





























































































































































































































































































































































































































































































































































































































APPLICATION NOTE

V.3.5.1 - Block diagram

Figure 28
.
L o
- Ls & lg =750 pA Comparator
2ps M Mute Output
iC(2s) Pin24

— & Ig =500 pA
LS 46V
] r‘ Frame

4 C25 mm 4.7 NF Logic

% 91AN2028/29-27

The video recognition signal is delivered by a hys-
teresis comparator.

The recognition time "Tr" is adjustable by an exter-
nal capacitor, as soon as ¢1 is locked :

. ey 2HS
Icasav) Ic><64 us
and :
- Th=Cosx—" —1.96 x 105 x Cos

Icas(av)
- with C25 = 4.7 nF = Tr = 1 ms (which is clearly
quite fast)

Figure 29
o L
1
]
Line Sync.__l—:—-—L
LS 4.7 ps
1
2us ..r+—|=__ 2ps
[
|
lces) | ! ! with Video
c .
] L o
ices) k b
: } without Video
1
Ig o -
Mute
Output @
1 &
@
ViysT=0.3V §
0 - =z
I
VL VH V2s :
46V

&y SEHANEN

V.3.6 - Characteristics of loop ¢1

V.3.6.1 - Locking accuracy
Let's study the phase error "gout - @IN" under
steady state conditions :
The open-loop gainis :
AB f
- T(p) =250

Where :

* A=0.16 mA/rd (long time constant)
* A =0.47 mA/rd (short time constant)
+B=0.7kHz/V or B=4.4 103 rd/s

1+1p
“flp)=Rx—0n 1P
) = R o) (1 + o)
Where :

* R = Dynamic input resistance of VCO.
If a phase step of A is applied to the input, the
following would be obtained as a function of (p) :

AD
DINp) =~
IN(P) o

Using the last value theorem : lim f(t) = lim p . f(p)
Let’s calculate lim (@in — @ouT)
—0

p
- The closed-loop gain is :
HE) = T() __ABi(p) _ Pout(p)
1+T(p) p+ABf(p) DiN(p)

- _ o pAD
that is ;!Top (@ - Dour) —;I_TO STABIO) 0
It is therefore deduced that the system can follow
all input phase variations without producing any
static error.
In practice, there will be a slight error due to the
input bias current "Ig" of VCO, which is 0.55pA at
fo = 500kHz. This DC current is delivered by a
phase comparator which will generate a phase
error of :

19/56
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- long time constant :

IB 10_:‘l _3
ADLoNG = Aone - 0.55 x 016" 3.4x107°rd

or 35ns in At
- short time constant :

ADSHORT = ls =12ns
ASHORT
These two errors cause a horizontal picture dis-
placement. On a large screen of 54cm wide, this
will be : 64 - 12 = 52us, which for both modes
corresponds to a shift of :

_ AL onNG—ADPSHORT
B 52

It is obvious that such displacement can be fully
neglected.

ALNE x 520=0.24 mm

Response to a Frequency Step
- The input phase is : Qin(t) = Awt
which as a function of (p) is : PIN(p) = A—‘;
p
- The accuracy is :

, . A® Aw
lim (PN — D =lim———="0c
p_>0( N = @oum) psoP + ABf(0) ~ ABR

where R = 500kQ at f(0)
In this case, the phase error depends on both, the

magnitude of the frequency step and the static gain
ABR.

In general, %; which is the open-loop static gain, is

taken into consideration.
Figure 30 : On Screen Display of Time Constants

Aw 2nAf
A(D_ABH—Atx27c

Af oo 28 o ,
:At_ABRxTH (B’ in kHz/V)

=A-2n-B"-R

» In normal mode : ALong = 0.16 mA/rd
%{ =5.5kHz/us R = 500kQ
* In VCR mode : AsHort = 0.47 mA/rd
Af
= At 16.5kHz/us
Note : The capture range is specified within
+ 500 Hz with respect to 15625 Hz.

Numerical Example

Let's suppose that in VCR mode there is a fre-
quency variation of = 100Hz, this will yield a phase
variation of 0.1/16.5, i.e. £ 6ns which, on a 54 cm
wide screen, will produce a horizontal shift of
ALNE =+ 0.06 mm ! .

Itis obvious that an excellent image stability is thus
obtained. '

V.3.6.2 - Dynamic study

The loop response in transient mode is quite im-
portant. It determines the overall system stability
and the phase recovery time, which are imposed
by the external filter "f(p)".

The close-loop transfer function is equivalent to a
second order system. These time constants are in
practice displayed on screen by a bar delivered by
a special pattern generator representing the phase
errors.

The following optimized results were obtained from
filter f(p) connected to pin 22.

Filter component values are :

R1=4.7kQ, C1 = 2.2uF, C = 10nF

!‘ +4us —4 ps shift 7{ { +4us -4us ]
—~ >
=== 4
N <:W n
Normal mode VCR mode
Long time constant Shorttime constant  91AN2028/29-29

Where :
N : number of lines required for phase correction

n : number of lines required for the horizontal oscillator to fully stabilize

20/55
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APPLICATION NOTE

a. Long time constant
» AtAtof 4us = N=18lines, i.e. TLoNG = 1.15ms.
System oscillations are perfectly damped.
Image stability with a noisy video signal is very
satisfactory.
b. Short time constant
* AtAt=4ps = N=>5lines, i.e. TsHORT = 0.32ms
* n=>5lines
One should notice fast phase recovery, naturally

Figure 31

followed by bounced oscillations due to the char-
acteristics of a second order device.

As given in application diagram section 6, an other
alternative would be to use the following compo-
nent values :R1 = 3.9kQ, C1 = 4.7uF, C = 15nF

V.3.7 - Phase comparator inhibition

The phase comparator is disabled under two con-
ditions :
- During frame sync pulse (see figure 30)

Video

Inverted Pulses for Frame Sync.
—

Ay

Current

[VCR Mode}

comeeste_J|__ LAYV LAAL 0 A, 0
FrameSync. (FS) 7
/4
Frame o.
(F‘Rl) S
Frame Blanking | | P
S Inhibition,
( I mods) //
norma :o eﬂ.mi {l//////////r////r/:lnm:n:onm/f/_/a/ge/nc/e/o/téé%/m/m/m“on" ,__"J ﬂ177/U“/
Comparator k 1 ! T ) "L_}' ‘Lj‘ 1] lf" R

*
Inhibition Signal 177777777777777777777777777777777777‘ p
(FRI+FS) 4

91AN2028/29-30

Inverting the line sync pulse contained within the
video signal will provide the frame sync pulses
required for the synchronization of vertical scan-
ning.

Since the current supply to comparator ¢1 is con-
trolled by the line sync pulse, the comparator must
be inhibited at the time of line sync inversions so
as to avoid occurence of phase errors at the begin-
ning of each frame.

This inhibition is activated during FRI (Frame Re-
trace Inhibition) issued by frame logic circuitry. If ¢1

KYI, %f@%ééﬂzmmm@s

is locked before the vertical scanning synchroniza-
tion occurs, (e.g. when switching between chan-
nels), and since FRI phase is not yet correctly
positioned, the @1 must be further inhibited by FS
signal which is the extracted frame sync pulse.

- During line scanning (see figures 31 and 32)

This inhibition will eliminate the occurrence of all
possible phase errors due to a noisy sync signal or
parasitics during the line scanning phase. It yields
excellent display stability at noisy video signals.

OMSON 21/55
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Figure 32

Video
on Pin 27 ‘( (D> /
h

’ 03 ps! .
Line Sync. 23] 235]

5

Line Inhibition
—r~BLK

94 Signal kS ps
Line Inciion 7777y S84 | 65ps
ne Inhibition - ! -
- Inhibition /A H l; Inhibilion;
91AN2028/29-31
Figure 33 : ¢1 Inhibition logic block diagram
Video Recognition o
. Mute LS (p,'l_
S00BATY 100pA

(Short)

(Long) E
| ~

Phase Comparator (¢,)

91AN2028/29-32

- ¢1 Inhibition in long time constant mode

(VCR =0)

* SINH(LONG) =
and

* SINH(SHORT) = 1
Inhibition is activated durlng, frame sync, FRI
and each time line trace interval - except at
frame beginning between lines 8 and 21.

- ¢1 Inhibition in short time constant mode

(VCR =1)

* SiNH(sHORT) = Mute . (FRI + FS) = SinH(LONG)
In VCR mode, inhibition is disabled during line
trace since phase or frequency variations are
not taken into account instantenously.

Mute . (FRI + FS + BLK . LINEnH)

V.4 - Line saw-tooth generator

Before going through a detailed study of the second
phase locked loop "¢2", let’'s have an overview of
the line saw-tooth generator which has been mainly
implemented for ¢2 phase variations and also the
phase modulation of the switching power supply.
It uses the combination of an external capacitor
connected to pin 13 and an internally implemented
constant current generator to generate a saw-tooth
voltage at line frequency.

Its frequency is determined by the reset frequency
of the capacitor "C+3". This reset signal is issued by

22/55
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Figure 34
N v
Veo — L
64 s
3.5 Vpp 7
IR
3 -
qszand SMPS 0~ -t
! 1
1
] 1
Reseth! 1 ]
1 1
Resst T t
Constant Cia E's_l.ll;
1.26V 32k laanp tABeET
91AN2028/29-33

the line logic circuitry at a period multiple of VCO
period (x32).
1.26

s lc=K-lg=K- T—200 LA
v _ lo(TH = treset)
* Vigpp = c
13
K x 1.26(TH — treset)
=————"-=3.48V
R14-Cis
* VeEsATT1 = 20 mV = Vizmax) = 3.5V

* In sync mode :
* TH = 64ps, tReSET = 6.5us
*K=0527+2%
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V.5 - Second phase locked loop "¢2"

This stage controls the horizontal deflection of the
electron beam i.e., the horizontal picture scanning.
The frequency of operation, in the absence of video
signal, is a multiple of the VCO frequency, i.e.
15625Hz - 500Hz.

When video signal is present, the scanning fre-
quency is synchronized with the video signal
through the first phase locked-loop "¢1".

The output rectangular waveform signal drives the
line switching transistor. This transistor, when
turned-off, generates what is commonly called the
"line flyback".

In order to obtain a horizontally centered picture,
the line flyback (LF) must coincide with the blanking
time on tube cathodes.

The turn-off delay is due to transistor base storage
time. This time varies in different TV sets as the
transistors employed may have different operating
characteristics which are functions of temperature
variations, power rating and base drive.
Therefore, it follows that in order to obtain stable
image centering, the line flyback must be phase-

Figure 36 : Second Phase Locked Loop " ¢2" Block Diagram

locked with respect to the video signal.
The second phase-locked loop also offers the pos-
sibility of horizontal phase-shift adjustment.

Figure 35
Blanking Time
Video Center of
Signal Screen
on Cathodes/) h | d :
1 | [ i
Line [N ! i :
Yoke o i N !
Gurrent o SN ! ! :
! Line Transistor
! { Collector Current ¢
[ 1 !
1 I 1 H
Line HATAY !
Flyback (:) 12ps Th=64ps
e 1
23 Saturation
I e
50 4=
= e 1
25§ == Tum-off Delay
30
91AN2028/29-34

1 % + !
Video Horizontal Phase
(pin 27) 16 7 Adjustment 1
! -~ p— t'out
i Constantl™ ~ 37 Fhiass Gomparator] Phase 1 !
~H=<Delzy | B F(p) IModulator yourf 1
ey L A L o | e
Signal { E > mA/us x1) 2
N =
i i Inhibition
' tout
[] ———
F,‘;g;c—ik L LWFPuse [ o
Shaping

x1

Stage

V.5.1 - Duty of different building blocks
V.5.1.1 - "$2" Phase comparator
This block generates a current proportional to the
phase difference between the phase reference "$2"
and the middle of the line flyback to be phase-
locked.
V.5.1.2 - Low-pass filter

» Rejects the parasitic component "sum of

phases"

&7

SGS-THOMSON
MICROELECTRONIGS

S+AN2028/29-35—
» Smoothens the "phase difference" component
* Allow "phase adjustment" by generating an
error within the loop
V.5.1.3 - Phase modulator

Uses the line saw-tooth voltage to convert the
voltage delivered by the low-pass filter into a phase
corresponding to the line transistor turn-off control
signal.

23/55
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V.5.1.4 - Flip-flop
Generates the turn-off control signal for a constant
time (fixed by the external capacitor), the phase of
which is set by the modulator.
V.5.1.5 - Output stage
« Delivers the control signal for line transistor
driver
+ Disables the output during start-up and protec-
tion phases

V.5.1.6 - Line deflection stage
- Generates the saw-tooth current for line yoke
 Generates the high voltage required by picture
tube and other supply voltages
The line flyback information is provided by the EHT
transformer

V.5.2 - Operation of building blocks

To provide an easier understanding of the subject,
the "$2" loop study will be covered as a function of
various time intervals and not as a function of
phase.

V.5.2.1 - Phase comparator "$2"
The operation is identical to that of "¢1" loop.

Figure 37

Filter F(p)

Constant Voltage

Line

Flyback
—— J"I_ (LF)

91AN2028/29-36

The Vg2 signal issued by logic block is phased with
respect to the middle of line sync pulse on pin 27
and delayed by a 2.6 ps interval so as to be at the
middle of blanking time on video cathodes.

The output current component "2fy" is rejected by
the low-pass filter.

- The average currentis i = 2!.?—;

Where : At =tiN - tout
- The conversnon gain is therefore :

Lyz SES;THOMSON

At: | =550 pAand TH= 64 us

"A" will remain constant since "I" is a multiple of
"IrRer" current on pin 14.

Figure 38
Video on
\& f pin 27
Voy > 03ps
Vo, —t— _26us
i
+l1 v
0 ' e = >
-1 H
T | )
1
[
| ——y—
LF et ”)I #—4
At
(=
N : tout
H | Video on
' Cathodes
|————I\

91AN2028/29-37

V.5.2.2 - Low-pass filter f(p)

The horizontal phase-shift adjustment is taken into
account :

Figure 39

+
VCC
Horizontal p I
Phase
Adjust

91AN2028/29-38
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- Filter V = (i) transfer characteristic is given as :
V=Zi+%~ K-Vec-Z-Iin
Where :
1
Z= RIN//R//C ~p

* Rin, Iin : modulator input characteristics

In Dynamic Mode
) \ R’

-V=Zisip=7=2p)=7 g

Where :

* R'=Rin/ R (R>>Potentiometer P)

« 1=R’. C: Filter time constant
The network behaves as a first order low-pass filter
whose cut-off frequency at -3 dB is :

fauB= 1
2nR’C
Filter component values
- R=470kQ and C = 22nF
« In practice, (Ke [0,1]) Vcc =12V
- Rin=25MQ , Iin = 0.65pA (base input current)
F_adb = 15.7 Hz with adjustment and 0.3Hz without
adjustment

V.5.2.3 - Phase modulator

This is built around a comparator which converts
the filter voltage to a rectangular waveform such
that its rising edge phase, variable as a function of
filter voltage "V", will trigger the line transistor turn-
off control circuitry.

The conversion gain is determined by the slope of
the line saw-tooth applied to comparator.

Figure 40

91AN2028/29-39

Gy SGS:THOMSON

Figure 41
Visp
.5 Vi
[V e R
0-+—
t1 1 t2=f(v)
Voot | L
Th
Vo2
tiNGg2)
un;ignlgru‘ =0
{pin 10)
.T10 = constant
welF I L s
Flyback
|
tour tour
91AN2028/29-40

- Transfer characteristic is given by :

Atout  Atys

AV - m =B=16.4ps/V

therefore t2 = B.V
Let's consider the delay interval between "tout"
and the reference time "tiN"
where tour is the middle of line flyback :

stouT-tiN=to+td+1t1-tH

Where :

11 =4.3us
(Reset for V13 and Vg2 are signals coming from line
logic block and are synchronized on line sync.)

*td=210 15us .
(Delay between leading edge of output signal - pin
10 - and the middle of line flyback)

* tH = 64us

 tout-tin=B.V + 14 - 59.7us
V.5.2.4 - Line flip-flop (TEA2028 only for TEA2029
refer to Section VII.6)
It generates a constant duration rectangular signal
used to turn-off the line transistor. It is triggered by
the rising-edge of the phase comparator output
voltage and reset after capacitor on pin 1 is
charged.

25/55
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a. Block diagram

"V'out" will set the flip-flop thereby allowing the
capacitor "C1" to be charged by current "Ic" deliv-
ered through current generator. The voltage across
capacitor begins rising until it reaches "Vrer". At
this time, comparator "C" is triggered, the output of
which will in turn reset the flip-flop. The capacitor
"C" is consequently discharged by current Ip - Ic.

Figure 42
AutogSet (1) tour
. Signal Y
161 As :
Wmdow s J%l_
QpF————» to
v OUT—U- V10 Output
Q Stage
t’ouT

91AN2028/29-41

b. T10 Calculation
C1-AV1 _ C1- VRer
Tio= =
Ic lc
"Ic" is a fraction of "Irer" on pin 14

=T10=0-R14-C1
* R14 = 3.32kQ
*+C1=3.3nF
- T10 is independent from temperature and
Vce
- o has a maximum dispersion of + 3% from
device to device

=2.64 x R14x C1
=T10 =29us

26/55

220

£7I msﬂ[zmgmmm

Figure 43

//L
16 pus h
Set | |
Window ]

Auto-set -'—j 4 o
vour——JL—
(1.26V)

Vref
0 t

Vioe] _i_"iL_.
|
|

\%!

Maximum
Phase
Variation

16 us 91AN2028/29-42

c. 16us Window

This window is generated by the line logic circuitry
and sets the maximum phase variations of the
output signal "V1o".

Also, for protection purposes, should "V1¢" voltage
equal "0", the output signal will be always present
and have a maximum phase shift. of 16us with
respect to the falling-edge of the line saw-tooth.

d. Auto-set to "1"

To provide protection, this function will trigger the
flip-flop if the modulator is disabled, i.e
V16 > V13(MAX).

e. Maximum "T1¢" value as a function of "C1"
T1oMmiNy : 16us(window) + 4us(auto set) = 20us
= Cimivy=2.3 nF
C1.VRer | C1. VRer
+
la—lc Ic

= T1omax) = 40us =Cqmax) = 4.6 nF
For normal operation, C1 value has to be chosen
between 2.3nF and 4.6nF.
If pin 1 is grounded, output signal (pin 10) is inhib-
ited and goes high.

T1oMAX : for <64us

MSON
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V.5.2.5 - Line output stage & inhibitions
Figure 44

Line Flyback

Logic 1 1 Power

for Security Ground
atpin 28

91AN2028/29-43

» Open-collector output : Vigsan < 1.5V at
l1oMax) = 20mA
The line output (pin 10) will go high if either the
following three inhibitions is activated :

a. Inhibition at start-up

This is generated by a hysteresis comparator which
is driven by "KVcc" and the "1.26V" reference
voltage.

This inhibition is mandatory since the device will
operate only at Vcc =5 V.

Figure 45
8
£t A
29 1 3
Z75 VHysT=0.5V &
w 9 y >
A o
3 0 - — &
5.5. 6 Z
SUPPLY VOLTAGE (V) >

back pulse. During this interval, in order to avoid
transistor destruction, the pin 10 output must ab-
solutely remain high.

This is done internally with the line flyback pulse
(pin 12), which forces pin 10 output to high level
during the line flyback time.

c. Safety inhibition

The device has a security input terminal "pin 28".
If a signal lower than VRer (1.26V) is applied to this
pin, line and power supply outputs are all inhibited.
This function is particularly useful for TV chassis
protection. Refer to section V.7.5 for further details.

V.5.2.6 - Line deflection stage

This chapter will cover a general description of the
"horizontal deflection stage" employed almost
commonly in all recent TV sets.

Deflection of electron beam is proportional to the
intensity of magnetic field induced by the line yoke.
This yoke is equivalent to an inductor. The deflec-
tion is therefore proportional to the current through
inductor.

In order to obtain a linear deflection from left to right
as a function of time, a saw-tooth current must be
generated within the yoke. The approach is to
apply a switched DC voltage to the line yoke.

- When Kiis closed :

. E _t
|L(t)=r_y(1 -e L)

- rL is always higher than half of trace time :
y

trace TH—tF 64-12
2 ~" 2 -~ 2 ~%s

Figure 46

b. Inhibition during line flyback

The output signal pin 10 is high during line transis-
tor turn-off. The leading edge of output signal pin
10 turns off the line transistor after a delay interval
(storage time).

The line transistor turn-off generates an overvolt-
age on the collector corresponding to the line fly-

. Deflection Yoke Resistance
Ly 1y

Deflection Yoke Inductance

K i c
— % ; 91AN2028/29-45
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- "i" variations as a function of time :

o _E ﬂg[

e’L fort<<L
dt L L Iy

The current will therefore be linear as a function
of time iw(t) =% -t from "t1" to "t2" which is the

second portion of the line trace interval.
_E tirace

- Current at the end of trace : In = L 5

- Energy stored within inductor : W =% Ly

If the switch is opened at t = to, the "L.C" combi-
nation will enter into oscillation, the energy stored
within inductor is transfered to the capacitor,
which will return it to the inductor and so on.
The circuit period is classically given by :
T=2r-LC
If "K" is closed at time "t3", the inductor will once
again have a voltage "E" across its terminals. The
current falls linearly until "t4". This phase corre-
sponds to the first half of line trace interval.
The overvoltage across C is :
t!race
Vp=E ~NiC T E
during tLe = TLC
tTRACE - T
2Mr +E
In practice, E is higher than 100V.
- ttRACE = 52us
-tr=12us

Thatis:Vp=E

= Vp =780V

Note that this overvoltage is almost 8 times higher
than the source voltage "E". This overvoltage is
applied to the primary winding of a "step-up trans-
former" (EHT Transformer) in order to generate the
high voltage required by picture tube anode.

28/55 .
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In practice, the power switch "K" is built by a
combination of "High Voltage Switching Transistor"
and "Fast Recovery Diode".

Figure 47

If K remains

L End of
Trace / open
\ Y
0 by :’ \ tﬁ/ -
[ ) / /'

Begining of
Trace

VL A e

Y

91AN2028/29-46
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Figure 48 : Simplified diagram of the horizontal deflection stage

E TRANSFORMER _f\_

(Regulated by SMPS)

Coupling
Capacitor

LINE FLYBACK
INPUT

il

v EHT(anode)
E [15 to 25kV]

Miscellaneous Power Supplies
S

Line Flyback
(pin 12, TEA2028)

91AN2028/29-47

If considered in average value, it is seen that the
voltage across capacitor "CS" is almost equal to the
source voltage "E". The saw-tooth current through
this capacitor will produce a parabolic ripple around
"E", which will thus modify the equivalent source of
the line yoke and induce a modified current of "S"
shape within the yoke. This "S" current is used to
produce a linear picture as a function of the picture
tube geometry.

The basic arrangement can be reconstructed by
assuming that the equivalent inductor "L" is the
transformer "Lp" and line yoke inductors put in
parallel (since VC s(av) = E).

The output pin 10 of TEA2028 is applied to a
matching stage called "line driver" the output of
which drives the power transistor "T;". The match-
ing stage is necessary for optimized base drive.

Also, it is clear that the line scanning phase with
respect to video signal is determined by the rising-
edge of pin 10 output signal.

High level duration (T10) of pin 10 output signal
Figure 49

S Correction

12us
At middle of trace, the transistor enters into satura- Vio T bl BT
tionand its current rises linearly. V10 will then issue 0} 29us -t
a control signal to turn the transistor off. The tran- !
sistor will be in fact turned-off after a delay interval I ts
"ts" (storage time) varying from 2 to 8 us depending o clay
on application. The system will then enter into ' !
oscillation during its half-period thereby generating 0 ! i g
the line flyback. At the end of flyback time, the line ] ! §
yoke current is negative while the voltage across IDT ! g
capacitor "C" has fallen to zero. The energy transfer ".mﬂL[\h\ z
automatically takes place by the recovery diode 04 | -t &
during the first portion of trace time.

29/55
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must be higher than the delay interval "tsmax)" +

the flyback time (i.e. 8 + 12 = 20us) and must

turn-off before the end of diode conduction :

tTRACE
2

T10 < tsminy + tLF + = < 40us

In practice, one will select the pin 1 capacitor
C1=23.3nF to yield T10 = 29ps.

V.5.3 - Characteristics of loop "¢2"

The function to calculate is a time with respect to
the origin time set by "V2". In fact, it is an easy task
to inter-relate the horizontal displacement (in mm)
to a time interval specified in us.

For a large screen width of 540 mm, the horizontal
scanning time :64 - 12 = 52us, which corresponds
to : = 10mm/us.

Figure 50
N
\ ) N > toUT
to
! M/Z('ﬂe
| Scanning Flyback
- f? nning Flyt
91AN2028/29-49
ci=A. (N - tour) (1)
'V=Z~i+%-K~Vcc—Z~I[N 2
*touT—tin=B-V+14—-59.7us (3)
R’ .
. Z =
1+1p
*R'=Rn/R
* A=17pA/lus
-1=RC
*« B=16.4us/V

The open-loop dynamic gain is :
ABR’

» T=ABf(p)=ABZ= T+ (4)
The system exhibits the characteristics inherent to
a first order circuit and is therefore stable.
combining equations (1), (2), (3) and (4), the tour
delay is found as follows :

z
B=< - KV
oo BZIN 0-59.7us TRTTTCC
OUT =N T 7 14T T+T
1 1 t t
Dynamic  Error Error term Error term
gain  term due due to due to phase
=1 to the delay shift
input adjustment

current (if applicable)

"I
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It is therefore clear that the second phase-locked
loop does not cause any dynamic delay.
This can be explained by the fact that the phase
modulator responds instanenously to all variations
of "¢2".
V.5.3.1 - Study of the Static Error
tin = 0 (phase of Vy2) is taken as timing reference.
The equivalent impedance of F(p) filter is :
* R'=460kQ (R // Rin) : if an adjustment is applied
to pin 16, or
« Modulator input resistance RIN = 25MQ : with-
out adjustment

a. Phase shift error in case of no adjustment
Equation (5) becomes :

BRiNIIN | 1D —59.7us
Tour =377, 1+T4
with : T1 = ABRIN
Where :
* Rin=25MQ tout =- 46ns
* lin=0.65mA which
* td=10us corresponds to a

« T1=6.8x10°=76dB | picture shift of

0.46 mm !
The error is quite negligible and thanks to rather
high open-loop gain, the display accuracy with
respect to the phase setby "¢2", is very satisfactory.
b. Study of shift adjustment
With R, P network connected to pin 16, the tout
becomes :

R
BRIy to-59.7us SR KVeo

tout = 1+T2 1+To 1+T2

With : T2 = ABR’ (where R’ = R // Rin)

and K € [0;1]

Substituting the following values into above equa-
tion :

* R =470kQ

* R' = 470kQ // 25MQ = 461kQ

« A=17x10% A/us

* B=16us/V

* td =10us

e Ta=125

*Vec =12V
tout = - 38ns - 390ns + 1.5psxK

therefore tout = 1.5xK - 0.43 (inpus)

If K varies between 0 and 1

= tout [- 0.43ms to 1.07us]

which corresponds to a picture displacement of :
AuNE [- 4mm to + 11mm].
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Shiftvariations as a function of Vcc
(with adjustment)

R’ R’
dlout_BR.K~BR.K__£
dVec 1+T2 T2 AR

A _ o 3ammv

=Kx0.12us/V § dVce
at KnominaL = 0.28

Therefore, a constant Vcc must be applied to the
potentiometer.

V.6 - Vertical deflection driver stage

This stage must constantly drive the vertical spot
deflection. Such deflection will horizontally scan the
screen from top to bottom thus generating the
displayed image. Similar to horizontal deflection,
the vertical deflection is obtained by magnetic field

variations of a coil mounted on the picture tube.

A saw-tooth current at frame frequency will go
through this coil commonly called "frame yoke".
Frame period is the time required for the entire
screen to be scanned vertically.

C.C.I.R.andN.T.S.C. TV standards require respec-
tively 50Hz and 60Hz Frame Scanning Frequen-
cies. Also, a full screen display is obtained by two
successive vertical scannings such that the second
scanning is delayed by a half line period with
respect to the first.

This method increases the number of images per
second (50 half images/s or 50 frames/s in 50 Hz
standard). This scanning mode called "Interlaced
Scanning" eliminates the fliker which would have
been otherwise produced by scanning 25 entire
images per second.

Figure 51 : Block Diagram of the Vertical Deflection Stage

H2 50/60Hz
Reference Clock-yw] FRAME

Frame |n. & >1
e |-1e P =HS

l g
I
Separator| Free :
Reset -
Reset}
Juuvvuul 1
-

Sync

Saw-tooth |

Genaralar
Composite ZZ ] Cenerdt

50/60Hz Top of
OUTPUT r Picture

t

L Bottom of
Picture

Frame
Saw-tooth
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The circuit will generate a saw-tooth voltage which
is linear as a function of time and called “frame
saw-tooth". A power amplifier will deliver to the
"frame yoke" a current proportional to this saw-
tooth voltage. It is thus clear that this saw-tooth
voltage reflects the function of the vertical spot
deflection; which must itself be synchronized with
the video signal. Synchronization signals are ob-
tained from an extraction stage which will extract
the useful signal during line pulse inversion of the
composite sync signal.

Synchronization occurs at the end of scanning, in
other words, when the saw-tooth voltage at pin 5 is
reset. This function is accomplished by the "frame
logic circuitry” of full digital implementation.

This processing method offers various advan-
tages :

- Accurate free-running scanning frequency

Lyz SESHomsON

eliminates the frequency adjustment required by
previous devices.

- Digital synchronization locked onto half line
frequency thereby yielding perfect interlaced dis-
play and excellent stability with noisy video signal.

- Automatic 50/60 Hz standard recognition and
switching the corresponding display amplitude.

- Optimized synchronization in VCR mode.
\

- Generation of various accurate time intervals,
such as narrow "sync windows" thus reducing
considerably the vertical image instability in case
of forinstance, mains interference, superimposed
on frame sync pulse.

- Generation of vertical blanking signal for spot
flyback and to protect the picture tube in case
of scanning failure.

31/55
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V.6.1 - Frame sync extraction

The main duty of this stage is to extract the frame sync pulses contained in composite sync signal.

Figure 52 : Sync extractor block diagram

5.6V

——

B

Frame
+ - Sync

Composite

4

Syne —_— C-I. ® I =2uA
A c
@ o+l Ve ‘;I\;XK; [ o Ig+lp = 9pA
® C=35pF
Z

91AN2028/29-51

Two current generators are used to charge and
discharge the integrated capacitor "C". The dis-
charge generator (Ic + Ip) is driven by the compos-
ite sync signal.
Ip - tsyne

o]
During frame trace, the capacitor is discharged at
each line sync pulse thereby generating a AV of
-0.94V with respect to 5.6V and then recovers the
charge by current "Ic". The comparator output re-
mains low.

The AVc across capacitor is : —

V.6.2 - Frame saw-tooth generator
Figure 53

The discharge time is 27ps at the first line sync
inversion applied to comparator input. The voltage
"V¢" then falls from 5.6V to 0.2V and triggers the
comparator "Co" which will deliver a frame sync
pulse when "V¢" crosses the 2.8V level.

The overall arrangement behaves as an integrator
and will therefore suppress any noise susceptible
to be present on input signal.

An external capacitor pin 20 can be added to the
integrated capacitor C to increase the frame sync
time constant.

Rs
(2.7Mg) Cs g R3
(470nF) (2.2ka)

$——= Frame Saw-tooth
Qutput

91AN2028/29-52

The frame saw-tooth is generated by an external
RC network on pin 5.

The time constant "R5 x C5" is much higher than
the frame period. Therefore, the generated saw-

32/55
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tooth is quite linear.
The network is discharged by an internal transistor,
controlled by the frame logic block.

MICROELECTRONICS
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Figure 54

\£]

4.4V 4

1.26V 1
(VRer)

20ms (50Hz)
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V.6.2.1 - 60Hz STANDARD SWITCHING

The NTSC standard requires a vertical picture
scanning frequency of 60Hz, i.e. a saw-tooth period
of 16.66ms.

In order to obtain an identical deflection amplitude
whatever the standard (50 or 60Hz), the saw-tooth
amplitude for both periods must be the same.

60Hz standard recognition is performed automati-
cally by the frame logic block, which will issue a
signal to drive a current generator "Algo". This

half line period (32us). The required periods and
time intervals are obtained by counting the clock
pulses.

For the sake of clarity, timing signals so obtained
are labeled by the line number corresponding to
video signal.

The time corresponding to "x" scanned lines with
respect to the beginning of frame saw-tooth
(RESET) is therefore :

tx = 64us (x - 1) + 32us

current will be summed with the external charge Figure 55
current and will increase the saw-tooth slope, so as
to yield same saw-tooth amplitude to that set in swell_ U Urr
50Hz standard. This current is centered around
14pA and is a fraction of Irer applied to pin 14. ! Le25 f L1 f L2
Employing the recommended component values
for network connected to pin 5, this current will RESET 1
result in identical amplitude in both standards. (Counter) azps 1
1
_leoxTeo _ Isox Tso _ 60 _ T ¢
AV5———Cs =" s :Iso—|50x50—1.2><|50 P I | ? I‘] I l‘]
L1 L2
E _ 200V !
Isp=—=7——"—=74pA = lgo = 88pA
Rs 2.7MQ Erame /\—/ <
therefore Algo = 14pA Sa\(:;l;i;ogth I} ]
V.6.3 - Functions of frame logic block i '-'X S
1 =z
This section is fully implemented by I2L logic gates. X ! g
It is clocked by an accurate "H/2" clock running at '
33/55
L7 363:THOMSON
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Figure 56 : Block Diagram

BINARY DIVIDERS
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or CONTROL
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DISCHARGE

FLIP-FLOP Saw-tooth Generator
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V.6.3.1 - 50/60 Hz Standard recognition

This function is performed by two shift registers
which are loaded by sync pulses (if present) and if
these pulses fall within the time interval specific to
each standard. These intervals are called "Register
Windows" and labeled "WRr(50)" and WR(60).

Figure 57

La47 Lem7 L309 Lats
{
WR(SOH:} ! ""'n(wnz
15.773ms 17.696ms  19.744ms | 20.128ms
H
1]
60Hz 50Hz
syne 16.66ms S aoms

91AN2028/29-56

a. 50 Hz Standard Recognition

This identification is considered valid if two sucess-
ive sync pulses applied to 50 Hz shift register fall
within the 50Hz window "WR(50)". At the time of
synchronization capture, the first pulse will reset
the counters. The second pulse, if present, will
then trigger the 50Hz identification 20ms later
[Ib(50) = 1].

34/55
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The identification is not valid if two sucessive 50Hz
pulses are not detected. Identification signal is also
used to reduce the vertical synchronization window
in 50Hz standard thereby offering excellent noise
immunity against noise susceptible to be present
in sync signal and hence good display stablhty

b. - 60 Hz Standard Recognition

This identification is validated after three sucessive
sync pulses at 16.6us period have been detected.
Three pulses are necessary to ascertain the iden-
tification prior to switching the saw-tooth amplitude.
The identification signal [Ip(60) = 1] is also used to
reduce the synchronization window and, in case of
one or two missing pulses close to 60Hz, to set the
free-running frequency.

V.6.3.2. - Vlertical synchronization window - Free-
running period

In the absence of sync pulse various free-running
periods are specified. Since vertical scanning must
be always active, these free-running periods must
be higher than those of 50 and 60Hz standards so
as to ensure synchronization.

An other window, allowing synchronization only at
the end of scanning, is also necessary. Upon syn-

ON
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chronization, this window will allow vertical flyback
only at the bottom of screen. This window should
be narrow for good noise immunity but also wide
enough to yield, upon synchronization, a capture
time unperceptible on screen.

In our case, as long as no standard identification
takes place the window will remain wide, and once
one of the standards has been identified, the win-
dow will be considerably reduced.

In VCR mode, this window will be always wide since

frame frequencies delivered in high-speed search,
slow review and picture pause modes are very
much variable and must be taken into consider-

.ation.

Inthe absence of transmission (Mute = 0), synchro-
nization is disabled (so as to avoid incorrect syn-
chronization due to noise) and the free-running
frequency is around 50Hz. This will eliminate the
occurrence of picture overlay at the end of trace at
a lower free-running frequency.

Figure 58 : Definition of Synchronization Windows and Free-running Periods

Laa7 L277 L3og Lats L.sty
Register's * Y
Window 75572 20|
i
NoTi Waz0 i !
(Mute =0) Free-running Period E
Reset
Mute=1
1Dsp=0,1Dg0 =0 WM / L
or
VCR Mode Reset
Mute=1
1Dso = 1 WR(50)
50Hz Standard Reset
Mute=1
1060 = 1 Wew) 7277777
60Hz Reset |
91AN2028/29-57
Maximum capture time Figure 59
The worst case capture time occurs when the first
sync pulse just precedes the sync window. Wide
Let’s find the number of periods necessary for the Frame T w'"dow
capture to occur, i.e. tn = 0. saw""%/@/@//:&w
TL-Tw !
n=————,TL=23ms, Tw=7.3ms i i
TL-Tsyne sync [ 1, 1
« 50Hz : the number of periods is 6 Pulses . who
N =
= TCAPTURE(MAX) = 120ms 6'&“‘ (capture)
* 60Hz : the number of periods is 3
= TCAPTURE(MAX) = 50ms 91AN2028/29-58
-35/55
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V.6.3.3 - Frame blanking signal of frame saw-tooth flyback. The duration of this
This signal is necessay to blank the display during ~ signal is 1.344 ms (or 21 lines).
each frame flyback. It is triggered at the beginning

Figure 60

rrsterame L LLLLINMA Ui A A

|

|
i Z

Second Frame |] | I " || || ||| ]| " || || ||’ f

:

7+

Frame Blanking 1.348ms L

in 4, < - L]

(bin %) (21 lines)* 1

T20ps]
* 24 lines for TEA 2029 La3s ! ﬁ\
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This "frame blanking" signal is available through Its duty is to protect the phosphor coating of picture
pin 4 (TEA2028 only) which is an open-collector tube in case of any problem with vertical deflection
output. } function such as scanning failure.

It is also present within the normalized super A signal to monitor correct scanning is provided by
sandcastle signal on pin 11 (TEA2028 and the frame yoke and applied to pin 2.

TEA2029). ) In case of any failure, all frame blanking outputs are
V.6.3.4. - Frame blanking safety (TEA2028 only, for disabled and go high thereby blanking the entire
TEA2029 refer to section VII.5) screen.

Figure 61 : Block diagram

1
1
Frame } 70“‘%3
Yoke 00ka 1k
i 1.26v
1nF

1
: Inputcharacteristics
I

Frame Blanking

/ [ (no salety) Frame Blanking
Output

1 (with safety)

i 1.26v>— n

V2 i

S.Ss.C.

| (pin 11)
Frame
Yoke

During trace phase, the voltage across frame yoke itor in series with yoke. During frame flyback, the
has a parabolical shape due to the coupling capac- current through frame yoke must be rapidly in-

91AN2028/29-60

36/55

L7 SRR

230



APPLICATION NOTE

verted. Conventionally, a two-fold higher supply
voltage is applied across the yoke. This will pro-
duce an overvoltage called "flyback".

The safety monitoring status is detected on the
falling-edge of flyback, i.e. at the beginning of
scanning. A differentiator network is used to trans-
mit only fast voltage variations.

The required pulse is then compared to 1.26 V
level. Frame blanking goes high in the absence of
negative pulse (zero deflection current) or if the
pulse does not fall within the first 21 lines (ex-
agerated over-scanning).

V.7 -Switching power supply driver stage

Switching takes place on the primary side (mains
side) of a transformer by using TEA2164 SMPS

V.7.1 - Power supply block diagram
Figure 62

Controller manufactured by SGS-THOMSON
Microelectrics.

Required voltage values are obtained by rectifying
different voltage outputs delivered through second-
ary windings. The horizontal deflection stage is
powered by one of these outputs delivering around
hundred volts.

This voltage source must be regulated since any
voltage fluctuation will yield variations of the hori-
zontal display amplitude.

The TEA2028 monitors this voltage and transmits
the regulation signal to the primary controller cir-
cuitry via a small pulse transformer. The character-
istics of this regulation signal are directly related to
the conduction period of switching transistor.

Malns
Input

TEA 2164

Line Deflection
Stage % /]_/L Line
_@_ Saw-tooth

TEA 2028

SAFETY

FLIP-FLOP START-UP

CIRCUITRY

E 91AN2028/29-61

ﬁ SGS-THOMSON

37/55

MICROELECTRONICS

231



APPLICATION NOTE

V.7.2 - General operating principles

A fraction of the 135V output voltage to be regu-
lated is compared to the 1.26V reference voltage.
Resulting error signal is amplified and then applied
to phase modulator "Mi", which will deliver a
square waveform at line frequency whose duty
cycle depends on the value of input voltage "Vg".

A second phase modulator "M2" will determine the
conduction period as a function of voltage on

pin 15. This function is mandatory for system start-
up.

A 28us window is used to limit the conduction
period of the primary-connected transistor.

Supply output (pin 7) and line output (pin 10) will
be disabled if any information indicating abnormal
operation is applied to safety input (pin 28). Con-
sequently, all power stages are disabled and the
TV set is thus protected.

V.7.3 - Electrical characteristics of the internal regulation loop

‘Figure 63
T S
A 5 B | :
| Iocg 40pn I our
| T e L
VREF_ - AV v |>”L1 L -3 T - !
(1.26V) 2T T ! ’
* 1 I2 C == 100pF
IR A T

|
|
|
|
|
—_

-

th v"’/‘/l./

Low-pass
Filter
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The phase modulator implemented by a simple
transistor "T1" will compare in current mode, the
image of amplified input (i1) with saw-tooth current
(i2) at line frequency. With "i2" rising, as soon as the
sum of "it + i2 - Ipc" goes positive, the transistor
enters into saturation thus determining the output
conduction period.

A low-pass filter implemented by combination of a
100pF capacitor and the input impedance of tran-
sistor "T1", attenuates all frequency variations
higher than the line frequency.

* Input Amplification :
_din _
A= Vi~ 3.3uA/mv

» Modulator conversion gain :
B =d‘dLi:” = ~0.558s/uA

38/55
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« Overall gain of the internal loop :

diout _ 4 gus/imV x —— (fo = 15kHz)
i il
fo

Figure 64 : Conduction period (pin 7) versus
Input voltage (pin 9)

ton (pin7)
A

28ys 1

10ps 4

<—>(<——>|
9.5mV  5.2mV

91AN2028/29-63
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SMPS WAVEFORMS

For discontinous mode "flyback" configuration
The primary-connected transistor is turned-off dur-
ing the line flyback.

All interference signals due to switching and sus-
ceptible to affect the video signal will not therefore
be visible on screen.

Figure 65
via 7] -/l-/l/
2
tF —AN N Nn_
28ys (max)
ton
vt A 1 _
PRIMARY ___|
PULSES y~
PRIMARY
CURRENT ! g g
SECONDARY
RECTIRER DIODEL—J N~ N
CURRENT,
135V
SECONDARY ‘\ I \
WINDING A A l L
VOLTAGE v U M U M
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Regulation Characteristics b

The following characteristics have been measured
on a large screen and yield excellent results :

+ 135V voltage regulation as a function of mains
voltage : better than 0.5% for mains voltage
variations of 170Vams to 270VRus (P = 60W at
135V)

+ 135 V voltage regulation as a function of load :
better than 0.5% for a delivered power of 35W
to 120W.

This type of power supply offers the following ad-
vantages :

« Overall efficiency enhancement : better than
80%

« Reduction of interferences by synchronization
on horizontal frequency

ﬁ SGS-THOMSON

+ Full protection of the primary-connected transis-
tor in case of short-circuit or open-load on sec-
ondary terminals

* Can provide 1W to 7W, for TV standby mode
operation (refer to TEA2164 application note).

V.7.4 - Power supply soft-start

Whenthe TV setis initially turned on, control pulses
are not yet available and consequently the control-
ler block on primary side will impose a low-power
transfer to the secondary winding. This power is
produced by an intermittent switching mode called
"Burst Mode".

As soon as the Vcc supply to TEA2028 exceeds
6V level, line and SMPS outputs are enabled. Since
the filtering capactitors on secondary side cannot
charge up instantaneously, the voltage to be regu-
lated would not yet be at its nominal value. Without
conduction period limitation upon start-up, the de-
vice will set a maximum cycle of 28us which will
result in a high current flow through the primary
winding and thus through the switching transistor
which will in turn activate the protection function
implemented on primary side.

Consequently, the primary controller block will be
inhibited and the set will not turn-on.

A start-up system has been implemented within
TEA2028 to overcome this problem.

This soft start system, will upon initial start-up, use
the image of the falling voltage on pin 15toincrease
progressively the conduction cycle. The phase
modulator "M2" compares this voltage with line
saw-tooth voltage and delivers the corresponding
limitation cycle.

During supply voltage rising cycle [Vcc (pin 8)
< 6V], the capacitor pin 15 will charge up rapidly
while the voltage across it follows Vcc.

At Vce 2 6V, the capacitor is discharged via an
internal current generator and the voltage across it
decays linearly.

At Vi5 < 3.5V (line saw-tooth peak-to-peak volt-

age), phase comparator "M2" delivers a low con-
duction period which will gradually increase.

The conduction period (pin 7) will rise until the
secondary voltage reaches the value set by poten-
tiometer "P". When this occurs, the loop is acti-
vated.

39/55
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Figure 66

SUPPLY VOLTAGE \ 12y

v N /

k

PIN15 ‘
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SMPS CONTROL \ >L—< Soft-start area |
OUTPUT VOLTAGE T :
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LINE | /
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(pin 10)* LT Awe S&e 77 777777 777,

* Line output (pin 10) and thyristor control output (pin 4) for TEA 2029

t
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The pin 15 discharge current value is 100pA for a

duration of 2us line frequency.
s

Conduction period limitation voltage (pin 15)
Ton(imy = 56ps - 16 x V15 (in pus)
V.7.5 - Protection features

Therefore Ipav) = 100 x 6_24 =3.1pA As soon as a safety signal (V < 1.26 V) is applied
to pin 28, line and supply outputs (pins 10 and 7)
Figure 67 are both disabled. Capacitor "C15" begins charging
up until the voltage across it reaches 4 V (K x Vcc).
AiON Outputs are again enabled and conduction period
28us gradually increases as it occurs upon initial start-
up.
_ The device will be definitively inhibited if the cycle
175 35 of events is repeated 3 times.
PIN 15 VOLTAGE For the device to restart, the internal 3-bit register
v should be reset which requires the Vcc to fall below
91AN2028/29-66 4V.
40/55
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Figure 68
PIN28
voLTAGE A Inverted
V) for
1.26 1 | TEA 2029
0 =t
PIN15 ! 2 3
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v 4 - |
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* Line output (pin 10) and thyristor control output (pin 4) for TEA 2029
91AN2028/29-67

Pin 15 charging current : Ic(av) = - Ipav) = - 3.1uA
V.7.6 - TV Power supply in standby mode

V.7.6.1 - Regulation by primary controller circuit
This mode of regulation called "Burst Mode" is
performed only by the primary controller circuit and
is activated in the case of missing control pulses or
in the absence of power supply to TEA2028.

In this mode, power available through secondary
winding is limited. Refer to TEA2164 Application
Note for further details.

Higher powers can be obtained by using the regu-
lation feature offered by TEA2028. In this case, the
horizontal output (pin 10) must be disabled.

Figure 69

V.7.6.2 - Regulation by TEA2028

In this case, all that is required is to disable the line
scanning function thus reducing the overall power
by 90%.

The device power supply regulation loop remains
active, for minimum conduction period to be 1.5 ms
the power delivered through secondary must be
higher than 3 W.

Line Output Inhibition

Two alternatives are possible :

- Grounding flip-flop pin 1

- Apply a voltage higher than 3 V to pin 12.

Line Inhibition
(Standby Mode)

+Vee

LF Input Inhibltion < V>3V
91AN2028/29-68
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V.8 - Miscellaneous functions * 4.5V level
V.8.1 = Super sandcastle signal generator Used for horizontal blanking, its duration is de-
This signal used in video stage, is available on pin termined by comparing the line flyback signal
11. on pin 12 to an internal voltage of 0.25V.
It has 3 levels at specified time intervals : » 10 Vlevel
* 2.5V level This signal is used by color decoding stage. lts
Used for vertical blanking at each frame flyback. duration of 4ps is determined by line logic cir-
Its duration is 21 lines and is generated by the cuitry. With respect to the video signal on pin 27,
frame logic. this level is positioned such that it is used to
This level will be maintained if vertical scanning sample the burst frequency transmitted just
failure is detected on pin 2. after the sync pulse.
Figure 70
VIDEO SIG;:\
(pin 27)
|
|
i
i 4ps 1
= 1
45V | :
SUPER 2.5V Line Blanking:(12ps) ——j )
SAND CASTLE X/

Frame Blanking (21 lines)

(pin 11)
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V.8.2 - Video and 50/60Hz standard recognition output
A 3-level signal is available at pin 24 for video identification (Mute) and for 50 and 60Hz standards
recognition. ‘

Figure 71
+Vee I +Vee
I Vee ——pfp——
[ Va4
| VCC/2 77
24 0 ——pprd
Without 60Hz 50Hz
: Video Standard | Standard
{
|
Transmit
Identification
91AN2028/29-70
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Vil - TEA2029 : DIFFERENCES WITH TEA2028

VIL.1 - General

The TEA2029 has quite the same functions com-
pared to TEA2028.

The main difference is that the TEA2029 incorpo-

rates a frame phase modulator intended to work

VII.2 - Pin by pin differences

with a switched mode vertical stage using a thyris-
tor.

The TEA2029 can also be used with a linear vertical
power amplifier such as the TDA 8170.

Pin number | TEA2029C TEA2028B
i - » Capacitor for horizontal output duration
1 Differential inputs of the frame error amplifier adjustment

(including frame blanking safety in case of (29us typ. with c1 = 3.3nF)
vertical stage failure).

2 Vertical blanking safety input

. Vertical blanking output

4 Frame output for thyristor control (21 lines duration)

10 Horizontal output Horizontal output
(26ps typ. duration) (duration is adjustable)

1 Supersandcastle output Supersandcastle output
(with a frame blanking duration of 24 lines) (with a frame blanking duration of 21 lines)

12 Negative horizontal flyback input positive horizontal flyback input
(115 Vpp through a 47 kQ resistor) (10Vpp through a 47kQ resistor)

20 Positive AGC key pulse output Capacitor for frame sync. time constant
(low level when no video) adjustment
Safety input Safety input

28 (inhibition of SMPS, Horizontal and Frame (inhibition of SMPS, Horizontal outputs when
outputs when Vag > 1.26V) Vag < 1.26V)

44/55
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VII.3 - TEA2029C Pin connections

Pin number Description
1 Frame error amplifier non-inverting input
2 Frame error amplifier inverting input
3 Frame saw-tooth output
4 Frame output (for thyristor control)
5 Frame ramp generator
6 Power Ground
7 SMPS control output
8 VCC Supply voltage
9 SMPS regulation input
10 Horizontal output
1 Supersandcastle output
12 Horizontal flyback input
13 Horizontal saw-tooth generator
14 Current reference
15 SMPS soft-start and safety time constant
16 @2 phase comparator capacitor (and horizontal phase adjustment)
17 VCO phase shift network
18 VCO output
19 VCO input ‘
20 AGC key pulse output
21 Substrate Ground
22 @1 phase comparator capacitor
23 VCR switching input
24 Video and 50/60Hz identification output (Mute)
25 Video identification capacitor
26 Horizontal sync detection capacitor (50% of peak to peak sync level)
27 Video input
28 Safety input

Package : DIP28

45/55
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VIL.4 - Frame phase modulator

The Tranconductance Amplifier "A1" converis the
differential input voltage into two output currents
"IS"" and "ISS".

- A1 transconductance = \I/il:\l = 10pA/mV

« B transconductance = l\‘j'—: = 40pAN

Atoutr '
AV - 6.4us/mV
The filter time constant is maximum near the oper-
Figure 73

« Transfer characteristic =

ating point when Is1 = Is2
In this case :

» The base current of T1 = "Is2 - Is1"

» The filter band-pass = 15kHz
The maximum conduction period of "40us" is de-
termined by the horizontal logic circuitry.
The frame frame flyback is detected by transis-
tor "T3".
There is no feed-back during frame flyback and
"Is3" is maximum (higher than ls) which will drive
the "T3" into conduction.

TRANSCONDUCTANCE

wunsﬁ
st

82,

Vol A1

T

s

ViN

i

Horizontal
I Saw-tooth

“

64ps

Vol

Safety Frame Logic
Ta ty g

V—-» to
Super Sand Castle

Filter

= )j
211

! N LF.

40us
PhaseLimitation »—— &
(Horizontal Logic) | s
Horlzontal Flyback »—Lc R
=1
Safety & OW/OIf

Switching Voltage

Frame
Output

Atout
91AN2028/29-72

Figure 74 &
[\ [\ Flyback
Vy T y
} % —»—  Frame Output
40us max
Via
35V f-mmmm oo !
I
1
/\/\/ Horlzontal Sav-tooth
! t
o 4L
6us 91AN2028/29-73
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VIL5 - Frame blanking safety

- During trace : Is3 < l4 = T3 is blocked. sandcastle low level remains constant at 2.5V so
- During flyback : Isa > l4 = T3 conducts. as to protect the picture tube in the absence of
In the absence of flyback detection or if the flyback frame scanning.

interval is longer than the blanking time, the

Figure 75 : Frame Blanking Safety Block Diagram

" L Blanking
LK L >1 Output
BLK' >
s o & R Q] sand Castlo
From
Frame
Counters
>R Af— >1 —s
BLK' & 1_
iF RESET
91AN2028/29-74

« "IF" signal is delivered by Frame Error Amplifier (see Frame phase modulator figure)
« IF is high during the Frame Flyback interval

Figure 76

M .

o L_ BLANK'
I
1

T

h

st J [

_ 24 lines L__. Blanking output -—J

Normal Operation Too Long Flyback Pulse (FRI)

91AN2028/29-75
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VIL.6 - On-chip line flip-flop
Figure 77 '

L

16 us Window

-J

for

PMAX LF

(Line Flyback)
& TL

.

[

Safety
(pin 28)

JL

10
>1 x1 ] ouTPUT

91AN2028/29-76

Figure 78

Vi I

VIN ]

Vio

26ys
91AN2028/29-77

AdMAX = 16)1s

VII.7 - AGC key pulse

T10=35%xTvco—-K-R14.C13
=70x10%-4R14.C13

Where Tvco is the Vco period of oscillation on

pin 18.

- If in synchronized mode :

* Tvco = 2us

* R14 = 3.32kQ

+C13 =3.3nF

ThereforeT10 =26us (nominal value)

Figure 79
Burst
VIDEO SIGNAL
(pin 27) 4.7ps
!
12v )
1.3ps 1 2.3us
AGC T —
SIGNAL ov ] ! .
(pin 20) 4 Without
——Video Signal
91AN2028/29-78

As illustrated below, this signal is used in some
TV sets to perform sampling window for Automatic
Gain Control of picture demodulation network.

This system s called "clamped" AGC, and locks the
demodulated line sync amplitude and hence sets

48/55 SG
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the video signal amplitude.

This signal generated by line logic circuitry is cor-
rectly positioned by the first phase locked loop "¢1"
and includes the line sync pulse of the video signal.
This is an open-collector output.

S-THOMSON
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Vil - APPLICATION INFORMATION ON
FRAME SCANNING IN SWITCHED MODE
(TEA2029 ONLY)

VIil.1 - Fundamentals
The secondary winding of EHT transformer pro-

Figure 80 : Block diagram

vides the energy required by frame yoke.

The frame current modulation is achieved by mod-
ulating the horizontal saw-tooth current and subse-
quent integration by a "L.C" network to reject the
horizontal frequency component.

500pH
_ TRANSFORMER 1
------------------ - |
TEA 2029
I
Horizontal '
Saw-tooth (I'El'gms;gr )
0;
FRAME
/l./l/ 120mH| yoke
60Q | (907
VconTROL
— Frame
N Amplitude
Adjust
Feedback
- Bm
11 VRer ¢ 4.7Q)
D g
Iy
L2
] Frame Reference Vs +24V Ct
Sat-oolh l 10004F)]

91AN2028/29-79

VIIl.2 - General description

The basic circuit is the phase comparator "C1"
which compares the horizontal saw-tooth and the
output voltage of Error Amplifier "A".

The comparator output will go "high" when the
horizontal saw-tooth voltage is higher than the "A"
output voltage. Thus, the pin 4 output signal is
switched in synchronization with the horizontal fre-
quency and the duty cycle is modulated at frame
frequency.

A driver stage delivers the current required by the
external power switch.

The external thyristor provides for energy transfer
between transformer and frame yoke.

The thyristor will conduct during the last portion of
horizontal trace phase and for half of the horizontal
retrace.

The inverse parallel-connected diode "D" conducts

73

SGS-THO
MICROELECTRONICS

during the second portion of horizontal retrace and
at the beginning of horizontal trace phase.
Main advantages of this system are :

» Power thyristor soft "turn-on"

Once the thyristor has been triggered, the cur-
rent gradually rises from 0 to IP, where IP will
reach the maximum value at the end of horizon-
tal trace. The slope current is determined by, the
current available through the secondary wind-
ing, the yoke impedance and the "L.C." filter
characteristics.

- Power thyristor soft "turn-off"

* The secondary output current begins decreas-
ing and falls to 0 at the middle of retrace. The
thyristor is thus automatically "turned-off".

« Excellent efficiency of power stage due to
very low "turn-on" and "turn-off" switching
losses.

MSON 49/55
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VIIL.3 - Typical frame modulator and frame output waveforms

Figure 81

Frame Reference
Saw-tooth A

Horizontal —m
Saw-tooth

Thyristor

Gating Signal

Flyback

1
1
1
1
1
]
1
1
ITHYRISTOR—»— I i
o —
IDIODE ——» /\/—

Beginning of Frame Trace End of Frame Trace 91AN2028/29-80
VIil.4 - Frame power stage waveforms
. Figure 84
Figure 82 .
T v I 10ps/dv
5
s /! ™ sms/div "l
L1 | |THYRISTOR .0
° Toi00E. ITHYRISTOR o cumentat Ima end
| L o o 1A/div g canning
o | toooe v - tonouna)
e IRSTEANN ..
Vi Vek Voltage
o HEEREEE) .
28v
EEEEEEEEy
S I
91AN2028/29-81 91AN2028/29-83
Fi 83 Figure 85 : Différent horizontal conducting
Igure times during frame
In
10ps/div I | | 10ps/div
1A/div ImyRISTOR 1Adv
o 0
Ip current at the beginning Toiooe oA
of scanning
(tonguiny) [{ f Vex
10V/div
10V/dr
v Vaox Voltage / I \
o PHASE MODULATOR OUTPUT- AL PERIOD
I A Y | !
e L:‘:,‘:‘;’;' 91AN2028/29-84
91AN2028/29-82
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Figure 86

Figure 87

Sms/div

Ivoke

8 — 0A

Vs

1V/div
—— 24Vpc

91AN2028/29-85

100ps/div
1Wdy  'MYRISTOR

su-«\qu\—\k\-«-\\»«-—’- Ioiope

Ve : 50V/div

28v

91AN2028/29-86

The bias voltage "Vg" is supplied by the secondary
winding of EHT transformer. The parabolic effect is
due to the integration of frame saw-tooth by the
filtering capacitor "C1".
ly-T
8-C1
Where :

* ly : Peak-to-peak yoke current = 380mApp

* T:20ms

» C1=1000pF

AVg= =0.95V

VIIL.5 - Frame flyback

During flyback, due to the loop time constant, the
frame yoke current cannot be locked onto the
reference saw-tooth. Thus the output of amplifier
"A" will remain high and the thyristor is blocked.
The scanning current will begin flowing through
diode "D". As a consequence, the capacitor "C"
starts charging up to the flyback voltage. The thy-
ristor is triggered as soon as the yoke current
reaches the maximum positive value.

EHT transformer winding
(for 90° tube : Yoke = L = 120mH, ry = 60Q)

‘7_, SGS-THOMSON

Figure 88
L
=7
Vir (o}
N L
_ YOKE
~ 7~
/ \
f IpiobE \ -=.-] Vs
\ ITHYRISTOR /’
—— \\ — 7
A 7 7
* Vi =210Vpp
* lyoke = 380mApp
« L=500pH
« C=047yF
* VIF=9.2 lypp) - Ty
* Flyback duration = ims 91AN2028/29-87
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VIII.6 - Feed-back circuit

VIIL.6.1 - Frame power in quasi-bridge configuration

Figure 89
|
FRAME
| voke
v
Frame Reference Frame A_mplilude
Saw-tooth Adjust o URu | Aty
V.
R
Vin Vourt \ ______
—_—- a. Ryly
Reference dc
v Adjust
+ R
P2 &
Vp Vg -=r
12
91AN2028/29-88
This stage measures the frame scanning currentin Example :
differential mode and compares it to the reference «R{ = 22kQ Ry
saw-tooth on pin 3. « Vaias = 5V =R~ 0

The overall configuration is built around two sym-
metrical networks : .
* "R1, Rz, R3" network : determines the dynamic
saw-tooth voltage
* "R’1, R'2, R'3" network : sets the bias voltage and
the d.c. shift control.

a.c.gain:G:R—=—~a~ Rm

where :

* ly : Peak-to-peak Yoke Current

* VN : Peak-to-peak saw-tooth voltage (pin 3)

* o € [0,1] : amplitude adjustment
VIIl.6.1.1°- Choice of "R" value
The saw-tooth generator output is an emitter fol-
lower stage. Pin 3 output current must therefore be
always negative.

VINMIN)

R << VBias — VINMIN)
Where :

* Vgias : Bias voltage for pins 1 and 2
* Vingviny : Saw-tooth voltage low level

52/55
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* VINMIN) = 1.26V
VIIl.6.1.2 - Influence of R3 value
Rs sets the bias voltage for pins 1 and 2. This
voltage should be lower than 5.5V so as to enable
the frame to function upon initial start-up at
Vce = 6V.
If the bias voltage is higher than this 5.5V level, the
d.c. open-loop gain will fall thereby rendering the
system more sensitive to d.c. drift.
Satisfactory results are obtained at Vpias values
falling within 4V to 5V range.

Rs = Ro Vaias
Ve (Vinuvean - G) = Vaias(1 - G)

Where : ViN(MEAN) : saw-tooth mean value (pin 3)
Capacitor "C" connected between pins 1 and 2
determines the system stability. Its value must be
appropriately calculated as a function of "R1, Rz
and Rs" values so as to reject the line frequency
component.

MICRGELECTRONICS
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VIII.6.1.3 - "S" Correction circuit in quasi-bridge configuration

Figure 90
TEA 2029 E |
|
: YOKE
- D1
R2 A R4 D2
— (2.2kQ) :
(2209)| | Rs 1000 0% Ry
Z
Ve
) 91AN2028/29-89

The "S" correction waveform is obtained using the non-linear "Vpiope" versus "Ipiope" characteristics of
"D1" and "D2" diodes.

The signal pre-corrected by "D1", "D2" diodes and the feed-back signal through "R5", are summed at "A".
The "S" correction level is determined by the ratio between "R4" and "R5" resistors.
VII1.6.2 - Frame scanning in switched mode using coupling capacitor

Figure 91

TEA 2029C

FRAME
SAW-TOOTH

Linearity
_—Adjustment YOKE

= Cp
Sa!ely
100 Rs Input

91AN2028/29-90

Vertical Amplitude
Adjust

The parabolic voltage at (a) is integrated by "R2, saw-tooth voltage at (c). The "S" level is determined
C2" network and used for "S" correction. by "C2, R2, R3" network.
The "S" waveform voltage at (b) is added to the

53/55
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VIII.6.3 - Frame safety pling capacitor "Cp" will reach an excessively high
In case of failure in the loop, the thyristor may value.

remain turned-off while the inverse parallel-con- To avoid such situation, the voltage at point (a)
nected diode conducts. This will result in a hazard- should be applied to the "Safety" input pin 28 after
eous situation where the voltage across the cou- ithas gone through the matching network "R4, R5".

VIIL.7 - Frame scanning in class B with flyback generator
VIII.7.1 - Application diagram

Figure 92
Pin14 +24V
. 200V (TEA 2029)
1
U 27MQf| 33kQ
TEA 2029 .
c | 470nF 2 13kQ 1 ; 1
E‘] ; - 4 220 Frame
” Yoke
100’*; aomH , 150] []%2°
: 150F  q0KkQ A 0.7App
—_ PN 'y N -y I ”
L1 b--{2}--3} e sva oo
N.C. 1
10kQ 100nF Vorial
12V | ime saw-tooth '{ 1000F 1ty Pg,:;:-
saaf] 2] ~ V] 15k
- 100Q [|1Q
Vertical Amplitude
A Adjust
91AN2028/29-91
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TEA5170
SECONDARY CONTROLLER FOR MASTER-SLAVE STRUCTURE

By : T. PIERRE
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I - INTRODUCTION

The TEA5170 is designed to work in the secondary
part of SMPS, sending pulses to the slave
TEA2164 which is located on the primary side of
the main transformer.

The function of the regulation and synchronization
are carried out by the TEA5170.

An accurate regulated voltage is obtained by duty
cycle control.

The TEA5170 can be externally synchronized by a
frequency higher or lower than the free-running
frequency. This feature is particularly suitable for
TV applications.

Il - OPERATING PRINCIPLES OF
MASTER-SLAVE STRUCTURE

This architecture offers two modes of operation :
* Master-slave mode (for normal operation)

Figure 1

* Burst mode (used during start-up and stand-by
phases)

1.1 - Master-Slave mode

In this configuration, the master circuit located on
the primary side, issues PWM pulses used for
output voltage regulation. These pulses are sent
via a pulse tranformer to the slave circuit (Figure 1).
In this mode of operation, the falling edge of PWM
signal may be synchronized by an external signal
(e.g. by line flyback signal in TV applications).

1.2 - Burst Mode

During start-up and stand-by phases, no regulation
pulses are issued by the master circuit and thus the
slave circuit operates in burst mode. In this config-
uration, the slave circuit determines the switching
frequency and the burst period. (See figure 2)

MASTER
CIRCUIT

SLAVE
CIRCUIT

o0

PWM
Signal | I

Pulse
Input L '\
Current T‘I/]

91AN5170-01

Figure 2 : Burst Mode Operation

Burst Period
fo— typ ~ 30ms ~1

COLLECTOR CURRENT ENVELOP

Suitah
— b Feied”

Y

DETAIL OF ONE BURST
91AN5170-02
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11.3 - Operation of a Master-Slave Supply in « In normal mode of operation, the master circuit
TV Application issues the PWM signal for regulation. The
power supply operates in master-slave mode.
The master circuit is simultaneously synchro-
nized with the line flyback signal.

The arrangement generally employed is depicted
in Figure 3. On the secondary side, a microcon-
troller is connected to the remote control receiver

which issues control signals for stand-by and nor- * Power supply start-up. As soon as the

mal modes of operation. (Figure 4). VC.C(STABT) threshqld is reached, the slaye cir-

) cuit begins operating in burst mode. While the

s In s_tand-by mode, the device power consump- secondary voltages are being stabilized, the

tionis low (few Watts). The master will no longer microcontroller holds the TV set in stand-by
send any control pulses to the slave which will mode.

consequently begin operating in burst mode. Once the start-up phase is terminated, the set may
Power supply regulation is performed by the slave remain in stand-by mode or switch into normal
circuit through the auxiliary winding. mode of operation.

Figure 3

Muting
AUDIO Control

Remote
Stand-by

P1 : Output voltage adjustment in normal mode

P2 : Output voltage adjustment in stand-by

MAINS
: INPUT
H
E e C
! VOLTAGE
; 'REGULATOR
!
H ke Synchronization
: Vee . —
: P
' TEA 2164 L
: pL Vee
' INFRA-RED
: RECEIVER
H
H
H
1

91AN5170-03
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Figure 4
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Il - Description of TEA 5170
The TEA 5170 is a fixed frequency PWM signal generator operating in voltage mode regulation.

lll.1 - Block Diagram

Figure 5
R
Is]
: i
POWER
¢ [7}—osciLLator '(soyﬁﬁ %yr}%ug
27V W
| ‘I COMPARATOR ;J”
C(s-START)| » +
1 SOFT-START "PWM »| LOGIC
Smax
Error
Inverting Amplifier
Input E’ } >> | Pwm \
2v
\/
; Monl?oqlng
[e} al {2} {s}—
Vour GND Veo PWMout
91AN5170-05
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111.2 - Oscillator

The oscillator generates a linear saw-tooth signal
and sets the free-running frequency. This oscillator
can also operate in synchronized mode.

111.2.1 - Operation in free-running frequency
mode. (See figure 6).

111.2.2 - Operation in synchronized mode

The oscillator is synchronized by forcing the saw-
tooth return.

Enabling the synchronized mode (Figure 7)

The synchronized mode is enabled when the signal
pulse on pin 8 (Rt) coincides with the oscillator

Figure 6

saw-tooth return. The "Ct" capacitor charge current
is then multiplied by a factor of 0.75.
The TEA 5170 will remain in synchronized mode as
long as the synchronization pulses fall within the
following window :
(0.8T1 +T2) < Tsync < (1.33 T1 + T2)
Where :
* T1 : Ct charge time in non synchronized mode.
» T2 : Gt discharge time

Synchronization signal (Figure 8)

Synchronization signal is applied to pin 8 "Rt" and
the capacitor "Ct" is discharged when voltage "Vgt"
exceeds the "2.7 V" threshold.

Vipy =1V
Vins = 2V

CURRENT
MIRROR

Vcomp
Vcomp

| T
! T: period
T1=05xRxCy
T =Gy (0.5x Ry +1330)
T2=1330x Gy

91AN5170-06

Comment :

The internal current generator used to charge the
"Ct" capacitor is disabled for the entire phase where
"VRt" is higher than 2V. Thus, in order to maintain

Figure 7

the saw-tooth shape of the oscillator signal, the
"VRt" voltage should fall to 2V before the capacitor
"Cy" full discharge.

MICROELECTRONICS
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Figure 8

Rt

27V|-------- /\

)
4

91AN5170-08

1.3 - Error Amplifier (Figure 9)

The on-chip error amplifier can be accessed
through its inverting and output terminals.

The non-inverting input is internally tied to refer-
ence voltage level.

Comment :

An internal inverting amplifier sets the correct
phase polarity of the error amplifier output signal
for regulation.

1.4 - Pulse Width Modulation (Figure 9)
The TEA5170is a PWM signal generator operating
Figure 9

in voltage mode. The pulse width is determined by
comparing the error signal "Vom" with the oscillator
saw-tooth. \

When the error signal "Vowm" exceeds the regulation
range, internal threshold components will set a
minimum conduction time tongviny and also limit the
maximum conduction time tonmAX).

At initial start-up, a soft-start function implemented
by linear charge of soft-start capacitor "C(s-sTART)"
is used to vary gradually the ton(max) threshold. The
output pulse width varies from tonmin) to tonMmax)
nominal value for Vc(s-sTArT) voltage variation of 0
to 2V.

PWM

Amplifier VpINs
Qutput
VriNG

Vosc

PWM
Inputs

PWM
Output

91AN5170-09
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Figure 10

LOGICAL
CONTROLLER

91AN5170-10

lll.5 - Output Stage (see figure 10)

The output stage operates in on/off mode. For a
supply voltage higher than 8V, the output signal
value is independent of the supply voltage. (Typical
value : 7V)

1.6 - Vcc Monitoring

Vce Rising : When Vcc reaches the value
"Vce(sTarT)", an internal switch enables the opera-
tion of the output stage and the soft-start capacitor
begins charging.

The internal logic circuitry becomes operational
before Ve has reached the "Vec(starT)" value.

Vcc Falling : When Ve falls below the "Vecstor)”
level, the negative output stage is switched-on, the
transistor is turned off and the soft-start capacitor
is discharged.

IV - TV POWER SUPPLY APPLICATION BUILT
AROUND TEA5170 (Figure 15)

General structure and operational features of this
power supply were outlined in section 1.

The details covered below apply to a power supply
configuration using the slave "TEA2164" device.

(Refer to TEA2164 data sheet and application note
"AN409/0591" for further details).

73
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IV.1 - Main Application Characteristics

Characteristic Value
Input voltage 170Vac to 270Vac
Output power 20W to 120W
Output power in stand-by
mode 1Wto 6W
Switching frequency 32kHz

Synchronization on line flyback signal (positive)

IV.2 - Components External To TEA5170

Component Value Calculation
Also refer to TEA2164 application note "AN-
409/0591" for calculation methods applicable to
other power supply elements.
The external components determine the following

parameters :

o Operating frequency
o tonMmIN) -

o Soft-start

o Error amplifier gain

Ideal Values

o Period of operation "Tosc" : 32us
o tonMiny duration : 1.2us J
o soft-start duration : 20ms

o Error amplifier gain :
« DC gain Gpc = 35

* AC gainat 1/10 x Tosc : Gac = Gpc/5 =7

SON

713
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IV.3 - Free-Running Oscillation Frequency

For efficient use of TEA5170 and TEA2164 syn-
chronization windows, the periods of both devices
are determined as folows :

T Tsync
0SC(5170) = e
T
Tosc(2164) = —013;(;);70)
Where :

« Tsync : line flyback signal period
* Tosc(s170) : TEA5170 free-running period
* Tosc(2164) : TEA2164 free-running period

Numerical Application
Period of synchronization signal being
Tsync = 32us :
Tosc(5170) = Tsme = 30.2us
: 1.06
Tosc(z2164) —(—TC;S;;\J;O) = -13(2)—22\:3
= 24.7s

The TEA5170 free-running period is determined as
follows :

Where :

G, = lonamy — 05 1078
1330
« Ri = 105kQ (1%)
* Ct =560 pF (2%)

IV.4 - Error Amplifier Compensation
« A high DC gain is required for good accuracy.
« For stability reasons, the AC gain must be at-
tenuated so as to avoid injection of the switching
frequency component into the regulation loop.

. _ R2 + R1
DC Gain : Gpc =R3 x R2 X R1
1
R3x—
. . o joC R2+Ri1
AC Gain : Gac= 1 *RoxRi
R3 +—
joC
Assumptions :

» R2 > > R1 since Vout >10 VRer so the value of
R2 does not modify the result of calculation and
only R1 and R3 influence may be taken into
consideration.

* R1=2.2kQ, R3 = 75kQ

« With cut-off frequency in AC regulation mode :

cfo=————— = C=22nF
Tosc(s170) = Ct (0.5 x Rt + 1330)- 10 x Tosc
Figure 11
o]
—_.||_._
T R2 r"R—s—L
Vour n 3
R1 ':I-" VRer
” m
91AN5170-11
8/13
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IV.5 - Synchronization Signal Matching Stage
(Figure 12)

The synchronization signal is generated from the
line flyback.

The pulse amplitude is given by :

Veinemax) __ R,
VsynG =R+Rs Re With Rt>> R

The pulse time constant is (R+ Rp)C and should be
Figure 12

lower than the saw-tooth fall time.
Thus, for a line flyback signal amplitude of 50V :
R =6.8kQ, Rp = 75kQ, C = 150pF

Comment :

Practical and theoretical values may differ slightly
since the rise time of the line flyback signal is not
generally negligible.

EHT

i

VsyNG

%

AW

TRANSFORMER C Rp
H—1

Jﬁ%]

91AN5170-12

IV.6 - Soft-Start Period Duration

In this application, the duration of soft-start is
around 20ms,

With :
* C(s-START)
Figure 13

= T(s-sTART) X 2 X 10°® = 47nF

91AN5170-13

IV.7 - Transformer Characteristics
(Reference : G4453-02 OREGA)

Winding Pin Inductance

np 3-6 680 uH

nAux 7-9 7 uH
n2 19-13 592 pH
n3 19-20 12 pH
n4 14-17 5uH
n5 '22-21 25 uH

9/13
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IV.8 - Operation

1V.8.1 - Start-Up

The power supply of TEA5170 begins rising grad-
ually upon initial start-up of the primary circuit.
When Vcc reaches the value Veg(start) = 4V, the
oscillator has already begun running and the soft-
start capacitor "C(s-starT)" begins charging. The
conduction time is tonviN) and rises gradually.

IV.8.2 - Stand-By

This function is externally activated by grounding
the "stand-by" input thereby disabling the power
supply of TEA5170. (Figure 15).

To return to normal mode of operation, this pin
should be left floating.

V.9 - Delay Time In Synchronized Mode
Figure 14

1V.8.3 - Synchronized Mode

The differentiator at synchronization input will
transform the line flyback signal into a rectangular
pulse whose time constant is around 1ms.

In this mode of operation, there is a lapse of time
between the falling edge of the synchronization
signal and the real transistor turn-off (Figure 13).
In TV applications, this time should be less than the
line flyback duration so as to avoid the occurrence
of on-screen visible disturbances.

t1 and t3 times are specific to TEA5170 (11 + 13 =
800ns typ.)

t4 is specific to the primary circuit (= 800ns typ. with
TEA2164).

Only t2 = tonin) and t5 = tstg of the switching
transistor can be modified according to individual
application requirements.

I.YEACK
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VOLTAGE H
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V - DC-DC CONVERTER
(9V £40% => 24V, 1.5W) (Figure 16)

This low power converter employs a transformer
wound on a low-cost ferrite former.

The configuration is protected against open loads
and short-circuits.
Transformer characteristics

* Primary inductance : 53.5 pH

» Transformation ratio for 24V :ns/np =2

Regulation Characteristics

« Line regulation at 4.9V to 15V : 24V + 0.22%

« Load regulation for (0.4Pmax - Pmax) :
24V £ 0.12%

» Power range : 0.24W to 1.6W
« Efficiency : 40%

V.1 - Electrical Diagram

V.2 - Operation

« The period of operation is determined by Rt and
Ct components. ’

» Minimum conduction duration : 0.6 ps
« Free-running period : 29 us
« Soft-start period duration : preset at 100 ms.

V.2.1 - Open-load Protection

In case of low load values, the minimum conduction
time tongmin) with respect to the period of operation
is too high to maintain the output voltage at its
nominal value. The only solution to stabilize the
voltage is to increase the period of operation by
reducing the charge current of the oscilator capac-
itor Ct. This is obtained by injecting additional cur-
rent into resistor Rt as soon as the output voltage
Vour rises.

Figure 16
v
5Vic1av > " > SomA
N N Fl&m. -
P.I S B il o
1N4148
>t <
BY100-200 gy
+ 1N 1
pin X 4148 }) o
o ;;;"’3”\ s.sko” Unwkn
1800 / J»
91AN5170-16
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V.2.2 - Short-circuit Protection

When the current through transistor becomes sub-
stantially high, the transistor is saturated and in-
duces a high dic/dt . The diode on switching tran-
sistor base is then forward biased and begins
deviating a portion of the base current. This phe-
nomenon is self amplified and therefore results in
rapid transistor turn-off.

V.2.3 - Demagnetization Monitoring

In order to avoid magnetic flux runaway, the tran-
sistor should be driven into conduction only once
the transformer has been fully demagnetized.
While the transformer is being demagnetized, the
secondary-connected rectifier diode is forward bi-
ased and thus maintains the error amplifier output
at 0 potential. The allowed conduction period is
consequently toN(MIN)-

VI - CONCLUSION

The TEA5170 requires a very simple configuration
and yet offers excellent regulation quality combined
with synchronization possibility for flyback-type
converters.

The TEA5170 can be used in converters operating
at 16 kHz to over 100 kHz frequency range.

Access to error amplifier and soft-start input are
some of the remarkable features offered by this
device whose application areas are by no means
limited.

The TEA5170 belongs to the family of master
controller devices characterized by their outstand-
ing flexibility of use and application performances.

437 S6S:THOMSON 1313
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TEA2164
MASTER-SLAVE SMPS FOR TV & VIDEO APPLICATIONS

By : B. D’HALLUIN
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SUMMARY (continued)

1.6 START-UP

111.6.1 Start-up resistor

ll.6.2  Self-supply

11.L6.3  Secondary controller circuit start-up
.7 PROTECTION FEATURES

.71 Overload protection

lll.7.2  Short-circuit protection

.7.3  Repetitive overcurrent protection
ll.7.4  Overvoltage protection

1.8 OSCILLOGRAMS

v APPLICATION VARIANTS

V.1 ALL MAINS APPLICATION

V.2 117 VOLTS APPLICATION

IV.3 APPLICATION WITHOUT STAND-BY

|- INTRODUCTION

The TEA2164 is a Switching Power Supply Con-
troller circuit designed to operate in Master-Slave
structure.

This device is located on the primary side of power
supply and requires the addition of other controller
device such as TEA2028 or TEA5170 connected
to the secondary side.

1.1 - Master-slave structure
1.1.1 - Block diagram

The main application of this circuit is in switching
mode power supplies operating in discontinuous
mode flyback configurations used in TV receivers
at 60 W to 150 W power ratings.

The device incorporates a "Burst Mode" feature
which offers excellent functional efficiency in
"Stand-by" mode of operation.

Figure 1
MAINS
“
O—t e é S
L]
N g OUT
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1.1.2 - Fundamentals

The "Master" device located on the secondary side

of the power supply performs the following func-

tions :

- Output Voltage Control : Monitors the Conduction
Period of the "Slave" circuit so as to provide
Output Voltage Regulation as a function of Mains
and Load variations.

- Switching Frequency Synchronization on Hori-
zontal Scanning Frequency

The "Slave" circuit provides for the following func-

tions :

- Power supply start-up

- Optimized Switching Transistor base drive

- Power supply regulation during stand-by opera-
tion

- Protection against
* Overloads
« Short-circuits
» Open-loads
* Missing control pulses normally delivered by

secondary block.

1.1.3 - Principles of regulation

Afraction of the voltage to be regulated is obtained
from a voltage divider network and compared to an
internal reference voltage. The error voltage deliv-
ered by comparator is used to modulate the dura-
tion of the output pulse delivered by PWM (Pulse
Width Modulation) Controller. The frequency of
these pulses is determined by an internal oscillator
synchronized on the horizontal scanning of the TV
set.

PWM output signal is differentiated and forwarded
towards the primary controller via a small low-cost
pulse transformer which provides galvanicisolation
between primary and secondary sections.

The differentiated positive signal pulse will turn the
transistor on while the negative pulse will turn it off.
Conduction period variation will determine the
amount of energy stored within the transformer
during each cycle so as to maintain a constant
output voltage whatever load and mains voltage
variations.

1.1.4 - Advantages offered by this architecture

The "Master-slave" architecture offers the following

advantages : )

- Excellent output voltage regulation

- Main output voltage is not influenced by signifi-
cant variations of auxiliary voltages (no sound
interference within image display, even at audio
power levels as high as 2 x 30 W).

- The coupling between transformer primary and
secondary windings is no longer a critical require-
ment for regulation; which allows use of low-cost
transformers (such as SMT5 series manufac-
tured by OREGA)

- Synchronization on TV line scanning frequency
will suppress any on-screen interference pro-
-duced by power transistor turn-off, and eliminate
the need of additional output voltage filtering
components.

- All power supply protection features are imple-
mented on primary side thereby allowing efficient
and fast response to :

* Current limitation
* Overvoltage protection
« Persisting overloads

- Other protections can be implemented to limit or
disable the duration of regulation pulses issued
by PWM, in case of failure detected within any
section of the TV set.

1.2 - Stand-by in burst mode

The secondary power required in stand-by mode is
often quite low (1 W to 5 W in majority of cases).
Instead of operating the system at low ton duration,
which is a difficult task with discontinuous mode
transformer, the TEA2164 offers a "Burst Mode" to
perform the stand-by function.

- T4 : Burst duration

Figure 2

F SGS-THOMSON
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CURRENT )
et
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91AN2164-02

- T2 : Burst period (period of VLF oscillator)

The T1/T2 ratio is fixed internally.

The TEA2164 allows the switching transistor to
conduct only for typically 13% of the internal VLF
oscillator period.

A pulse train "T1" called "Burst" is thus obtained.
The repetition period "T2" can be set externally by
capacitor "C1" connected to pin 10.

In this mode of operation, the power transferred to
the secondary windings is very low.

The collector current envelope has been optimized
to yield efficient soft start and to minimize the audio

3/30
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noise generated by switch mode transformer. Also,

the free-running frequency "fosc" is shifted towards

20kHz so as to eliminate all audible noise in stand-
by mode.

In this mode, the secondary output voltages are

regulated by a feed-back loop on primary side. The

TEA2164 will switch from synchronized mode (reg-

ulation by master circuit on secondary side) to burst

mode (stand-by) as soon as the synchronization
pulses, normally delivered by secondary block, are
no longer available.

It is therefore obvious that the most efficient solu-

tion to implement the burst mode is to cut supply to

master which will consequently be unable to deliver
any synchronization pulse.

The stand-by function in burst mode offers the

following advantages :

- Eliminates the need for auxiliary stand-by power
supply and therefore its costly building elements
such as stand-by mains transformer, relay or
other specific components.

- Good power supply efficiency, thanks to burst
mode, allows low mains power consumption in
stand-by.

Il - THE TEA2164 INTEGRATED CIRCUIT

11.1 - Description

The TEA2164 is cased in a 16-pin DIL package.
The 4 center pins (2 on each side) are connected
together and used to evacuate the heat.

The device includes the following functional
blocks :

- A free-running oscillator which can be synchro-

4/30
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nized on the frequency of pulses issued from
secondary.
- A Very Low Frequency (VLF) oscillator used for
burst mode.
- An input stage to shape positive and negative
input pulses.
- An output stage with two complementary amplifi-
ers:
* one, to provide the positive base current to turn
the switching transistor on,
« the other, to provide the negative base current
required to turn the transistor off.
The positive base current is proportional to the
-collector current.
- A sophisticated protection system featuring :
« Collector current limitation at 2 threshold levels
« A device to memorize the occurrence of over-
loads and short-circuits, and to disable the
power supply completely after a pre-determined
time constant.
* Ve monitoring device with 2 thresholds :
- Upper threshold : for overvoltage protection
- Lower threshold with hysteresis : for system
start-up
- Supply Voltages :
» one pin for general supply (Vce)
« one pin for power supply of the positive output
stage (V*)
« four pins for power supply of the negative output
stage (V')
(according to application type, these pins can
be grounded)
« one pin for ground connection
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1.2 - TEA2164 Simplified block diagram

Figure 3
Vee
{re}
..I Vee
MONTORYG
Veo 218V
towrnal
Vec
__l nc
OSCLLATOR
TEA 2164
R oy |

1

‘GROUND
91AN2164-03

11.3 - Pin configuration

1 Ground
2 Icopy
3 Cz

4 \'A

5 \'a

6 Input
7 Rosc
8 Cosc
9 R4
10 Cq
11 lemax
12 \'A
13 A
14 Output
15 Vv
16 Vee

Batwing DIP16
(plastic package)

1.4 - Operating modes
11.4.1 - General description

The TEA2164 can operate in two distinct modes :

- "Normal" (or synchronized) mode :
Synchronization and regulation by secondary
controller circuit.

- "Burst" mode :
In this mode, the TEA2164 operates as a stand-
alone device.
This mode is used upon start-up and in stand-by
mode.

7 SGS-THOMSON 5/30
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Two additional modes are also available :

- Long interval safety mode : the device is fully
turned-off although it is correctly supplied
(pin 3 capacitor has stored the occurrence of
repetitive overcurrent)

- Start-up mode : the device is in low-consumption
mode, its Vcc has not yet reached the Vcc(sTART)
threshold.

The normal start-up sequence is :

- Start-up Mode
* Burst Mode
* Synchronized Mode

11.4.2 - Synchronized mode

In synchronized mode, control pulses delivered by
secondary block are differentiated and then applied
to pin 6 input.

Figure 4

The positive pulse will synchronize the internal

oscillator by discharging the "Cosc" capacitor,

which will generate a constant width pulse called

"sTART" signal to be applied to positive stage output

amplifier.

Similarly, the negative input pulse generates a

"stoP" pulse which is applied to negative stage

amplifier whose output is used to turn-off the

switching transistor.

The "sTART" signal is disabled under following con-

ditions :

- voltage applied to Vcc terminal is higher than
+15V

- current protection device has detects a collector
current higher than "lc(vz)".

If the current reaches "lc(m1)" threshold, the current

limitation device will generate the "sTopP" pulse.

Rosc lcopy
OSCILLATOR oo Start .
& 1 AP
coso[B1 —o
Sync lcgaz)
Vce 2 15V ouT
Iomt)
N [E— INPUT STAGE | S— stop
] 21 =1 AP
Iomax) | Togmy) .
DETECTION |___ . 1012
Io(MAX)
91AN2164-04

11.4.3 - Burst mode

If no control pulses are present at device input
terminal, the TEA2164 will operate as stand alone
in burst mode.

The switching frequency is given by the internal
oscillator whose value depends on external com-
ponents "Rosc” (pin 7) and "Cosc" (pin 8).

The "START" signal is generated by the oscillator

~

6/30

‘7_ SGS-THOMSON

and is used to turn the switching transistor on.

Transistor turn-off is performed by "lc(m1)" current
limitation through soft-start block or by "tonMax)"
value set by resistor "R1" connected to pin 9 (or
voltage applied to pin 9).

The VLF oscillator will enable the "start" signal for
13% of its periode duration.

MICROELECTRONICS
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Figure 5
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Ill - APPLICATION EXAMPLE

(120 W - Discontinuous mode flyback power supply with stand-by in burst mode)

1ll.1 - Characteristics & application diagram
Ill.1.1 - Characteristics
- Discontinuous mode flyback SMPS
- Standby function using the burst mode of
TEA2164
- Switching frequency :
» Normal mode : 15625Hz (synchronized on hor-
izontal deflection frequency)
« Stand-by mode : 19kHz
- Nominal mains voltage : 220Vac (50Hz or 60Hz)
- Mains voltage range : 170Vac to 270Vac
- Nominal output power : 120W
- Mains power consumption :
« Normal mode : 150W max
« Stand-by mode : 5W (with 3W at secondary
side)
- Efficiency :
» Normal mode : 85% (under nominal conditions)
+ Stand-by mode : 60%
- Regulation performance at high voltage output :
« better than 0.5% versus mains variations of
170Vac to 270Vac
* better than 0.5% versus load variations of 35W
to 120W

‘ﬁ' SGS-THOMSON

- Overload and short-circuit protection with com-
plete power supply shut-down after a pre-deter-
mined time constant

- Open-load protection by output overvoltage de-
tection

111.1.2 - Application diagram

The first diagram illustrates the primary block built
around TEA2164.

The system is set into stand-by mode of operation
by the switch connected to +15V supply.

Regulation pulses can be generated by a PWM
device such as TEA5170 or delivered by a deflec-
tion circuit such as TEA2028 or TEA2029 which
includes on-chip power supply regulation.

The second diagram depicts the full application
diagram for a complete TV set power supply and
scanning built around TEA2164 and TEA2029.

A microprocessor will introduce 100ms delay inter-
val for the system to start-up in stand-by and then
to switch into normal mode (synchronized and
regulated by TEA2029).

7/30
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Figure 6 : TEA2164 typical application
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lll.2 - Transformer calculation

The power supply must meet the following specifi-

cation requirements :

- Mains voltage range : 170Vac to 270Vac (50Hz
or 60Hz)
i.e. 200Vpc to 380Vpc taking into account the
supply ripple

- Output power : 10W to 120W max
i.e. 150W at input

- Switching frequency : 15625Hz

- Main output voltage : +135V

Figure 8
Vout
Pour
Ip
. —t
S \
t
VcE Vi i
LVR i
Vint-- ¥ A
t
toN 1 tdm
1
T—
91AN2164-06

The transformer primary inductance "Lp" and trans-
formation ratio "n2/n1" are to be calculated while
taking into consideration limits related to conduc-
tion time "ton" and switching transistor currents and
voltages (lc and VcE).

Following conventional expressions are em-
ployed :

o7 (1)
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Vin X 1
Ip= INE< ON @
P

n2 _ Vinxton
tam =13 % Vour (3)

combining (1) and (2)

1 4'
'(oN=V—INX 2PN X T x Lp (4)

combining (3) and (4)
tam=2 APy x T L ®)

First limit : The system should always operate in
discontinuous mode

Werefore : tonmax) + tammaxy < T (6) |

The worst case is specified with Pinmax) and
VINMIN)

n2
1 A\ ’_T_
[VIN(MIN) VOUT) Lp < 2PIN(MAX) (7)

Second limit : Maximum voltage across the switch-
ing transistor :

[ Veemax = Vinawax + Ve ® |
where : VR = Vour x U
n2

Third limit : Maximum current through the switching
transistor :

2PiNMAx)
loax) = L = T (9

To minimize the voltage across the power switch,
we shall select a reflected voltage of Vr = 150V.

.Therefore :
n2 135V
n1~ 50V =09

« In order to take full advantage of the transformer
ferrite core, one shall select the extreme limit of
demagnetization :

SON
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therefore :
tonMax) + tammaxy =T

2
Y V.
Lp= = T IN(MII:: 2>< ouT (10)
INMAX) | viour + ™ ViNMiN)
L, 84x10° ( 200x135 Y
P="2%150 ~|135+0.9x 200
Lp = 1.55mH

Characteristics of the ferrite core used in this case
will require 80 primary and 72 secondary turns.
TRANSFORMER SPECIFICATIONS
- Reference : OREGA - SMT5 - G.4173-04
- Mechanical Data :

« Ferrite : B50

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

* Airgap : 1.7 mm
- Electrical Data :

Pin | Number |Wire Size| 'duc-
Number | of Turns | (mm)

(1H)
Primary 3-6 80 0.45 1550
Forward 2-1 3 0.45 3
Flyback 7-9 7 0.45 14.5
Secondary
+135V 19-13 72 0.45 1240
+15V 17-14 9 2x0.45 22
+25V 21-22 14 2x0.45 52

Using this transformer :

- maximum voltage across the switching transis-
tor :

l Veemax) = ViNMaX) + VR |
VceMax) = 380 + 150 = 530V

- maximum current :

~ 2PINMmAX) T
lcvax) = Lp

: Gy7 SGS:THOMSON

2x 150 x 64 x 107°
lemax) = 1.55x 1072 =3.5A

- Maximum conduction time at Pingvax) :

V2 x Pinwaxy X T x Lp

tON(MAX)=$'\l2 x 150 x 64 x 107 x 1.55 x 107

toNMAX) =

VineMing

tonmax) = 27.3us

- Minimum conduction time at Pingvin) :

‘12 X PIN(MIN) xTx Lp

tON(M|N)=3—:36\/;< 12.5% 64 x 10 x 1.55x 10

tonming =

VINMmAX)

tonMIn) = 4.1ps

Comment :

When using high value secondary filtering capaci-
tors or if the switching transistor storage time is too
long, the system start-up at high mains voltages
may be difficult.

Infact, upon start-up, the secondary filtering capac-
itors are discharged which will result in very long
demagnetization time. According to both, trans-
former characteristics and minimum conduction
time, the transformer is magnetized and the peak
primary current begins rising (the current does not
any longer begin rising from zero).

In worst case, the current can reach the threshold
level "Igqm2)" which will consequently prevent the
power supply start-up.

Two solutions are available :

» Reduce the number of secondary turns which
will decrease the demagnetization time (but
also increase the switching transistor reflected
voltage)

* Reduce the primary inductance while keeping
the transformation ratio constant (which will also
increase the RMS and peak current values)

Under all circumstances, an efficient transistor
base drive combined with a not too long storage
time (3.5us to 4us) are required.

11/30
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111.3 - Switching transistor & its base drive
111.3.1 - Current limit calculation

Figure 9
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The "Rgs" resistor sets the switching transistor col- _0.84 200 6
lector current limitation value. Power supply reli- loqax) =557 + 155%10° | 4x107=36A

ability is directly dependent on the value of this

resistor, which is calculated as a function of the

maximum power required from the secondary

winding.

Lets set the secondary power limit at 150W value :
P|N=%=> Pin=175W

(with efficiency n = 0.85)

2Pinvaxy X T
lemax) = Lp
2x 175 x 64 x 107°
lomax) = 155 % 10° =3.8A

The storage time at this current value is approxi-
mately 4us (with BUS08A).

The collector current slope at nominal mains volt-
age is 0.2A/us .

The current limitation threshold level must there-
fore be fixed at 3A.

The "lcgw1)" voltage threshold is typically 0.84V :

0.84
5 =028

In practice, the selected value is Rs = 0.27Q
At minimum mains’voltage level, the slope is
smaller and the maximum current therefore be-
comes :

therefore : Rg=

12/30
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At maximum mains voltage level, the slope is
sharper and the maximum current therefore be-
comes :

380
1.55x 107°
111.3.2 - Switching transistor

It was demonstrated that under normal operating
conditions, the maximum collector current value is
around 4.1A while the maximum collector voltage
is approximately 530V.

Factors such as the overvoltage produced at the
time of transistor turn-off, transformer leakage in-
ductance and peak currents generated in the event -
of short-circuits, must be also taken into account.
At the time of transistor turn-off and under worst
case conditions (maximum mains voltage, signifi-
cant overload), the "Vce" voltage across the tran-
sistor can reach 1000V.

Therefore, a transistor with Vces = 1200V must be
selected.

In case of short-circuit, transformer is magnetized
and the collector current value will reach 5A (with
0.27€ measurement resistor and 1.35V typ. Vcm2)
threshold). .
Therefore, a transistor with Icmax) = 7A must be
selected.

IC(MAX)=%+ x4x100=4.1A

MICROELECTRONICS
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The BU508A and equivalents are perfectly suit-
able.
111.3.3 - Switching aid (snubber) network
The "Snubber" network is built using a combination
of "R, G, D" components to limit the dV/dt slope
and to reduce the collector current rise up at the
time of transistor turn-off.
Switching losses at turn-off which are proportional
to "V x I" product are thus minimized.

«C=22nF
Figure 10

* R=220Q

« D :BA159

« T : BUS0BA
Whatever load and input voltage conditions, it must
be ensured that the system will operate perma-
nently within the safe operating area of the transis-
tor.
A100Qresistor connected between transistor base

and emitter terminals will improve the voltage
behaviour.

100Q ¥ R

Vce

91AN2164-10

111.3.4 - Base drive

A bipolar switching transistor requires a positive
base current to enter into saturation while a nega-

Figure 11

tive base current is necessary to turn it off.

The shape of base current waveform is illustrated
in the following Figure.

ls‘

91AN2164-11

1 - Constant amplitude pulse to turn the transistor
on (duration depends on oscillator saw-tooth re-
turn)

2 - Base current proportional to the collector current
(Icopy function on pin 2)

3 - Saturated base current to limit the circuit power
dissipation (function implemented through the re-

KY_I SGS-THOMSON

sistor in series with pin 15)

4 - On-chip delay interval of "0.7us" to prevent
simultaneous conduction of positive and negative
stages

5 - Negative base current to remove the charge
stored within base (storage time - duration of which
depends on type of switching transistor)

13/30
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Figure 12
3xD 4})
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L 4L did)
100Q
i
c
91AN2164-12
«L=25pH current delivered by TEA2164 should not exceed
*R=10Q -1.7A . The 10Q resistor connected across this
+ C=47pF inductor helps the damping of base current oscilla-
« D : 1N4001 tions at the beginning of transistor conduction.

The base drive circuit is a "capacitive coupled"
device. There is therefore no need to apply a
negative voltage "V -" to pins 4, 5, 12 and 13 which
will be grounded. P.C.Board tracks connected to
these pins must be wide enough to allow efficient
evacuation of the power dissipated by device.
The positive base current goes through 3 diodes
connected in series. Capacitor connected across
these diodes will be charged to a value equal to 3
times forward diode voltage drop. This voltage is
sufficient to turn the transistor off.

This capacitor must be selected to withstand the
effective current through it, which is mainly the
negative turn-off current.

The inductor in series with base, limits the dIB/dt
slope and thus the base current, at the time of
transistor turn-off. The inductance value must be
adjusted to yield efficient turn-off while the negative

Figure 13

Comment : )

In order to avoid all problems at TEA2164 output
stage, it is recommended to connect a 1N4444
diode between the output terminal (pin14) and the
ground, as illustrated in Figure 12 above.

In case of capacitive drive and if a negative
voltage appears across output terminal (due to
inductor L), this diode will deviate the current
towards ground thereby preventing reverse bias
of the negative output stage.

111.3.5 - Rcopy Resistor Calculation

This input is used to set the switching transistor
forced gain, that is, to deliver the base current
necessary for a required collector current.

Input pin 2 can be considered as a virtual ground
terminal and therefore :

Rs x Ic = Rcopy x Icory

91AN2164-13

Also, the current gain between input (pin 2) and the
output (pin 14) is :

1000 = Ig = 1000 x Icopy

The forced gain is therefore :

lo_Reopy 1
I Rs ~ 1000

14/30
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A forced gain of 2.25 (Busosa) with Rs = 0.27Q will
yield : Rcopy = 600Q

In practice, one would select the optimal value by
observing the dynamic aspect of the saturation
voltage on an oscilloscope. This is why Rcopy =
390Q is selected with BUS08A.
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111.3.6 - Calculating the value of resistor connected
tov+

In order to prevent high current flow through the
integrated circuit and also to limit the power dissi-
pation, the output stage is operated in saturated
mode in high positive output currents.

The maximum recommended positive base current
is 1.2A.

Selected maximum power supply voltage is +12V.
Lets calculate the resistor value required to yield a
maximum current of +1A.

The voltage drop across three diodes connected in
series is typically 0.9V x 3 =2.7V at 1A.

The base-emitter saturation voltage of BU508A is
around 1V. The TEA2164 output stage voltage drop
is approximately 1.4V.

Comment :

- It is obvious that the maximum Ig+ value is
directly dependent on the power supply voltage.
Therefore, Ve variations as a function of mains
voltage, through the forward self-supply winding,
must be taken into consideration.

- All calculated values must be optimized on the
prototype board by taking into account all operat-
ing conditions of the switching transitor to be
used.

1Il.4 - Input pulses & oscillator
1l.4.1 - Input pulses (pin 6)

The regulation PWM and sync pulses issued by the
controller circuit on secondary side are sent to the
primary side through a pulse transformer that en-

Therefore : sures galvanic isolation between primary and sec-
_12V-1V-(3x0.9V)-1.4V ondary sections. The PWM pulse is differentiated
RV+ = = GQQ
1A by the pulse transformer.
Preferred value Rv. = 6.8Q is selected. Theinput signal (pin 6 of TEA2164) frequency must
Figure 14
A e O
3300
SMPS
_.% %.— ] T Output
J:[ ] |l TEA 2028
Pulse
Transformer

91AN2164-14

fall within the sync window :

0.65 fosc < fsyne < fosc

The positive drive pulse will turn the transistor on
while the negative pulse will turn it off. Prior to
transistor turn-off, the positive base current is inter-
rupted and then after a constant time interval, the
negative base current is applied to turn the transis-
tor off.

For appropriate system operation, the amplitude of
pulses applied to input pin 6 must fall within + 0.5V
to+ 1V range.

The pulse transformer can be built by 2 few turn
windings wound on a tore or ferrite rod.

11.4.2 - Oscillator (Rosc , Cosc - pin 7 and pin 8)
The free-running frequency is given by :

1
0.4 x Rosc x Cosc + 470 x Cosc

fosc =

&1

SGS-THOMSON
MICROELECTRONICS

Choice of fosc must take into account the following
constraints :
« fosc must fall within the sync range :
0.65 x fosc < fsyne < fosc
« the free-running frequency fosc must not fall
inside audible frequency range in stand-by
mode :
fosc = 20kHz
The sync frequency value used in TV applications
is 15.7kHz.
The free-running frequency "fosc" value is selected
to be 19kHz so as to fall at the center of sync
frequency range. This frequency is close to 20kHz
and is therefore not audible.
The value of "Cosc" capacitor determines the os-
cillator saw-tooth discharge time. This time has a
direct influence on "tongviny" used by TEA2164 and
therefore should not be too long so as to allow a

15/30
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low "ton(min)".

We shall select Cosc = 1.2nF

The corresponding value of Rosc is calculated as
follows :

1 470

= — == 108kQ
04x19x10°x1.2x10° 04

Rosc

Selected value is : Rosc = 110kQ

The tolerance of these components is calculated
as a function of maximum admissible free-running
frequency dispersion while also taking into account
the minimum and maximum limits of the horizontal
scanning frequency.

1l.5 - Stand-by

The system will enter into stand-by mode by simply
disconnecting the power supply to the secondary-
connected PWM regulation device (TEA5170 or
TEA2028). In the absence of control pulses nor-
mally delivered by the secondary block, the
TEA2164 will switch to "burst" mode in which case,

Figure 15

the power transfer falls to a low value.
111.5.1 - Very low frequency oscillator

The period of this VLF Oscillator is determined by
capacitor "C1" connected to pin 10.

For C1 = 100nF, the VLF oscillator period is approx-
imately 30ms. The typical burst duration is there-
fore 3.9ms - which is 13% of the VLF oscillator
period.

The ripple ratio of secondary output voltages in
stand-by mode depends on VLF oscillator period
and hence on the value of capacitor C1.

111.5.2 - Regulation in stand-by mode

A feed-back loop connected to pin 9 is used to
modify the maximum conduction period in burst
mode and to allow the regulation of secondary
output voltages in stand-by.

The feed-back information is delivered by the self-
supply flyback winding of TEA2164. This signal,
once rectified and filtered, is an image of secondary
voltages. This voltage is applied to an adjustable

TEA 2164

OUT [14]

91AN2164-15

divider bridge and then to pin 9 which is used for
output voltage adjustment in stand-by operation. It
is recommended to choose the voltage values in
stand-by slightly lower than nominal values used
under normal operating conditions. A 1nF capacitor
has been added to pin 9 which will improve the

16/30
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filtering of the regulation voltage.
111.5.3 - Maximum power in stand-by operation
The collector current envelope shape varies as a

function of the secondary power consumption in
stand-by.
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It follows that the power which may be tranferred
to the secondary winding in stand-by is therefore

The maximum power in stand-by can be estimated
as follows :

limited.
Figure 16
PsB < Psp(max)
Ic
lcmax)
PsB = PSB(MAX)
91AN2164-16
PeBttag = Puax <043 x fsa 111.5.4 - Booster circuit for higher stand-by output
SBMAX) = o 18 X e power
3 . . . .
= Psamax) = % % 0.13 x % —8w When higher stand-by output power is required, it

Comment :

- at Psg = Pspmax) , C3 capacitor (pin3) is slowly
charged and the voltage on pin 3 will reach the
protection threshold value (3V typ.) and the
SMPS is shut down.

is possible to add a network on pin 10, which
modifies the shape of the VLF oscillator saw-tooth
and increase the T1/T2 ratio.

The burst duration "T1" is not modified, only the
VLF oscillator period "T2" is shorter, which will
increase the available stand-by output power.

Figure 17
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N av

r w
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I11.6 - Start-up

111.6.1 - Start-up resistor

Upon initial system start-up, the mains filtering
capacitor is charged through the rectifier diode
bridge.

Figure 18

The voltage across the device power supply capac-
itor (pin 16) is low and less than the "Vec(sTarT)"
value. The TEA2164 is therefore in low consump-
tion state. The supply voltage capacitor "C1s" be-
gins charging through a high value (100kQ) resistor
"RstarT" connected to the rectified mains voltage.

“o
o—

f—
1L

Vin

Ccie |
(220pF) T

lcc(starn

RSTART
(100kQ)

Vce

TEA 2164

1 |GND

91AN2164-18

- The capacitor charge up time is given by :

Veestarn X Cip
V
~ lcc(sTaRT

tcHARGE =

RsTart

9x220x 107
310
100 x 1072

=0.85s

tcHARGE =
—(0.8x107%)

At minimum mains voltage level : tcHarGE = 1.2s
- The power dissipated within "RsTarT" resistor is :

_ V- Vo)
RstaRT
:13(1)8 133 =0.9W (P = 1.4W at Mains max level)

An application variant is when the start up resistor
is directly connected to non-rectified mains.

In this case and in order to obtain an identical
start-up time, the value of "Rstart" resistor must
be divided by . The power dissipation is thus
reduced by approximately 30%.

111.6.2 - Self-supply

As soon as the voltage on pin 16 reaches the
Vce(star) level of 9V, the TEA2164 will start-up
and deliver the base drive pulses to the switching
transistor at internal oscillator frequency (set by
Rosc and Cosc). The duty cycle of these pulses
gradually increases (soft-start). During this cycle of
operation, the device does not receive any control

18/30
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pulse from the secondary controller circuit and
therefore operates in "Burst mode".

The start-up will correcty take place if the device is
rapidly self-supplied, that is, before the voltage
across the supply capacitor on pin 16 falls below
Vce(stop) threshold.

The TEA2164 is supplied by two distinct secondary
windings, one connected in flyback and the other
in forward configuration.

The forward voltage will rapidly provide the supply
required by TEA2164 whereas the flyback voltage
will begin rising slowly and depends on various
secondary time constants.

Main advantage of the flyback voltage is that it
provides a regulated supply voltage proportional to
the secondary voltages.

A +12V voltage has been selected for device power
supply at nominal mains voltage level. A lower
value such as +10V can be selected which will also
reduce the power dissipation. Note however that
since the overvoltage protection threshold is inter-
nally set at +15V, then the lower is the supply
voltage level the greater will become threshold
margin.

At nominal mains voltage, the forward voltage
value is selected to be 1V below the flyback voltage
value so that, the supply voltage at maximum
mains voltage, will not rise much above its nominal
value (and will remain below 15V threshold level).

11.6.3 - Secondary controller circuit start-up
After a time interval required for the secondary

SON
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power supply capacitors to charge up, the second-
ary-connected regulation controller circuit will be
powered and as soon as its supply voltage "Vcc"
reaches the "Vcestarn" level, it will begin deliver-
ing regulation and synchronization pulses. The
TEA2164 will receive these pulses and will conse-
quently switch from "Burst Mode" to "Normal Mode"
synchronized and regulated by the secondary con-
troller circuit.

The secondary controller circuits (TEA2028,
TEA2029 and TEA5170) have a "soft-start" func-
tion. This system allows better transition when
switching from stand-by mode to normal mode.
The TEA2028 and TEA2029 controllers have no
"tonminy” function, and for this reason, it is neces-
sary to choose lower voltage in stand-by mode than
in normal mode. Otherwise, switching from stand-
by mode to normal mode will not be possible (sec-
ondary controller circuit will not issue regulation
pulses as long as the output voltage remains above
its nominal value).

The TEA5170 has a "tongminy" function, but it is also
recommended to choose the stand-by voltage
under the nominal value so as to avoid overvoltage
when switching from stand-by mode to normal
mode.

For further details on secondary controller circuits,

Figure 19

please refer to TEA5170 and TEA2028-TEA2029
Application Notes (AN407/0591).

111.7 - Protection features
l11.7.1 - Overload protection

The current limitation is set by resistor "Rs" as a
function "lcev1)" threshold, such that the power
transfer is limited at 150W. If the load connected to
secondary requires higher power, the current limi-
tation is activated and will limit the power transfer
by lowering the output voltage.

I11.7.2 - Short-circuit protection

In case of short-circuit, the secondary voltage falls
to zero and the time required for the transformer to
demagnetize becomes very long. The collector
current will no longer start at zero level but at the
final value of the preceding period. The current
value will rapidly reach "Icm1)" and then "lcmz)"
threshold levels.

Only the "lcmz)" threshold will disable the device
and switch it into "Burst Mode". The device will
re-start at the beginning of the following VLF oscil-
lator period. However, if the short-circuit still per-
sists, the "lcuz)" protection threshold is once again
activated.

Ic

fcmz)
COLLECTOR
CURRENT

"

C
(Burst Mode) n

—— TOSC ——

ﬂ - o t

91AN2164-19

111.7.3 - Repetitive overcurrent protection

Each time that "Icm1)" or "lcqve)" thresholds are
reached, an event counter will charge up the ca-
pacitor "C2" connected to pin 3. If the overload
persists, the voltage across capacitor will reach the
3V threshold level and TEA2164 is consequently
disabled (no power transfer to secondary will take
place).

To exit this protection mode, the mains voltage
must be disconnected during a time interval long

Lyy SESTHONSON

enough for all capacitors to fully discharge. The
system can re-start only once the capacitors have
been discharged.

Il.7.4 - Overvoltage protection

If an overvoltage (produced by improper adjust-
ment or failure) appears at secondary terminals,
the primary flyback voltage will rise and if the +15V
threshold level is reached, the TEA2164 is dis-
abled.
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An overvoltage would be also generated if the load
on secondary terminals is disconnected. In this
case, if the secondary controller device is not equi-
ped with tonmin) feature (TEA2028 , TEA2029), it
will stop sending the regulation pulses and the
TEA2164 will consequently enter into "Burst
Mode".

11L.8 - Oscillograms

Figure 20

10mV gﬁ,l 10xs

Figure 21

SReawnpsrre-
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If the secondary controller device has a "ton(MIN)"
function (TEA5170), the protection is performed at
the primary side by the +15V overvoltage threshold
level.

1-NORMAL MODE : Base Current

VpiN g« 1V/div
Mains : 220Vac
Ig : 1A/div Load :90W
Scale : 10us/div
Ic : 2A/div

2 - NORMAL MODE : Primary and Secondary Currents

I : 1A/div
Mains : 220Vac
Load :90W
Scale : 10ps/div
Is : 1A/div
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Figure 22

3 - NORMAL MODE : Collector-emitter Voltage

Vpine : 1V/div
Mains : 220Vac
}  Voe : 200V/div Load : 90W
Scale : 10us/div
Ig : 2A/div

r1 1omv 301 10xs

Figure 23

4 - NORMAL MODE : Current Limitation Voltage

Vpin 6 : 1V/div

a Y i
\ \ t Vein 11 : 0.5V/div Mains : 220Vac
Load :90W
N N
Scale : 10ps/div
\/ \/ Ic : 2A/div

- —

SO0mV 10mv 301 10xns

Figure 24

§ - NORMAL MODE : Oscillator Saw-tooth

J VpiN 6 : 1V/div
(4]

VpiN 8 : 1V/div .
Mains : 220Vac
-1.6v Load : 90W
Scale : 10ps/div
Ig : 2A/div

100myY  10mU Q1

21/30
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Figure 25

6 - NORMAL MODE : V+ Supply Voltage

Veine : 1V/div
~12V
) Mains : 220Vac
Ve 15 : 5V/div Load :90W
Scale : 10ps/div
t o : 2A/div
S00mV  10my 0.1 10us

7 - NORMAL MODE : Output Voltage

Veine : 1V/div
Mains : 220Vac
VpiN 14 © 2V/div Load :S0W
- osv Scale : 10ps/div
Ic : 2A/div

200mv  10mV 301 10ns

8- NORMAL MODE : Flyback and Forward Voltages
(TEA 2164 Power Supply)

VFORWARD : 5V/div
VELYBACK : SV/div

Mains : 220Vac
Load :90W

Scale : 10ps/div

S00my

22/30
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Figure 28

! 9 - NORMAL MODE : Transistor turn-off

Vce: 200V/div
Ic : 1A/div Mains : 220Vac
Load :90W
o Scale : 500ns/div

10 - NORMAL MODE : Saturation Voltage

N\ Is:0.5A/iv
[ , Mains : 220Vac
Load :90W
Scale : 2ps/div
/
o VGE(SAT) : 1V/div
100mV  10mU

Figure 30
11 - NORMAL MODE : Safe Operating Area

Mains : 220Vac
Load :80W

Ic : 0.5A/div

VF'E : 100V/div

23/30
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Figure 31

12 - STAND-BY MODE : VLLF Oscillator

VRN 10 : 1V/div
" Mains : 220Vac
N Y Load :3W
Scale : ms/div
¥ I :0.5A/div
o . . —0
‘100mV  10mY ’ y

Figure 32

Figure 33

13- STAND-BY MODE : One Burst

1

-0

14 - STAND-BY MODE : High Frequency Oscillator

24/30

288

L7 S THONSON

2V

> VpiN 10 : 1V/div

Mains : 220Vac
Load :3W

Scale : 500us/div

lc : 0.5A/div

b Vpin 10 & 1V/div

- 1.6V Mains : 220Vac
Load :3W
Scale : 10us/div
y lc:0.5A/div
— 0
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Figure 34

15 - START-UP SEQUENCE
u Start Mode
m Burst Mode
~12V = Normal Mode

VpiN 16 & 2V/div

Scale : 200ms/div

Ic : 1A/div

16 - OVERLOAD PROTECTION
(Pin 3)

Ig : 2A/div
L.0 \
=12V

VPN 16 : 5V/div Scale : 200ms/div

Vpin 3 : 2V/div
-0

Figure 36

47 » SHORT-CIRCUIT PROTECTION
{Pin 3)

Ig : 2A/div

=0 Scale : 50ms/div

Vein 3 - 2V/div

25/30
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IV - APPLICATION VARIANTS

V.1 All mains application

IA wide input voltage range application can be
configured around TEA 2164. We have built a
power supply delivering 90W output power at
mains input voltage range of 90Vac to 260Vac.
Difficulties encountered in such application are
given below :

- Very wide regulation range : if a discontinuous
mode flyback transformer is employed, the con-
duction time would be highly variable.

The "tonvax)" duration is determined as a func-
tion of maximum power output and the minimum
mains voltage level.
The "tongminy" duration is determined as a function
of minimum power output and the maximum
mains voltage level.

- Start-up at minimum mains level : appropriate
selection of start-up resistor and self-supply wind-
ings.

- Optimized switching transistor base drive and
appropriately dimentioned protection features to
operate over the whole mains voltage range :

both, the base current, and supply voltage values

and hence the self-supply windings, must be ap-

26/30
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propriately calculated.
FEATURES
- Discontinuous mode flyback SMPS
(Lp = 0.84mH)
- Standby function using the burst mode of
TEA2164
- Switching frequency :
» Normal mode : 15625 Hz (synchronized on hor-
izontal deflection frequency)
« Stand-by mode : 19 kHz
- Mains voltage range : 90 Vac to 260 Vac
- Mains power consumption :
* Normal mode : 110 W max
« Stand-by mode :
6.7W (at 110V)
9.8W (at 220V)
(without degaussing coil)
- Efficiency :
» Normal mode :
83% (at 110V)
80% (at 220V)
(measured with 86W output power)
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V Small signal primary ground
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Secondary ground (isolated from mains)
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Lp =0.84mH BY218
FUSE 2A . (13 »i > H1OV
J. 0.5A
100uF | | 33kQ
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IV.2 - 117 Volts application

Main Features : - Stand-by using the burst mode of TEA2164
- Discontinuous mode flyback SMPS (Lp = Comment :

O.G?mH) An optimization of the start up has permitted to
- Switching Frequency : 15.7kHz eliminate the need of the self-supply forward
- Mains Voltage Range : 90Vac to 140Vac winding and therefore to suppress some compo-
- Output Power : 90W nents.

Figure 38 : 117 Volts Application Diagram

—
<
o
z 34
< 2 =1
8 2 o (O]
L % Rs & g2
A I T—ﬂ A
s
OV =
H
g L 8d I::
8
L H] .
w w
g | § | ¢
°% B o
& B &
S & & o
8
2 g szrﬂ: J”a [|J
ga'ﬂ . 2 .ED . g
] z "'“E-
5% | — - p— R -[§ p—
i -|'___|J—«>
= R i ; .
gs
3 —
EH s g
< w =]
S g1 ¢ g
5 =
zy 2 IE
—{ 1 I—RN g ggl S
o
3
&
3

FUSE 2A

V  Small signal primary ground
7777 Power pnmary ground

3 Secondary ground (isolated from mains)

91AN2164-38
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IV.3 - Application without stand-by

The application arrangement is simplified if the tion on the primary side configured around pin 9

stand by function is not required : of TEA 2164, can be simplified.

- The "Master" circuit on the secondary side is - The value of "C1" capacitor connected to pin 10
permanently powered and as a consequence the of TEA 2164 used to set the burst period and
transistors used to cut its power supply are no therefore its duration, is increased (1LF or 2.2pF)
longer needed and can be eliminated. s0 as to enable full load system start-up as soon

- The feedback used for "stand-by" regulation func- as the first burst is available.

29/30
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- MICROELECTRONICS APPLICATION NOTE

TEA2037
HORIZONTAL & VERTICAL DEFLECTION CIRCUIT

By : B. D’HALLUIN
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I- INTRODUCTION

The TEA2037 is a horizontal and vertical deflection
circuit for monitors and black and white TV sets.

This device includes all functions required for de-
flection, namely :

- Line and frame sync separation
- Line oscillator with phase comparator

- Driver stage for line deflection darlington transis-
tor

- Frame oscillator

- Frame amplifier with flyback generator for direct
drive of the vertical deflection yoke.

The TEA2037 is particularly well-suited for low-cost

monitors since itis cased in a low-cost package and

requires a few number of external components and

hence optimized for small displays.

However, application areas are by no means lim-
ited. Sophisticated applications requiring various
adjustment possibilities such as for display geom-
etry and centering settings (amplitude, linearity,...)
and operating at different line and frame frequen-
cies (line frequencies up to 64kHz), are readily
configured around TEA2037.

In large screen applications, addition of a heatsink
mounted on TEA2037 will enable the vertical de-
flection yoke current to be boosted to 2A peak-to-
peak.

Figure 1 : Block Diagram

Il - FUNCTIONAL DESCRIPTION OF TEA 2037

Il.1 - General description

The TEA2037 is a 16-pin DIP package. The 4
center pins (2 on each side) are connected together
and used as heatsink.

From composite video or TTL-compatible sync.
signals, the device will extract and generate all
signals required for the line scanning darlington
transistor and direct drive of the frame yoke.

The following functional blocks are implemented
on-chip :

- Line and frame sync. separator

Line oscillator

- Line phase comparator

- Line output stage

- Frame oscillator

- Frame ampilifier

- Frame flyback generator

- Shunt regulator

The common device power supply is implemented
by the on-chip shunt regulator.

In order to optimize the drive to frame deflection
yoke and also enable appropriate use of the flyback
generator, the frame amplifier is powered by an
independent supply.

The ground is connected to the 4 center pins of the
device.

FRAME
OSCILLATOR

FRAMESYNC | |
SEPARATOR

1d
TN
il
L]
e 2 3
FLYBACK 8
GENERATOR 1
YOKE
[e
PHASE LINE ouTPuT
DETECTOR | | oSCILLATOR STAGE L

91AN2037-01
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Pin description Figure 3
1 Frame Oscillator 4 A
2 Vcez (Flyback generator power supply) ]
3 Flyback generator output . g t
4,5 | Ground 0 LI tme eapsy I
6 Frame feed-back (frame amplifier inverting
input) s
7 Vcez (positive power supply for frame output w
stage) .%
8 Frame output (direct drive to frame yoke) g 187
9 Line oscillator é 0 —'

10 Phase comparator output

1" Phase comparator input (line flyback)

14 Line output (drive to line darlington transistor)

15 Video input (or TTL-compatible sync.)

16 Vcei1 (shunt regulator)

Package

Batwing DIP16
(plastic package)

11.2 - Sync. pulse separator

The TEA2037 extracts, first the line and frame
sync. pulses from the composite video signal and
then the largest pulses, i.e., the frame syncs.

11.2.1 - Extraction of sync. pulses from the compos-
ite video signal (TV application).

Figure 2

VR LSt Ls2

R1
Video Input = -2

91AN2037-02

91AN2037-03

- The sync. detection level is set at 1.6 V.

- Thevalue of R2is typically 1 MQ (fixed for agood
internal bias).

- Resistor R1 limits the output current of pin 15.

Figure 4
|
|
|
Composite 15kQ 100 nF
Video " T I 1
220 pF 1Mo |
| TEA 2037
| IR,
91AN2037-04

As illustrated in the above Figure, it is recom-
mended to employ a low-pass filter which will sup-
press high-frequency harmonics susceptible to
produce jitters on line sync signal in composite
video TV applications.

11.2.2 - Negative TTL SYNC. (Monitor application)

Figure 5
|
I VR
:
TEA 2037
L ————-
TTL
Sync
91AN2037-05

‘77 SGS-THOMSON
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Figure 6 Figure 8
= g
m § | FTITTLRARAnnr
© S
£ g
& Ss
o 1.6+ J R 73 N _
= t Sy b TN Y
- - "7 .
> o> -
= A g
@ 5 91AN2037-08
=
-l . .
e 1.3 - Line oscillator
wn
z 167-- - Figure 9
oo
—1
91AN2037-06
VCC1

In monitor application, the sync. signal is generally
separated from the video signal.

In this case, the sync. signal is applied to pin 15
through a single limiting resistor. Similar to the
former case, the sync. is detected when the input
voltage falls below 1.6 V level.

11.2.3 - Frame sync. extraction
Figure 7

Q4

FS2

91AN2037-07

This function is processed internally and hence

does not require any external component. Line and

frame sync. pulses are distinguished by an inte-

grated capacitor which is more or less discharged

during each sync. pulse interval as follows :

- if the sync pulse duration is short, i.e. it is line
sync, then the capacitor is slightly discharged

- onthe other hand, if the pulse width is larger, the
capacitor is fully discharged and an internal
frame signal is thus generated.

417

TEA2037|
2z !
91AN2037-09
Figure 10
A
=
S 66
< VT
3
> 8.2
= | :
& 5 i -t
__ Line | I
Period

91AN2037-10
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The line saw-tooth is generated by charging an
external capacitor on pin 9 via a resistor connected
to Vce1 (pin 16).

The capacitor is discharged via an internal 1.4 kQ
resistor. The saw-tooth amplitude is set by two
on-chip threshold levels :

- lower threshold : 3.2 V

- higher threshold : 6.6 V

The free-running period is approximately given by
the following relationship :

Tosc = 0.85 RC

The phase comparator will modify the capacitor
charge by injecting a positive or negative current

Figure 11

so as to produce correct phase and frequency
relationships with respect to the synchronization
signal.

11.4 - Line output stage

The line output stage has been designed for direct
base drive of the horizontal scanning darlington
transistor.

The low level interval on pin 14, i.e. the power line
transistor blocking period, is determined by the time
when the voltage of the line oscillator capacitor (pin
9) is below 4.8 V (internally set threshold level). In
a typical application, this interval corresponds to
22us at 64ps free-running period.

PP vl Vel Line
’ "Line Yoke
Saw-tooth |
|
I
|
!
|
| R1:470Q C:22yF
_____ Ty R2:100Q D : 1N4148
R3:47Q T:BU184
91AN2037-11
Figure 12 1.5 - Phase comparator (PLL)
11.5.1 - Functional description
o6 A ; The duty of phase comparator is to synchronize the
PINOVOLTAGE , Pl horizontal scannjng with the Iin}a sync puls_e and
\ 30 ensure correct line flyback during the horizontal
| ' -t blanking phase.
22 s Figure 13
PIN14 VOLTAGE
64 us
Visay) -t /_/—‘/'\\
Video Signal
DARLINGTON
Vee : i
t |
|
)\ |
—» {1
YOKE CURRENT I 5 7 \l/ - } Line Fiyback
91AN2037-12 91AN2037-13
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The line flyback signal (i.e. the pulse on the collec-
tor of the line scanning transistor) is compared with
the line sync. signal issued by sync. separator. If
the detected coincidence is incorrect, the compa-

11.5.2 - Phase comparator operation

rator will then generate an appropriate positive or
negative current so as to charge or discharge the
line oscillator capacitor thereby providing for fre-
quency and phase locking.

Figure 14
Virot)
Line |
Oscillator
91AN2037-14
Figure 15 The comparator input stage is formed by the differ-
ential pair T1 and T2. T3 and T4 transistors are
arranged in current mirror configuration and thus :
FlLlne i3=li2

yback The sum of currents going through T1 and T2
transistors is determined by the current generator

"I"so that : | = i1+ i2.
Sawtooth __ _ __ [::-v i The comparator output current is the difference

(pin 11) \/ (reh current through the differential pair, i.e. :
iout =2 - i1
, ]
Intemnal l ! I The comparator is enabled by T5 transistor only
Line sync Pulse during the line sync. interval.
Transistor T6 inhibits the phase comparison during
Output current l the frame sync. interval.
{pin 10) | During the first portion of the flyback, the voltage at
comparator input (pin 11) is lower than the refer-
91AN2037-15

The line flyback signal goes through integrator
network R1C1 the output of which, a saw-tooth
signal, is applied to comparator input (pin 11) via
capacitor C2.

6/17
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ence voltage. T1 is off and T2 conducts ; conse-
quently the comparator output goes positive :

| iour= +1

During the second portion, the input voltage ex-
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ceeds the reference voltage and as a result, the
comparator ouput falls to negative level :

iour= -1

If the line flyback is in retard with respect to the
horizontal sync. pulse (which is the case of too long
line periods), the interval for which the phase
comparator’s output current is positive would in-

Figure 16

crease. This current is then filtered and applied to
the line oscillator capacitor (C5) thereby accelerat-
ing its charge-up phase and hence reducing theline
period.

Inverse action takes place if the line flyback is in
advance - the negative current at comparator’s
output will rise, C5 is charged more slowly and the
line period is thus increased.

Line Flyback

Saw-tooth
(pin 11)

Internal
Line sync Pulse

I Output Current

1
1

—=======- Ve

Il

1
1

J (Bin 10)
THE LINE FLYBACK IN RETARD THE LINE FLYBACK IN ADVANCE
WITH RESPECT TO THE LINE SYNC PULSE WITH RESPECT TO THE LINE SYNC PULSE
91AN2037-16
11.5.3 - Output filter
Figure 17 Figure 18
A
- ,
] | = |
| | = II
| | 3l
I G Ca % | Y
T T T w N
: % | 72
I FILTER | FREQUENCY
91AN2037-17 91AN2037-18
o1 Sz f,=_R3+R4
1= or (R3+R4) C3 2= 27R3C3 3= 2rR3R4C4
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The duty of the output filter is to ensure the stability
of the locked loop and its characteristics will have
a partial influence on capture range and also on
capture time.
The holding range, which is larger than the capture
range, depends on the ratio of the current available
at the comparator output and the charging current
of the line oscillator. The holding range does not
depend directly on the cut-off frequencies of the
output filter. But, as the voltage range at the com-
parator output is limited, a too high value for R4 will
limit the holding range.
The sync. pulse duration has significant influence
on capture range and also on the holding range of
the device. The output current duration is directly
related to synchronization pulse width.
- First the R5 x C5 product is selected to yield the
required free-running line oscillator frequency.
- Then, the value of C5 capacitor is selected as
follows :
« for monitor applications (large holding range)
low value; e.g. :2.2 nF @ 16 kHz,
1 nF @ 32 kHz
« for TV applications
higher value; e.g. : 4.7 nF @ 16 kHz
- Finally, the filter components are selected to
match the required capture range.
(R4 < 100 kQ to prevent comparator output
saturation)

1.6 - Frame oscillator

Similar to line oscillator, the frame saw-tooth is
generated by charging an external capacitor on
pin 1 through a resistor connected to Vcci.

Figure 19

Veet

===
: TEA 2037

Figure 20
)
prr °
@ 31 T3
g A /I/L}_ 3
SR —— H
> Frame free-running
z period . -
H
B
8 34 g
5 T
g2 £
=
£ ! t
. 1
o § i !
Huw -—
eI Sync Period
2 .
91AN2037-20

The capacitor is discharged via an internal 500 Q
resistor. The saw-tooth amplitude is set at two
on-chip threshold levels.

The free-running period is approximately given by :

| Tosc ~0.15 RC

Synchronization is achieved by period reduction.
The frame sync. pulse issued by the sync. separa-
tor will modify the current through the resistor
bridge which is used to set the saw-tooth threshold
levels.

The minimum synchronized frame period (MSFP)
is given by :

Tosc
MSFP = T

IL.7 - Frame output amplifier

The frame saw-tooth generated by frame oscillator
is firstinverted (Gain : - 0.4) and then applied to the
non-inverting input of the frame amplifier. The out-
put current capability of this amplifier is as high as
+ 1A thus enabling to drive vertical deflection yokes
requiring 2A peak-to-peak.

As a function of dissipated power, the device may
require the addition of a heatsink.

Afeed-back loop is connected to the inverting input
of the frame amplifier (pin 6).

As the CRT screen is not part of a sphere centered
on the deflection center point, if the yoke is actually
driven by a saw-tooth waveform, the image is
expanded at the top and bottom. The yoke must

Fra';!e_l— therefore be provided with an "S" waveform cur-
Sync rent, by applying linearity correction.
Pulse The circuit configuration depicted above does not
91AN2037-19 require any linearity adjustment - only an amplitude
8/17
Ly7 25 THOMSON
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Figure 21

Frame
Saw-tooth

== G

P R1

Rs

91AN2037-21

Figure 22
Es
¥
&= t
w
«é\%
3 '
NI
S t
w
B Nd

91AN2037-22

adjustment potentiometer "P" has been provided

for.

- D.C.Feedback : The C1 capacitor is charged to
approximately 1/2 x Vcca. Divider bridge formed
by R2 + R4 and R5 networks will set the d.c.
feedback. The component values of this divider
network will be choosen to avoid saturation at
top and bottom of the output voltage. (pin 6
biasing voltage is approximately 0.6 V)

- Linearity Correction : A parabolic signal at
frame frequency is available on "+" terminal of
the C1 capacitor. This signal is integrated by R2,
C2 network. An "S" waveform is thus obtained,
which is applied to pin 6 via resistor R4.

Any correction to this "S" waveform depends on
C1 and C2 values. The linearity correction de-
pends on ratio : R2/R4

- Vertical Amplitude : Frame current amplitude
is determined by the value of measurement
resistor "R1", potentiometer "P" settings and the
value of "R5" resistor.

11.8 - Frame flyback generator

The output stage of the vertical amplifier includes
a-frame flyback generator connected to pin 3.
During the vertical scanning flyback time, the value
of the yoke inductance "L" must be taken into
account since the time constant L/R is no longer
negligible. In television applications, the frame
blanking time is 1.6 ms. Thus when L/R>1.6x 107,
itis necessary to increase the supply voltage to the
frame output amplifier so as to reduce the flyback
time. This surplus is required only for the frame
flyback and energy is wasted by boosting the sup-
ply to the amplifier at all times (during the frame
scanning time, the minimum voltage is substan-
tially RI, where | is peak-to-peak frame current).
The configuration of the flyback generator is de-
picted in Figure below :

Figure 23

91AN2037-23

During the second half of the vertical scanning
time, transistor T2 conducts and capacitor C is
chargedto Ve through D1, D2, R3 and T2. (Switch
K open)

On flyback, switch K closes and pin 3 is connected
to Vcc. The voltage at pin 7 (Vccz), which was
equal to Vcc - Vb1, is almost doubled during the
flyback time. The only external components re-
quired are therefore D1, D2 and C.

In addition to reducing the flyback time, the flyback
generator reduces the power consumed by the
power stage, and can in certain cases avoid the

£37 SCS-THOMSON onz
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Figure 24
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need to use a heatsink.

Diode D2 is a low-signal diode (1N4148) but diode
D1 must be appropriately rated since the positive
current in the first part of the saw-tooth is supplied
to the yoke through D1 and T1. A 1N4001 is gen-
erally used.

1.9 - The shunt regulator

The TEA2037 incorporates an internal shunt regu-
lator which delivers the common supply voltage
Vcc to various blocks such as oscillators, compa-
rator, sync separator and so on.

The voltage on pin 16 is 9.7 V (9 V min, 10.5 V
max). The value of the series resistor R must be so
calculated to obtain a 15 mA current on pin 16 - this

Figure 25

Vee

Veet

91AN2037-25

current can be 10 mA min. and 20 mA max.

The external current supply from Vcet to both
oscillators (i.e. line and frame) can be neglected in
majority of cases.

The resistor value is found to be 1.2 kQ at
Vce = +28V.

AtVcc =+12V, and taking into account the voltage
tolerance on pin 16, a 150 Q series resistor must
be used.

10/17 \
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1.10 - Thermal considerations

In order to ensure reliable device operation, the
dissipated power should be accurately determined.
Calculation will allow an evaluation of the dissi-
pated power and should be completed by package
temperature measurements in actual applications.
According to results obtained, a heatsink may or
may not be required.

m Power drawn from Vcc1 supply :

P1=Vecci. It T

Where |1 is the current through the shunt regulator
(pin 16)

m Power drawn from Vcca supply :

P2 = Vcc2 (IP?P + Ig)

Where :

- Ipp = peak-to-peak current through the vertical
deflection yoke.

- |2 = Pin 7 quiescent current.

- Vcee = Pin 7 voltage.

W Power dissipated in deflection yoke and the
measurement resistor :

2,
Py=(Ry+ Rm)'—1929

Where :
- Ry = Frame deflection yoke resistance

- Rm = Measurement resistor value

Thus, the overall power dissipated in the integrated
circuit is :

| Po=P1+P2-Py ‘

2
Pp= [Vcc1-l1] + [Vccz [I%E + |2J] - [(Rv +Rwm) %%E]

In application using the flyback generator, the Vioce
specified above becomes "Vccz - Vb", where Vp is
the voltage drop across the series diode.

OMSON
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Figure 26

Figure 27
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lli - APPLICATION EXAMPLES

1IL.1 - Monitor applications
111.1.1 - Low-cost monitor (French Minitel Type)

CHARACTERISTICS

- Screen : 9" Monochrome

- Frame deflection yoke : 72 mH, 40 Q,
220 mA peak-to-peak

- Vce = + 25 V without flyback generator

- Frame flyback time : 1.2 ms

- Vertical frequency : 50 Hz (20 ms)

- Vertical free-running period : 24.5 ms

- Horizontal frequency : 15 625 Hz

- Capture range : +5us

- Holding range : £10us

- Input signal : composite video

- Dissipated power : 1.15 W

- Only one adjustment : vertical amplitude

Figure 28
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100 Q@
Vertical 470
Amplitude
Adjust
5 Q Line
Veet i t-l" g
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- This is a low-cost application used in French
Minitel type configurations and requires mini-
mum number of additional components and ad-
justments. The input is a composite video signal
at line frequency = 15 625 Hz and frame fre-
quency of 50 Hz.

- The free-running horizontal frequency is deter-
mined by the component values of RC network
on pin 9. Since no adjustment is available, pre-
cision components must be used to ensure cor-
rect synchronization :

[R =35.7kQ, 1% and C = 2.2nF,
2% for fy = 15 625Hz]

The capture range is large enough to compensate

for possible variations.

- Synchronization range of the vertical oscillator is
quite large which consequently allows use of
less accurate components :

| [R =910k, 5% and C = 180 nF, 5 %] |

- Since the frame flyback time is short enough at
supply voltage used here, the flyback generator
is not used in this application.

Figure 29

Il.1.2 - Monitor with geometry and frequency ad-
justments

CHARACTERISTICS

- Screen : 12" Colour

- Frame deflection yoke : 18 mH, 10Q,

500 mA peak-to-peak

Vce = + 12V with flyback generator
Frame flyback time : 0.7 ms
Vertical frequency : 50/60 Hz

- Vertical free-running period : 23 ms

(adjustable)

Horizontal frequency : 15.7 kHz
(adjustable)

Capture range : = +5us

Holding range : =10us

Input signal : negative TTL sync (line + frame)
Dissipated power : 0.9 W
Adjustments :

« Vertical amplitude

« Vertical linearity

« Vertical frequency

« Horizontal frequency

» Horizontal phase-shift

¥ 1N4002

47 uF
-

P1 : Vertical Amplitude
P2 : Vertical Lineanty
P3 : Vertical Frequency

P4 : Horizontal Frequency
Ps : Horizontal Shift

1-2-3 switching : Vertical Position

1N4148 100 nF
> 1

Line
Flyback

Frame Yoke 250 Vee
18mH,10Q

18kQ 100kQ 180 kQ 330 Q
T o B

2
8
E
T
i
4
N
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111.1.3 - High frequency monitor

CHARACTERISTICS
- Screen : 14" Colour
- Frame deflection yoke : 11 mH, 7 Q,
750 mA peak-to-peak
- Vce = + 14 V with flyback generator
- Frame flyback time : 0.6 ms
- Vertical frequency : 72 Hz
- Vertical free-running period : 16 ms (adjustable)

Figure 30

Horizontal frequency : 35 kHz (adjustable)
Line flyback time : 5.5ps

Capture range : 5ps (@sync pulse = 4.7us) -
Input signal : negative TTL sync (line + frame)
Dissipated power : 1.4 W (heatsink required)
Adjustments :

« Vertical amplitude

« Vertical linearity

« Vertical frequency

* Horizontal frequency
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S
o
o
o
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P1 : Vertical Amplitude
P2 : Vertical Linearity
P3 : Vertical Frequency
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1.2 - Black & white TV application

CHARACTERISTICS
- Screen : 20" B & W 110°

- Capture range : £2 ps
- Holding range : £4.5 us

- Frame yoke : 30mH, 120, 850mA peak-to-peak - \NPUt signal : composite video

- Vce = + 24 V with flyback generator
- Frame flyback time : 1ms

- Vertical frequency : 50Hz

- Vertical free-running period : 24.5 ms

- Dissipated power : 2.3 W
(10°C/W - heatsink required)
- Adjustments :
« Vertical amplitude
* Vertical linearity

- Horizontal frequency : 15 625 Hz (adjustable) « Horizontal frequency
Figure 31
‘,‘J—nl . P1 : Vertical Amplitude
et ™ P2 : Vertical Linearity
Voo r 1R Veer S Pa: Horizontal Fi
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1 Frame Blanking
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'
L]
180 nF,
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14
1N4148
22Q
Frame Yoke
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n
I = . P2
Bka ==470 pF
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— 1000 E‘ e

2'2,.”'F |) Line
L 1
Veor J; 470 1N4148
91AN2037-31
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111.3 - Using composite TTL synchronization

Since the threshold level oninput pin 15 is internally
set at 1.6 V, the device can directly accept TTL
signals.

However, a series resistor is required to limit the
current sunk by the on-chip transistor (pin 15).

Figure 32
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|
|
LT
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If composite sync signal is not available, line and
frame sync signals can be recombined at circuit
input as illustrated below.

Figure 33

Line Syne
Input

"u_—u—’—*w o]

LTEA 2037

-0 =i
Frama Sync
Input
91AN2037-33
Figure 34 : Application example
W 2
1
Frame Sync 300 LTEA:O:‘I

Input —l I— »——;a"F —— —

47k

Note : Specified component values are purely theo-
retical and must be calculated to meet specific appli-
cation requirements.

such case, efficient synchronization can be
achieved by differentiating the signal so that it will
behave as a signal of only few lines duration which
is the condition required for appropriate frame and
line sync separation and also a picture without flag
effect.

Ill.4 - Direct frame synchronization

The vertical scanning can be directly synchronized
by the frame oscillator (pin 1) and without any need
of using the synchronization input (pin 15).

Figure 35 illustrates an example :

In this case, only the line sync pulse is applied to
pin 15.

Figure 35

Negative
Line Syne

91AN2037-35

lll.5 - Constant amplitude 50/60 Hz switching
In applications requiring 50/60 Hz standard switch-
ing feature, the arrangement shown below allows
to maintain the amplitude of the oscillator saw-
tooth (pin 1) constant thus yielding uniform vertical
scanning.

Figure 36

Veet

60 Hz
Amplitude Adjust

91AN2037-34 TEA 2087
This arrangement is particularly interesting in ap-
plications where the available signals differ from | om%a
those commonly used. An example is the case ;
where the frame signal is of quite long duration o1AN2037-36
(sometimes as long as frame blanking period). In
37 S5S:THOMSON 1517
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Figure 37 Figure 39
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. - . L Figure 40
A practical application configuration is illustrated gu
below. s
Figure 38 g 66 -
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>
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1l.7 - Starting the TEA2037 from a +6V power
50 Hz : T conducts suppl
60 Hz : T turned-off pply
91AN2037-38

111.6 - Modifying the line output duration

The line output pulse duration is determined by two
internally set threshold levels. This interval can be
altered by modifying the charge current of the line
oscillator (pin 9)

Figure 41

Theline oscillator of TEA2037 is capable of starting
at a low supply voltage (< 6V). The period of
oscillation is practically the same as at nominal
operation. It is thus possible to initiate the line
scanning at a reduced supply voltage (e.g. +6V)
and then supply the overall configuration by the
power available on the line transformer.

EHT
+25V TRANSFORMER

+6V ... +12V

POWER |
SUPPLY

EHT

TEA 2037

LINE
YOKE

91AN2037-41
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IV - DESIGN CONSIDERATIONS

IV.1 - Precautions for interlaced scanning

The links interconnecting the ground terminals
of Vcc and Vcc1 power supplies, as well as those
of device decoupling capacitors, must be kept to
as short as possible

A high value decoupling capacitor can be used
for Vce supply, provided that a good quality low
series resistance capacitor is employed. Inter-
lacing is very sensitive to decoupling quality. The
value of the decoupling capacitor can vary from
22uF to 100pF.

The interconnecting links between the frame
oscillator capacitor, the line oscillator capacitor
and TEA2037 grounds must be kept to as short
as possible.

Perfect line and frame synchronization is achieved
by observing the above guidelines and recommen-
dations.

IV.2 - Printed circuit board layout

The usual precautions observed in design of TV

Ly_l SGS-THOMSON

timebase pc boards must be employed

The line output stage handles high amounts of
voltage and current. Components employed
must therefore be appropriately rated, the width
of and the clearance between the wiring tracks
should be carefully selected. All connections
must be as short as possible and all signals at
the line frequency gathered at this section.

The supply to the frame scanning section of the
circuit must not be influenced by the horizontal
scanning function, particularly when interlaced
scanning is used.

Generally speaking, interactions on the pc board
between the high-gain/low-level and the high-
current sections of the output stages must be
minimized by as much as possible.
Asindicated in previous chapters, the four center
pins of the device must be earthed. The pad used
for this purpose must be as large as possible
since it acts as the heatsink for the device. A
cruciform pad underlying the circuit should be
employed.

There should be a single connection to the chas-
sis earth terminal.

1717
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