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TECHNICAL NOTE

TDA9102C SELECTION vs HORIZONTAL DUTY CYCLE

By Michel GUILLIEN
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I. INTRODUCTION work.

The TDA9102C is a horizontal and vertical deflec-
tion processor particularly well suited for high end
monitors.

One of the key parameters is the very low jitter of
the horizontal deflection processor.

The horizontal duty cycle is the ratio between the
time during which the line switching transistor re-
ceives an off command and the line period.

As the monitors are using more and more various
and higherline frequencies, this duty cycle must be
well adaptedto the actual application.

The following pages show how to calculate the min
and max duty cycle forwhichtypical application can
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For the rare cases where the TDA9102C do not fit
to the used diagram, a simple applicationis given,
both to increase or to decrease the device duty
cycle. It isanyway important to note that the expe-
rience shown that in most of the case, when the
TDA9102C does not fit the application, it is be-
cause of too low value. Consequently, mainly the
application to increase the duty cycle will be used.

Nota Bene :

For aquick overview afloppy disk is available using
the formulas given here-after and allowing to find
at once the right application.

For starting the program, just type "9102"

1/8
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Il. DUTY CYLE CALCULATION

Figure 1
4 Line Flyback
Line Deflection / \
Current \ 5 ‘ Ip1 . T
TDA9102 Line Output
l (Pin7) ;
3 ty :
[ 1 : ! ;
0 t1 t2 t3 t4 t5 t6
Flyback —= ' Trace Time :
" Period T _‘
[1.1. Duty Min. guency used in the monitor :

- When the output of the line processor turns low,
it takes a time t1, before the line switching tran-
sistor actually turns off.

- Thenittakes atime ti=to - t; forthe currentin line
yoke to invert (fly back time)

- As soon as the flyback is finished, the line tran-
sistor may be turned on again, although it will
actually conduct only when the line current be-
comes positive (at ta).

Thus the minimum off time tq is :
td min = t1 max + tf max

Since the duty cycle is defined as% where T is the

line period : dmin = (t1 max + tf max) f where f :.—T_

So the worst case for dmin is at the highest fre-
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(1)

dmin = fmax (t1 max + tf max)

tr is usually well know by the designer ; shortening
trislimited by the switching transistor T1 breakdown
voltage.

t1 is the delay between the command for switching
off the line transistor T1 and its actual switching.
In diagram 1 and 2, t1 is the recovery time tr1 of T1

In diagram 3, t1 is the recovery time tr1 of T1 added
to the turn on time to2 of transistor T».

So:
dmin = fmax (tr1 max + tf max) 2
for diagram 1 and 2
dmin = fmax (tr1 max * to2 max + tf max 3)

for diagram 3
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Diagram 1 : Direct Drive 11.2. Duty Max.

Refering to Fig 1, the line switching transistor T1
must be turned on before t4, that is to say before
the current becomes positive.
Since it takes a time ty for T1 to turn on, the
command, that is to say the positive going edge of
Pin 7 must arrive at a time t3 <ts - to.
t4 would be in the middle of the trace time, at
to+1g
2
Since the negative part of the current (from t2 to
to+1s
2
while the positive part is drawing energy from it, the
latter must be greater. The consequenceis that t4
arrives before the first half of the trace time, say at

Diagram 2 : Transformer Drive ta=ty +§ (ts—t2)

Vs

TDA9102

, if no energy was lost.

) is giving energy back to the power supply

e

——
s
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Vs t4=t2+E(T—tf)
2
k < 1is an inefficiency factor.
This sets the maximum allowable off timetz to :

k 0
tdmax:hmax:51+tf+5+(-r—tf)_tomin[l
D1 0 in
. t

Since the duty cycleis d :?d =fu

TDA9102

LT e R k k D
dmax:§+§[tl+tf(1_z)_to] 5{] 4)

n
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. ] . For applications 1 and 2, t1 =tr (T1 turn-off time),
Diagram 3 : Indirect Drive to = to1 (T1 turn-ontime)

Since for any transistor t > to and sincek < 1, the
coefficient of fis always positive.

Therefore, the worst cas is :

k k O
TDA9102 dmax= E + fin Srl min * & min ( 1- E ) — tor maxO
. U )

D1 for applications 1 and 2

For application 3, t =ty1 +to2 (T1 turn-offtime + T2

turn-ontime) and to =to1 + tr2 (T1 turn-ontime + T2
T turn-off time)

S Normally T isa larger transistorworking ata higher

current than T, so that t1 + to2 > to1 + tr2 and the

coefficient of fin (4) is positive.

9102009.EPS
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In this case :

k k ad
dmax= E + fin Srl min + to2 min + trmin (1 - E) = to1 max — tr2 max(J
O Lhin (6)

for application 3

However is T2 is a very cheap transistor versus T1, the said coefficientmay be negative ; inthis case :

k k ad
dmax= E - fmax 801 max + tr2 max — tfmin( 1- E) = tr2 min — to2 minJ
0 Lihin )

for application 3 with tr1 +to2 + 1 (1 - g) —to1—t2<0

Note that in the general case dmax Worst case is g

This shows that for high frequency application, where equations (2) and (3) show that the duty cycle can
not be too small, k needs to be as high as possible. This is why it can be interesting to derive the EHT

power from a system independant from the deflection one, even for a single frequency terminal.

[1.3. Typical Limits
Using (2) or (3) and (5) or (6), the allowable limits can be drawnas in Fig 2 :

Figure 2
Duty Cycle
Fixed
Duty Cycle
Range
o
fmin. f max. f

Example :

using diagram 1, with

tr1 = 2us + 0.5us, to1 = 0.5us, fmin= 31.5kHz, fmax= 56kH, k= 0.95, t= 2us + 0.2 us

yields to : (2):dmin = 56x10°x (2.5+2.2) x107®

0.26 (26 %)

(5):dmax _ 095
2

0.53 (53 %)

0.

31.5 x 103% +1.8x (1~ 35) - 0.5Bx 1078
0 0
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In this case, TDA9102C (35 to 44 %) can be used.

At 78kHz dmin would be 36.2 %. Thus TDA9102C
would still fit the application.

In such applications where it looks safer to center
the selected device duty cycle in the allowable duty
cycle range, paragraphs Il and IV show a way to
increase (resp. decrease) the duty cycle of a
TDA9102C.

I11. APPLICATION DIAGRAM FOR INCREASING
THE DUTY CYCLE OF ATDA9102C

This application is needed when the minimum duty
cycle of the selected TDA 9102C can be lower than
the minimum allowable duty cycle of the applica-
tion. The latter being proportionnal to f max, the
calculations must be done at this max frequency.

I1.1. Standard application

Figure 3

Figure 4
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During rise time t, acurrent I, is charging C2. This
currentis the image of the current driven from Pin 1
by R1 :

_ VR
T 2R;

When the voltage on pin 2 reaches a threshold Vo,
a switch is activated so that the capacitor C2 is
discharged by a current 411 — I1 = 3l1. The fall time
tr ends when the threshold value V1 is reached.

Thus:

l1

V2 -V

T, =2 VR R1 Co
v2-Vi R G
Tr=2 2 27122
f VR 3
_8Va-Vi
3 Vm R1 Co (8)

The offtime td is used to define the duty cycle as :
td

?

The off time is the time during which Pin 7 is low.

AV is a fixed voltage difference which determines
td.

duty cycle =

_ v
td = Ve Ri1 C2 (9)
Mixing (8) and (9) yieldsto :
_L4 . ,
AV = T3 (V2 -V1) (9

I11.2.1. Modified Application
Figure 5
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Figure 6

During rise time, a constant voltage drop I'1Ro is
added to the voltage accross C». During fall time,

-3I1 Rg is added.
Thus the voltage step is 4l Ro =2 Ro %
1

The new period can be derived from formula (8),
provided the voltage threshold difference V2 — V1

is decreasedby 2 Roﬁ

R1
Hence :
Ro
Vo-Vi-2—-V
P8 TR (10)
= 3 VR <1 L2
The off time tq is straight foreward :
_ 20V
tq = Vr R1C (11)

111.1.2. Components Calculation in Modified
Application

111.1.2.1. R'1 CALCULATION
C2 is assumed to be constant.

Equation (Il) shows that fixing a duty cycle, or an
off timety yields to a mandatory R1. Then equation
(10) gives the adequate Ro value for the given
frequency. However the datasheet does not pro-

vide AV value, but provides% in standard applica-

tion (see formula (9)).

Introducing these known parameters in equation
(I) yields to :

6/8
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, _8(M2a-Vi) W,
td—gV—RT R]_CZ (12)

3
R1=3 (13)

Ve T
Co (V2—-V1) W

tg

T : device duty cycle, t'q : needed off time

111.1.2.2. Ro CALCULATION
Using (10) :
3. VR

8 T R1C2

Rov, v, v, _ 3+ VR
2 R1 VR=V2-\a 8T R1C2
_V2-ViR1 3T
Ro = —_— -

VR 2 16Cy

(Replacing R1 by (13))

3T

16C, f

—\, —\; — 2 RO
=V2-Vi-25" Vi

Ro =

(14)

|

111.1.3. Summury

Whenthe minimum duty cycIeLTd ofyour application

is higher than the minimum duty cycle% of the

chosen device, use the modified application of
Fig.5, calculating R1 from (13) and R, from (14).

Chose the actual values for Ro and R’, so that a
safety marginis allowed for componenttolerances.

IV. APPLICATION DIAGRAM FOR DECREASING
THEDUTY CYCLE

This application is used when the max duty cycle
of TDA9102C can be higherthan the max allowable
duty cycle of the application. The latter being pro-
portional to fmax, the calculation is to be made at
fmin.

IV.1. Standard Application: please refer to § IlI

_8Va-V1

T=3 T R1C» (8)
_2AV

td——VR R; Co (9)
_d ,

AV—T3(V2 V1) 9)
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IV.1.1. Modified Application
Figure 7

Figure 8

A
Y

When the off time t'd starts, pin 7 is low so that Ro
drives an additional current from pin 1, thus in-
creasing the slope on Co.

If Vp is the sum of the saturation voltage on pin 7
and the voltage drop across the diode D, the addi-
VR - VD

tional currentis : lo=————
Ro

9102015.EPS
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Since the current charging C: is half the current
driven from pin 1, the offtime is :

{ = 20V C;
Ve, Ve~ Vo (15)
R1 Ro
using (97 :
(=8l (V2 -Vp) Co
d 3T VR, VR-Vo (16)
R1 Ro

IV.1.2 Component Calculation of the Modified
Application (Fig.5)

definitions:
td . device off time
(normalapplication)
d= t?d device duty cycle
t'd needed off time
(modified application)
T . line period (modified application)
d= EI_—? needed duty cycle
Vs=V2-V1 : voltage swing at pin 2 (4V)
VR . voltage at pin 1 (3.5V)
V'R =VR - VD : voltage across Ro during off time
(=2.5V)
(16) can be rewritten as :
4 _§ d Vs Co
"3 VR, W (7)
_ + —_
R1 Ro

and (9') as (9”) AV = %st

a second equation is necessaryto derive both Ry
and Ro.

It is given by calculating the line period T" :
Refering to Fig.6 :
T =(tr-tg) +tq +t

Vs - AV 8 dVs C2 Vs Co
=——Co+— +
VR 3 VR +E 3 VR
2R’1 R1 Ro 2R1
718
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, ., 2R _4 4 st C Co Vs
@) o T = Vi %2Vs 3dV302+3 Rl 3 E
0 VR Ro .
_8Vs a
"3 VR Rlczgl d+1+ﬁ&5
0 Ve Rofj
_8 VsGC Cz VR R1 O
=3 VR 5. d+(@-d VR Ro dg
R’y Ro
) oT -“‘H+(1 Dy Rl Ry=3 T (=d) Ve (20)
0[] 8 C2 (1-d) Vs
Td V'R R
g =1rA-dyr VkR Ro using (18) :
d V'R R1 o, d@-d Ve
= - Ro=Rq| —— 7/~ =~
g 1FA-DY Ry 0TI Td=d) Wr
VR_Vr_d-d _3T (1-d)d'Vr
Ro R1d (-0 (18) Ro=gC2 d-d) Vs (1)
replacingin (17) :
tg=8 dVs Co V. CONCLUSION
3 VR H d-d O
R_’1 + d(1- d)D If your maximum allowable duty cycle d’ is lower
D’ ’ O than the max duty cycle d of the TDA9102C use
_8VsGR1d (1-d) application of Fig.5, calculating R'1 and Rofrom (20)
3 VR (1-d) and (21).
3 ta(l-d)V, The TDA9102C can be used in virttually all monitor
Rp=2 9= "7/ YR (19) application even though the horizontal duty cycle
8Cod(1-d)Vs is basically fixed.
ta This together with the very good jitter figure and all
asd = T DC controll explainsthe great succes of this device.
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