ..M.zi..o.o.usa A B

ch3 1.00vQ

fig 48: Application with RC-filter between OUTA and ground (47 nF + 1.5 Ohm).

As can be seen in fig 48 a current peak of 1.8 A occurs in the GND pin at the end of the flyback. Also a
negative current peak of 1.2 A occurs in 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 TDA8357J / TDA8359J to GND. See fig 49. Because the time of these peaks is
very short, this will cause no damage to the TDA8357J / TDA8359J.

TDA8357J
or
TDA8359J
OUTA
7
A4 L C
R

Botiom A | F« MAk
ottom J:ﬂ Zx

9| GND

fig 49: TDA8357J / TDA8359J, current flow when discharging C.
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5. APPENDIX

5.1 Calculating the power P,

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

The current (Is,p) that is delivered by the power supply during the scan time is illustrated in the figure below.

I AN S N
sup
I
sup(peak) first half second half
of scan of scan
= 1
o |
| 0.5t |
— ~
¢ 1
t——
fig 50: Current of the supply.
The momentary supply current lg,, is expressed by the formula:
t
for 0 <t < 0.5t (first half of the scan): I \t)=1 - 2x1 X —
1 sup( ) sup(peak) sup(peak) t
t
= Isup (t) = Isup(peak) x| 1-2x t_
1
t
for 0.5t <t < t; (second half of the scan): I \t)=|2x1 x— |=1
1 sup( ) sup(peak) t sup(peak)

t
< Isup(t)z Isup(peak) X(ZXT_IJ
1

Because of the symmetry for the first- and the second half of the power supply, the average power delivered
by the supply is:
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0.5¢,

1 t

Pyyp :szx I (Vpxlsup —2x VpxlsuprJdt
0

0.5¢
2 t
C>Psup=t—>< I Vpxlsupx[l—2xt—jdt
T 1

0.5
» | 2xVpxlgy, t 27
N sup — X\ =—
gl n ],
2xVpxlI 1
< Fop = Pt =X =Xty
1
Vlesup
< Lgyp = 2
VpxI,(,_
or Psup=P+(pp) because Loy = Lo(p-p)
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5.2 Calculating the power dissipation P_

The power dissipation in the load (R + Ry) is calculated in the following way:

The current through the deflection coil |, and the current through the measurement resistor Ry, are equal
and can be seen in fig 51.

I
o(peak)

I
o(p-p)

fig 51: Current through the deflection coil and Rw.

The momentary current in the deflection coil is given by:
t
]0 (t): Io(peak) —| 2x Io(peak) Xl‘_
1

t
@IO(t)=IO(peak)x(l—2xZJ

The momentary dissipated power P (t) in the load (R + Rw):

since: P=I*xR

2
2 t
= PL(t)= Io(peak) X(l_zxt_j ><(Rcoil +RM)
1
Because of the symmetry of the first- and the second half of the current through the load, the average
power dissipation in the load is:

71



Philips Semiconductors

TDA8357JN2 and TDA8359JN2 Application Note
Vertical deflection output AN01056

0.5, 2
2 t
PL :t—X J‘ (Io(peak))z X[l_zxt_j X(RCOiZ +RM )dt
TR 1

f ; 4

0.5
BRSNS RN VY

f 2 g 1t .
2><(10(peak))Z ><(Rcoil +RM) (05 -4 )2 4 (O.5-t1 )3
<SP = x| 0.5, -2- +—- 5
4 1 H
2x\I X(R.,;; + R
@PL= (o(peak))z ( coil M)X|:l-t1 —l'tl+l'l‘1:|
4 2126
2x\7 X(R.,i; + R
o PL _ ( o(peak))zt ( coil M)Xl'tl
1
2
N PL _ Io(peak) ><(3Rcoil +RM)
Io(pp) X (Repi + R
or P = op=p) ( coll M) because Io(p_p)=2><10(peak)

12
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For calculations the coil resistance is multiplied by 1.2 for hot conditions of the deflection coil

2
P = ]o(peak) ><(l'szcoil +RM)
L 3

V) (12X Rypyy + Ry )
12

Lo(,
or P = op=p
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6.
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