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Part ONE

Introduction

XAI have always. been attractéd by the 1idea of multichannel and
multidireofional information cdmmunication on the same path .
As an engineer working sinoce two yeafs‘ih the TV domain ,J
I wished to.see how such a system can be applied'to thé’television.
in the books concerning TV engineering time multiplexed video
systems are not mentioned , Big companies producing professional”TV
equipment such as Bosh-Fernseh , Ampex , Thomson ,RCA.-did hot include
:time multiplexers in their productibh list,
”This Project,provided me a good opportunity to work * on the
field of time multiplexihg and é& develop my knowledge about the
different aspects of the system . |

-

The prihciples of the time multiplexing are visible in the ;:
block diagrams of the sending and recelving ends. .
The way I had to fallow is determined by technologioal {iimi;
) - !

tations and the reétrictions _coming from the performance of the

devices .



Ja) Funotional description of the sending -é&dd o
This unit receives two different video signals and sends the
multiplexed signal .

The inputs and the outputs of the system should be compatible

~with standart video cable impedance ( 75£)) and insure a proper

‘

termination ofgfhe previous stages . .

On the receiving end , the two video input amplifiers are

I

arrenged to have good impedance matching . inpuf amplifiers provide

»

" a gain of 3-4 to compensate the attenuation of the cable and the

ingertion loss of the analog switoh,
Analog switches are controlled by ﬁl and ¢2 control pulses.,

They have a ?hase differance of 180o . So the analog switches are

switched ON and OF alternataly.When the analog switch 1 is ON , the
second switoh is OFF .

The ON resistance value of the switches varies from one to

- —

another . The amplifier of the channels present also small gain diff :

ferences due:toithe tolerances of the elements . To compensate the

differences balancing is necessary for each channel: ,

3

) !
A-seodnd amplification stage is designed to compensate the -

loss of'theraddéf and output buffer , This stage preemphesiges high

frequency side of the video spectrum to compensate the high frequency
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side of the video spectrum to compensate the high frequency losses

of the transmission cable between the sending end and the receiving
end , - ;

The output buffer consists of an emitter fallower wich matches. °
th;a output impedance to 750, and dlamps'the black level of the out going
video to O V . Double power supply (* 12V) is necessary for this stage

2 phase control voltage ( v, ) ;51 a.ndﬁ2 ~are generated by o . .
quartz controlled oscillator or by a H! / 2 pulse generator which takes

the horizontal pulse referance from the studio and h_a.lves the ‘frequen~

cy»to form ﬂl and 152 .



\ { | _
1 b ) Functional description of the receiving end .

The unit receives ths multiplé;ed Qideo signal and gives the ;
two video signals after demultiplexing . |

The incoming signal/is applied to the input amplifier wich is
similar to the input gmplifier of the sending end . This amplifier
feeds the analog switches . | » -

Thg.sampling~pulses are formed by a circqit which regerates

/fhg sampling pulses @ and pz _are again out of,phése,.

1

When H'/2 sampling is used (see H'/2 .circuit description )
the sampling pulses are regenerated from the sync of the incdming
signal or externally applied .

After proper timing , analog switch 1 is switched ON when

the informations coming from the first channel of the sending end
reach the output of the input amplifier .

The seme sequences are valide for the operation of the second

analog switch ., The channels are again balanced after +the switches

-

The channel amplifier realizes the final amplification ahd the fiﬂa15

frequency compensation around 3,5 - 4 VHz .

The least stage is a buffer to provide 1 Vpp standart Vi&go
3 ! i
on 750 load with proper clemping . The circuits of the second

channel are similar .



SAMPLED INPUT
/\'/ideo IN o AT
—3- ' .
l'z“)—_ﬂ. ; AHQKDS Ch@nnel{
B Switeh 2 Balance
)
- v
! 220~ Powrs. —— +42
— el SUPPLY —___.UI-
AC —?;r all Pavf\s
. ~42V.
Sam (’Li“cf’ ?;.sl.sc ¢ )
Sensor rulse gormcr \ 1
Y 9‘; . . ‘
. . o

T2

L sge "f,"";,ﬂ,,_ﬂ_':f‘s I S ';.r~"';”'».l.r.:k\:-ﬁ
Fig 3. Functional block diagram of the receiving end -



SENDING END

'I'nput Amplifier And Anslog Switches

The main problem is to match the impedanceff the incoming
video line (754) to the circuits and to provide gain to com-
pensate the insertion loss of the analog switches ( A.S. ) .

To have a:low impedanoe at the input = grc;unded base confi-

/

guration where the signal is applied to the emitter was preferred.

-~

Base voltage Vg=12 x 0,47 =I,57V VE:i,5 - 0,6=0,9V
1= 049 = 0,0ITI A = IL mA .535__—_’:2,269.
82 ’ . I1

ﬁg — equivalent of basse voltage divider

. 3,77
—_— _ © 412
Ry reflected to the emitter — ——=2,74 O

- (thy, = 150 ) - 150

~ /
”~
v

The diasgram of the input amplifier is given in figure 4. 3
The impedance that we see from A is ;2'2,74-?2,26//82:—.4,65_0_

So very low impedance is obtained . To insure a proper matching
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a resistor of 86 is placed in series to the input of the circuit.

+Vee

3G 33k
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~Fig 4 . Input amplifiei .
Td_keep ptﬁe band’ﬁidthforvideo signal one generelly sets
the gain of each individual staéé to value between I,5 and 4 .
(Ref Ia).
The elementgﬁeterming;ing the gain of this sé&ge are

shown in fig 6 .
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R, equivalent I57

= ~ 3

Re equivalent . 53

Voltage gain \szz

| T#e amplified signal that we have.at the oﬁtput (colleétor
of the fransistor) has a DC oomponent ., To clamp the bottom
of the sync to ground wé useva gimple clampiﬁngircuit (Ref 3 b)
The “ON" resigtanoe of the A.S, is ab%utﬁ 30011. So
8, good matching is established fx?om' the collector of Qr (3309)
to the A.S. (3009) ) | ,
‘The oﬁtput<pf the analogrswitohe should be terminated with
a resistor of I k£l for a p'r.oper operation of the switch ., For -

- loading resistors j>> I kQthe electrical charge accumulated -

in the switch during one period can not be discharged ( the out-

1

put can not sﬁing from the maximum positive value to the ground)
I kQis an optimum value for f— 8,3 MHz (sampling frequen&y)
In the technical sheet of I40I6 B the value of the optimum reéié—
bor was not specified .

5 k. variable resistor (in paralel with I kg load ) vié

for the compensation of the [xBon ..resistance of the A.S. of .?

each channel (sec fig 22 ) . The gain differance of the ampli-

fiers due to the element tolerances is alsc balanced with the same

resistor . .



2 Sending End Channel Amplifiers And Output Buffer .

. This board consists of fwo channel amplifiers for the éamled
video signals . ) SN
Each channsl amplifié: has two gain stages (TI y T2 ) .

T3 is an emitter fallower . The signals coming from-tﬁe amplifiers
are added on the resistors and then appliedwté_the basé;of ?4 .
T4 is ﬁhe output buffer .Because of the special form éf
the video signal , the veriable resistor Rv is to bg adjusted -
in ordef to have the emitte? of T4 exactly at ground potential:
Ih thié»oése the base potential of T4 is about 0,65V .)
Fig. 8 shows the coiponents of one-line positive video

signal .

~<hite level (700mV) i
Black leve Blanking level .
Syho~—%» BE | _
—3OOmVT

Fig.8 . One line positive video signal ., f

Blanking level corresponds to zero volts g synoronisation
pulse bottom to — 300 mV and maximum white level to4700 mV.ihus

using ‘I‘4 s proper oclamping of the +wvideo signal is done .
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The collector current of Ti is selected around I,6 mA .

‘The base voltage is VB ::____212___.1 II‘::I,435 v
' T 22- 3,3

(Assuming that we have I V drop on the resistor ..,B.g in series

with the $I2 V supply line ) I2-I= Il V=V__

| 0,835
VE.—_I,435 ~ 0,6=0,835V fE= =1,77 mA
T « £ 041 ‘
T : T
I 2
V,=9,2340,6=9,83 V r_ 159983 354
T T 0,33
. Y4=0,6) V .
Vo=3,54xI=3,54 V I (3,54-0,6) =3,58mA
T iy (0,82) ka
”ZI~IE+ L, _u.IE:8,89mA B
1 5,
1 ~1120-=R ]
8,89 10° ~ s

The gain of the first stage is i

' : lk//hfe .(h -+~RE ) ] ‘ ,
_ 2 1e2 2 B
K@lz-.: : , hf92=15o ;

‘b ie2 3 58 7 06
1e2 +Rps )=150 .(7, 06-#330 )51 kKL

her
1 fz/gl k =0,98 k<1



,98

= - - 2,085
5 0,47
1 ]

(%2> lk//(h Rm) o3 hie'3--2§——698n.

low freq, 2 3,58

(hi\93+ RE3)'hf92 = 150-(6,98 +820 )=124 ko

1 k//124k=0,98 3

(%)-_292 | xe, s gecamnomss

low freq ,0,33

Because of the trimmer capacitor shunting the eﬁitter resistor

of T  (3300) the gain of T, increases with frequency . The parai~

2 2
lel equivalent of 330Q and this oapacitor of 40 pF at 5 MHz is

&(ig )equi = 330 Zl - = ! S— =195

/ Cw  Co 07 %2x Tl x5x10°

for £=5MHz .

330x795
) —_— 2330
( ?E equi 3304795 7 ;
o 7992
SMHz 0,233 _ R i‘
log <KV2> MHz 20 log 1221 _ 3106 a3,
3

K
V2 low frq
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The timmer capacitor at the collector of T2’ is used o

compensate the loss of high frequeﬁcy éomppnents of the video
s8lgnal on the cirocuits and the cab;bs .
- Phe final stage transistor T4 has low output impedance ..
An additional resistor is placed in series with the load +to
realise good matching and +to évoid reflections frog the cable.
The iﬁéuts of the circuits are RC cogpied o The time cons=—

tant of the input circuit is selected in such a way that the

largest pulses (vertical pulses ) are passed without distortion.

\

Tey,
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X-tal Controlled Sampling Pulse 'Generator .

‘e

) ‘I‘1 is used as oscillator , The LC network placed at the colis.:

lector of Tl is tuned to the frequenoy of the quartz cristal(x—ﬁaﬁ
wich is placed-on a feedback path from the collector to the base .
A;. the frequency of the cristai fhe LC tank oircuit.has high impe-
dance and tﬁe circuit of Tl provides high gain . Thus at the col -

lector of Tl. we obtain a sinusoidal oscillation at the X-tal
frequency'. This frequency is the sampling frequency .7Due %o the
3caractéristics ofrthe analog sﬁitohea £ is selected as 8,3 MHz .
in the resonnance frequency of the LC network is shifted ffom X~-tal
ffequency +then the amplitude of the éscillations is reduced .

C should bé selecﬁe@ larger then the distriﬁuted capacitance
of the induotors (otherwise it will not have any adjusting effect)
C is selected afo;nd SOOpF and the value of the equivalent induc —

-

tance is

2 \4 LC - 2 .2 ’
: £7,4T1° C

RS

L— 1 1,22::10--6 He

(8,3x106)2x4x11§ 300 x 10712

L — 1,22, H,.
e
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The inductor is obtained with 20 turns of 0,1 mm wire on a

-

magnetic core of 5 mm diameter .Secondary side consists of 8 turns
of the same wire . So- n_ Nl - 8
' N, 20

— 0,4 . Thex transfer ratio

n is set to 0,4 to minimize the reflection of the capacitance
and inductance of the secondary side and to reduce +the influence
of the second stage to the lc collector load .The loss of voltage

due to low n is compensated by the gain of the second stage .

Fs

100Qresistor at the emitter provides negative feedback and

’

decreases the output voltagé but improves thermal stability .
T2 is used as a buffer amplifier . The LC oircuit of the
collector ia again tuned at x-tal frequency .

The voltege of the colle@tor of T. is applied to a voltage

2
divider ( ]lc/ 4,7«) mnot to give more than 5V to the input of theTTL,

C of 40 nf* is for the DC isolation of T from the divider

6

and is essentially short circuit at the frequency of the x-tal s -

-

2

1 1

—

¢“e>  40x10 7x 2xThS, 3x10°

I

0,479 -

;
-~

R 'v’. .1 .
_The signal is applied to the inverting gates of a TTL'hex-
inverter ( H 7404) to obtain two clock pulses /ﬁa, and /6; - The

characteristics of this IC are in Ref 6.
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The snalog switbhes are céntroned with ﬂl end 4, .The
propagation delay time of #he inve;ter is of the order of 10 ns,
ﬁ& is deleyed in an inductor to obtain an eiact phase.differance
of 180 © |

T3 is a voltage régulator to supply +5V to thg TTL diYiding
down +the positive voltage (412 V ) of the board .

R1 ’ R2 s C1 ’ 04/’ 07 form ametwork wio% removes the:
iripples of the + supply and prsvent RF oontaﬁinatiéﬁ of the cir:iw=i

cults connected to the same power supply .

The detalls of the tuned. circuits are in Ref 4 .
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Power Supply PS OI ,(‘PS 02 ~

§

-9

The anzlogy bhetween the sendiﬁg and recéiving ends‘allcwed
us to use the same power supply for both sides . The voltages.
required for the operation are 412 V)-—IZ Vv .

The circuit sholild supply IOOmA to the+I2 V line and I5mA
$o the—TI2 V line . —I2v ‘is used only for the emitter voltage of
the final‘stage transistor . ’

Since-#iZV supplies a large number of stages', the probébi&i
lity of failure is higher § a éhort‘circuit protection is added to
the circuit . i

A sténdart‘4W) 220 V / 2xI2 V transformer is used .The center
tap and bridgé rectifier configurétion is selected to obtain\@+)
and (+) voltages from the samé bridge .

.. These voltages are smouthed with electrolitic: . capacitors

of I0O0 W F and high frequency parasitic signals coming from mains_:

5
’

are filtered with ceramic capacitors of "O,I‘kF .

+I2 V side : The base of the Darlington configuration;(TI and
. 1

T2 ) receives the voltage of the collector of T o The emitter of

3

T3 is at a fixed potential because of the stabilized voltage of D,
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The voltage divider (34 , 36 ) wich determines the base.

9 Rs :

voltage of T, controls the output voltage. By setting the value

3

- of the variable resistor, T, is more or less conductive, Thus ,

3
the voltage of point D and consequently that of the output point”

-

are controlled .

Any drop of the output voltage makes T3 less conductive and

~

the vdltage of point D is increased .

R, of 2,350 (I W) is used for sensing the output current
of the power supply .

The currents supplied by the circuit are as indicated in

fig 1II , 4+ A2V
. 1 Iﬂ?}‘% | oad
AV
. Fig II. Currents of the power supply .

A maximum value of 270 mA is adopted for II .I2 is of the

order of I5 mA . So , II - 12::255 mA .

o~
v

3

voltage is applied to the base of T4 . And , when -the net current

The voltage across R, is U=0,255 x 2,35= 0,6 V . This i

reaches 255mA T4 is in conduction § the point D is groundedl via the

i od .
diode DI



The output voltage decreases to limit the ourrent .This

simple method of protection is useful- for cifcuits where the powef
. - . - /

‘does not exceed 4-5 Watts .

Negative power supply has no particularity . CI 9 02 are
ceramic capacitors used to remove high frequency noise components

N )

coming from circuits .

23.



~ Receiving End Main Board

The essential fgnctién of this board is demurltipl‘ex-
ing the incoming video signal.it amplifies the outp:.lt of
the anglog switches ., The ‘/circuit provides freqguency com=
Apensation ..&"rhe output is matched to 50 and the blanking
level of the video signal is cladpéd‘%ovo V.

Tfhe,input amplifier ¢ _is: operategl iltl com?r-xon ‘base
mode . Th’e.sig.nal is applied to the emitter and; the input
impedanée is watched f.o 75 . This staée has the same
characteristics as the input amplifier of the sending end
(Voltage gain = 3-4) B
The amp'lif'ied signatl is fed to the analog switche
~and to the sampling I;ulse sensor circuit vié. resistors
(RI'RQ’R; ) | |
7 The capacitor of 480 pF are used to remove high
frequency parasitic compor&_elnts(of the order of few hun-' )
dred kiz). that may be induced on the line . .

Since VA, S have low treshold Voltage eny para-".'

sitic pulsé can trigger them, So, resistors of‘?.s.bkn_aré

| shunting‘ the control inputs @ , ng to keep -them &t

ground potential when no voltage is applied.

a
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The output of the ALS. 1is properly terminated and

t

capacitive coupling is preferred. The capacitor 1is selec-

¢ s

_ted large enough (47YLF) to insure the transuission of the

lowest frequency signals ,(such as the fundamentals of th%
§yncroﬁisation,‘pglses) ..

| The output amplifier consists of Q2 y Q3 {-QQ is \
a pnp small signal transisfor,The collector load of th;s
trinsistor has. a resistor of Ik in'éeries.'withﬂ'a LC
circuit . The LC circuit is tuned to arfrequency_of 3;5;

4 ¥Hz to compensate the losses of the circuits at high

frequency side of the video spectrum .

i

1L
L .
g

‘ QT = F ok ELC
4oorp

Fig I3 . LC compensation network

- .- I00 pF= ¢+ distributed capacitance of the inductor.

26



- Consequently,

around 3,5-4 MHz . Q§

" The collector load varies as described below :

Co%izohr

| 1 | b :

I=eeo— = T2 -2
477 c 416.10°° 100.10

Li=1,6.10° = I,6nH

A

////T‘\\$\>“

Flg I4 Variation of 3
The gain. of Q2 is approximatively equal to :

S, - S

N 33—\4;\\41 ‘ ‘,j()

coll;load

eultt load

the gain exhlblts a waximum at a freguency

isualso a load for QQ ' but the ref-

lection o? t?e §m§tter lo?d of y is (Zcﬂ/REB)the)
7 =— = = 1000
c ) 1
O 2T140.10 12 4 10°
1000/470 — >3190 , let he,p, = I50 )

BANRS

l

_319x150 = 47,8 k
-7 reflected _

reflected
to base

to base

decreases wWith frequency but it has no



/appreciable,1nf1uencemon the gain veriation of QQ since

~-
*

it is much larger than (szv)

coliector
This stage with a specialwfréquency response is =
designed to compensate the frequency losses of the cicuits
and of the cable o
A variablé resistor is placed’acrosg_éhe LC netvwgk
(10 nF can be,éonsiaered as a short circuit elemenf,at
4 MHEZ .9) The variable resﬁ§tor is loading the LC éiQCuit
and danping the effective Q factor ,The'Variable.resistor
“is to be set accordiné to the emount of bésses at high fre-
quencies . | - |
n stis a pnﬁftransis%or W&ch. has frequency dependent
charagteriétics . .The emitter Toad varies between'470 and
:T131§ (%rimming capacitor shunts the emitter resistor of
Q3 ‘Whenf?ﬁe ffequency is high )So, the gain of'Q5 in-
creases with freguehcy. The ré;ultingrf;equency is:
‘ I . | 1 y I v
R= 470= = = =8, 4NHz
Cows Co2.T, £ 1010 122, L4700 ¢

L

‘The gain of G varies as in fig

”

28



5NHz  8iHz £

Fig I5 Characteristics of higﬁ‘frequengy compensatoi;

7

Q 1s the final stage for impedance *matbhing and
for fh: clamping of the blanking level to 0 V. . -
At the output a standart video signal is obtained,
The circ#iﬁs of the second channel &gre similar. |
|  in £his section' reference Ia is‘used for video
amplifie;s and ref.3b for ciamping. The deﬁails of .

-

the compensators are in ref, 4. .

-



Sampling Pulse Sensorvandnp; ’ Q; .Generator ,

~

This circﬁit consists of two LC séages tu#ed to the frequencyv;
df thé-sampling pulse . o y |
\ ‘Qi,and Q, are small éignal RF trgqsistorsr(BF294); inductiv;
coupiing is done between the f%;st and the second siage using RF

transformer Tl °
Ql i8”0parated in‘class A and Q2 in class B , The signai

/

obtained at the collector of Q2 is applied to the iﬁ#erters'tovform
¢1 ‘and‘ ¢2 °

The phase differance of ¢l and ¢2 is not exactly 180°. at
_the output of the inverters.There is a shift of 10 - 12 ns due to

the propagafon delay time of the signal in the inverting . ¢1 is

- fed to the gate of the AS via the inductor B

1o oompeﬁéate the

~

time error .

_ Negative supply voltage is not necesé;ry for the operation

. of the board ,+5 V for the TTL inverters ' is divided from the{lﬂfé?'
:7 supﬁi& using a volfagé regulator , ]
- In thé speotrum'of the incoming signql the sampling'pulsq?j ]
ﬁrequeﬁcy\is'present;fhe circuét selects this signal gnd amplifieé\

"it, Because of the problems described in the other sections this board

. | |
is not usedjit has been replaced by H/2 »generator circult .
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-4 ~ H/2 Control Pulse Generator

NS

~

Standart horizontal pulse KE) of the studio-is a negative
going pulse of 4 Vpp on 750) load. To insure a proper termina~

tion of the H output, the input resister of the circuit is selec~

-~

ted as 750 .

Q

19 Q2 and QB are used to change the voltage levels of B

pulse and to meke them TTL compatible. The differential éﬁplifia:
4 Q1 and ], ) shifts the bottom of the pulses to g?ound poten@iﬁl.
The waveform obtaiﬁed atlthe ?oint B ( after the voltage\dividéi;
Ry, RZ') is a positive éulseﬁbf 5 Vpp.‘The signai is applied to

Q3 which coperates ihggmitter follower m@de to’supply‘the pulses

N

to the TTL, counter.,

Only the first Flip~Flop of 7490 ( Decade counter ) is used

-

32

2\

to perform " divide by two " operation, This counter is triggered '

at the negative-going edge of the pulse.

The output of 7490 is used as the first control phase qglfi ;

) ‘ ’
gi is also applied to an inverting gate to form;{2 which is the

—

.control voltage of the second phase . Qi andﬂ2 are out of phase

/
>~

vy 180°.
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~ When ﬁi‘ is high ¢2 is low and vise versa qﬁl activates

/

the first channel , ﬂé\-activates the second channel,

4 - / l
+5 V supply voltage necessary for the TTL cirouits is ob -

N

tained from+12 V supply via a voltage regulator consisting of .
1 and o
Q4 Dzl | |

;\,This(board is used instead of the X-tal controlled sampling

-

pulse generator .

th : ' .
The sequences ofVEgntrol and the states of the-analog

switches are given in the following diagrem. . (F?giAED
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!

Characteristics of the Analog Switches (A.S,)
and ‘
Selection of the Sampling Pulss Frequenoy

=

te

The only analoé switche“(AS) avialable was MC 14016 quad.
analog switch/multiplexer o

The techical data\sﬁeet (fig é2) shows that the. switoh has
a corner freqﬁ;ncy ( ~3dB)point) near 20 MHz for the transmitted .
‘signal . Tho propagation delay tipe(vin to V.. ) for V=16V,
is given as 7 to 15 ns after +the establishment of the qontrol
voltage . .

Thé propagation delay time from Vcontrol ~ to vout is

20-45 ns . These values are for the transmission of a constant DD
. level applied to the input ,As a result of the measurements I obser

served that high frequency signal are delayed (l.S‘times more)

-

milch longer than yhe DC componenss of the signal . This islbringing‘

.

a phage distortion (chroma — lumina delay ) for the Qomposite o

video signal,which contains components from DC up 0 5 MAz ., ?

A sampling frequency of 8,3 MHz 6oriespond§_to a sampling, Y

, o v A

time of L — 60,24 ns . The switch should be activated i
8,3x10 x2 ‘ .

only during one alternance of the period .

According to the data sheet, in the test measurements for

~



- - , S KY
the "delay time" and " turn-no time" (fig 23) a control voltage

with 20 ns rise time is used . NO information is given about the

capacitance of the control input , but it is olear that this value

K
18

is not vé;y small,As a matter of faét, in thé circuits deéigne&‘
for driving the Qpntrol.inputs , the control inputs»aere reacting
as a load having a capacitive part which wés causi;é._a decreage
of the s}gpe of the rising edge of the control pulse .

Pigure 24 indioates the var;ation of-the inser#ion loss (dﬁ)

of the AS with load resistance . When the AS is terminated high -

resistive load ( such as M~ 100 kO.) there is no lossg but/inl

pu

this cass, at high control frequencies the charge accumulated'fn the
switch can no} be removed completely .,The ouiput of +the AS can not

swing properly between vin and ground potenti;l.l observed that to

insure - a complete discharge the load resistor should be around 1K

Such a}ow resistor increases the insertion loss of the A.S..(—ZdB);

-

This loss is compensated by;the;amplifiers of the succesive ampli--

fication stages .

My first approach was to select 60 ns as sempling time'(20ns
for rise time, 20 ns for max value of the pulse. and 20 ns fof‘thé'
fall time ). 60 ns correspnds to £= 1 _9,== 8,33 MHz

: 60x2x10 :

I used a quarts cristai of 8,3 Hz to generate -.the control pulses ,



-

The analog switch has a quite low trshold voltage; as Vc
reaches 1V it starts to conduct ;ﬁhen two switches are operated

. F
for multiplexing purposes we 'meet another problem bHecause of the
rise times of ¢; and‘ﬁz. They have the fallowing shapes

7

\jo A

IV 4
3023'

407» iy
<

. T
Fig 19 ¢ Sampling pulses shape_.

o - ’
During ‘C both of the switches are slightly conducting .,

To overcome thi§'diffiCulty I had the zdea of clamping the bottom

of the‘pﬁlses to & negative voltage and thus the common part of

the two-signals was minimized .

) i ¢i . N Y cr
- % g0 g
N : ) Wr 1 ' . t

“ : %) cbmf\e&.'

. _ 1
SIZ +43

~42

Fig 20 3 Clamping of the sampling pulses .
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ses to the conduction channel at high ‘clock frequencies even with

The same clemping is used for ﬁé_;

Another disturbing factor is the ingertion of the clock pules

/

grounded input , _ - , T~

RCN resistance of the AS changes from Mega ohms-to 300 awhen

A varies .. from O V to Vo s .This variation is not very abrupts
g '

especially at the negative’going edge of the pulse the resistance o3

of the chanmel increases as VC deceases,This fact brings,additional

delay for'the high frequencies , The deiays are not negligibile when
N : -

they are compared with the multiplexing time .’

Because of the diffusion of the informations of AS into the

1

informations of A82 in time , it is not possible to recognise them

completely at the receiving end even after an accurate time compen-—

sation of the regenerated sampling  pulse .

Especially , high‘fréaﬁency components coming from the sharp

—

-edges Of the picture are appearing as peaks on the other channel .

This interaction of the two channels is a serious disturbing‘factorof
To minimize this effect ’ the sampling frequency is lowered to 1,2 M“@J

' L

5,950 MHz and 4,8 MHz ,The effect of the interaction deoreased gra- i
dually but remained in al innactable'rgnge o

. As the essential idea is to send two pictures simultaneously

on the same video path without using frequency multiplexingI. had
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SWITCHING CHARACTERISTICS® (C|_ - 50 pF, Ta =25°C)

!

- Max
voo | T aL [ cuee
"Characteristic ) N Figure | Symbol Vdc All Types Dgvice | Device Unit
Fropegstion Delay Time {Vgg = 0 Vde} 7- tALH. 50 16 30 45 ns
Vin 19 Vgut tPHL 10 70 10 16
“IVg = Vpp, R = 1.0kN) . - ) 15 6.0 15 12
Controf to Output 8 6.0 34 60 20 ns
Vi < 10 Vde, R = 1.0 ki) 10 20 30 45
; S - 15 15 23 a8
1 | Croutalk, Controt to Output (Vgg = 0 Vdcl 9 - 5.0 30 - -~ mv
: Ve = VpD. Rip = 1.0 ki1, Rgyy = 10 k1) ~ 10 50 - -
1. ) A 15 100 - -
H ! Crotstalk batween any two switches {(Vgg = 0 Vdcl}~ - - 5.0 -80 - - d8
3 IR =10k, = 10MHz,
Ly Vount
fx »
cromstatk = 20 log 10 Voo
Waxurum Control Input Pulss Fraquency {(Vgg = 0 Vdc) - - 6.0 50 * {. - - MHz
(Fig = 1.0k} : 10 10 - -
i ' 15 12 - -
j Moize Voltuge (Vgg = 0 Vdc) 10,11 - 6.0 24 - - aV//Cycle
i lvg~Vpp.! - 100 Hi) 10 25 - -
b 157 30 - - *
! Ve =Vpo.! - 100 kHz) 50 12 - -
3 10 12 - -~
16 15 - -~
; BaeWaw (Distortion) (Vgg = -5 Vael - - 8.0 0.18 - - %
L Win = 1.77 Vdc BMS Ceaterza @ 0.0 Vde,
VL= 10 A1, f = 1.0 ks .
craovon Lost Ve 2 Vo, Vi = 177 Vde, Vgg = ~6 Vde, 12 - 60 d8
ol centered « (U Ve, £ * 7.0 MHz) .
{ - v . "
: 2.3 - . -
: e . 0.2 - -
Yo e100k0) ) 0.1 - -
VR~ 1omn) , 0.06 - -
| sandwidth (=3 aB) 12,13 aw 5.0 MHz
{ Yo~ Vpo.Vin= 1.77 Vdc, Vgg = -6 Vdc, )
N RIS contered @ 0.0 Vuc)
[N S0 £4 - -
10 w0} QQ - -
n3xi 3 - =
AL 33 C - - }
" Vgg = —5 Wicl L S 50 ’ " kHz
[ W+ Vgs. 20 logyg Yout ~ ~50 dB)
| Vin C
e tokny Loz - -
L AR =10kA) 1494 , -
YL R =100 k) it - -
L (R = 1.0M0) . 4 .- -

“The formula is for the typlcal characturistics uajy.

TYPICAL Rgp versus INPUT VOLTAGE

FIGURE 4 - Vg« -8 0VAND 75V ‘
100 T T
. AL= 1010 —
800 - TA = 250C
;i 300 —
bsf
E 400 Y¢ = Vop = 5.0 Ve
g Vss - -8.0 Vde
= e N
b N
P R B s
£
X VG Vpp« 1.8 Ve
& . Vsg = -1.5 Ve :
100
0 B
-0 -390 40 0 40 .30 10

Vin. INPUT VOLTAGE (V)

I3
t

RON. DX~ RESISTAHCE (oheg

To0
t0a
$00
400
300

200

FIGURE 8 — Vgg =0V

Veg = 0 vde
- RL= 10k
TA=25°C e
V¢ = Voo = 10 Vde
s el -
vl ~
Mo
Mo S Vg -vop - 1§ Vi
0 20 (3] 10 " N

Via. INPUT VOLTAGE (Vec}
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ELECTRICAL CHARA(TERISTIFS

IR A fe T
) o Yob Tiow' 26°¢C. Thigh
Charecteriztiys Figarg| Svmyei| Vap | Bip | Mex JMin| Tvp | Max [ Min | Max | Unht
Input Voltsges ] Vi | 89 - - - 15 0.9 - - Vde
Controf tnput 10 - - - 156 08 - -
16 - - - 15 0.9 - -
V[” 80 |- ~ - 2.0 30, - - - Vde
10 - - 8.0 8.0 - - -
) i6 - ~ 1 1| - - -
tnput Current (AL Devicel Cantrol - ILQ. 15 - £0.1 - iO,QMOI 0.1 - $1,0 | sAdc
Input Current {CL/CP Devics) Control - lin 15 - 203 ~ | *0.00001{ 20.3 - 210 | sAdc
input Capscitance . - C'h pF
Control - - - - 6.0 - - -
Switch Input - - - - 6.0 - - -
Switch Output - - - - B.0 - - -
Feed Through - - —_ - 0.2 - —- -
Qulescent Current (AL Device) 3 oo 6.0 - 0.26 - 0.0006 {0.26 - 75 | mAdc
{Per Packoge) 10 - 0.50 - 0.0010 | 0.60 - ‘18
. 16 - 1.00 - 0.0016 | 1.00 - 30
Quisscent Current (CL/CP Devics) 3 oo 8.0 - 1.0 - 0.0006 1.0 - 7.5 | sAdc
{Par Packsge) - 10| - 20 | ~| oooto |20 | -~ 16 1
15 - 4.0 - 0.0016 4.0 - 30
“ON’* Resistance (AL Device) 45,6 RoN Ohms
(Vg =Vpp. Ry ~10kN) . -
{Viq = +6.0 Vdc) 6.0 - 600 - 300 660 - 860
{Vin = —5.0 Vdc) Vgg = -6 Vdc - - 600 - 300 660 - 660
{(Vin = £0.25 Vdc) - 600 - 280 660 - 960 .
(Vin~+7.6 th_:) {.S - 360 - 240 400 - 600
{Vin = =7.5 Vdc} Vgg = ~7.5 Vde - 360 | - 240 400 - 600
(Vi = £0.25 Vdc) - 360 - 180 400 | - 600
(Vin = +10 Vdc} P . . 10} - 600 - 260 660 - S60
(Vin = +0.26 Vdc} VSS -0 Vdc - 600 - 310 660 - 960 d
(Vi ~ +5.6 Vdcl) . - 600 - 310 660 - 2960
+ (Vi = +16 Vde) Nooas = Lo | - 260 1400 | - | 600
© Vi ~ #0.25 Vdc) Vgg = 0 Vde - 360 - 260 400 - 600
{(Vin = +8.3 Vde) - 360 K 300 400 - 600
“ON"* Resistance (CLAP Devical 450 RON - m. Ohms
(Ve = Vpp. RL = 10k ' ) ’
{Vin = +6.0 Vde) 5.0 - 610 - 300 660 - 840
(Vo = ~6.0 Vdc) Vgg = —B Vde - 610 - 300 660 - 840
(Vin = $0.26 Vdc} ! - €10 - 280 66Q - - B4O
- AVija~ ' +7.5 Vde) 7.8 e 370 - 240" 400 - 5620
(Viq = ~7.5 Vde) Vgg = =7.5 Vde  + - | 370 | - 240 [400 | = | 620
{Viq = £0.25 Vdc) - 370 - 180 400 |, - 520
{Vin = +10 Vdc) 10 -} 60 | - 260 | 660 [ — | 840
{Vin = +0.26 Vdc) Vgs = 0 Vdc - - 810 - 260 660 - 840
{Vjn = +6.6 Vdc) - 810 - 310 660 - 840
{Vin = +16 Vde) 18 - | 30 | ~ 260 |400 | - | 520
(Vin = +0.25 Vdc) Vgg = 0 Vdc . - 370 - 260 O 400 - 620
{Vin = +8.3 Vdc) - j30 |- 300 | 400 | -~ 520 ]
4"DN' Reslstance - ARoN | Chms
Between any 2 circults in a common
package B
(vc = Vpp! ‘
{Vin = 15.0 Vdc) Vgg = —B Vdc 50 | - - - 18 - - -
(Vin = 175 Vdc} Vgg = ~7.6 Vdo 7.6 - - - 10 ] - - -
Input/Output Leakage Current (Ve = Vgs) - - nAdc
(Vip = 6.0, Ve = ~56.0 Vdc) 6.0 - $125 -~ +0.001 (£126 - - ;
{Vin = ~5.0, Voyy ~ +6.0 Vdc) 50 | — | t1125 | — | :0001 J:126 |- — - |
Vjn = +7.5, Vo = ~7.6 Vdc) 75 — | 280 | — [ :0.0016 [:250 | - - -~
(Vin = =75, Vot = +7.6 Vdc) 7.8 ~ | t260 | — | 200015 {2250 | — ~ |

M

*Tiow = —55°C for AL Device, —40°C for CL/CP Device.
“Thigh = +125°C for AL Device, +85°C for CL/CP Devics,
#input Voltege Specified ss the voitage roqulr-d nt the Control fnput
for & 10 sA currant through the tranemisiion gate wlth »n Input-to-
output stress of Vpp—Vss for VIL u\d V|H. ’

NOTE: All unused control inputs must be returned to Vpp or Vgg &1

Fig 22 .

sppropeiste for the circuit spplication,

41
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the idea of doing that at the beginning of each line , Thus , only
1 of the llnes of a pic{ure are sent The vertical detail is reduoed
> ) ) ° _

~e

 but the picture is still visible and there is no interaction between

2y

the channels o 3I2,5 lines of plcture A and other 312 »D 11nes(

of the picture of of channel B are active .

As the AS ;é in ON position during 1 ho:izontal‘line périod
(64Fg ) the‘frequenc& band wid%h<i§'h6t limited ;.all the details of
the line are transmitted.Thé'éelay hés no disturbing effect since tie
times involved now ére qf thé order of r_s « Twé consecutive infbf-
matiqns are separaﬁed”by thevhorizoﬁtal ?lanking interval of 4,5Vs e
- which is very large\ wiﬁh'respéct to-the»delays ( 10-30 ns )

' The ON resistance (R ) of the analog switch depends onithe
control §oltage.but varies'also with the amplitude of.the incqming
signal . Fig_zi‘illgstréfgs the variation of R, with Vi .

' Ebr;\vDD=sVC =10. ¥ BGN varies %iom 2700 to 320 Q. We can say -\
“that R =295025q.
R
ZlRQN = 0,084 . ;
ON 7

T

TPhe variation of RON with ViN introduces an amglitude

‘distortion, 2 nonlinearity of the video signal (max luminance

.o 7
distortion of 8,4 /6 -
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in T engineering it is desirable to have linear circuits

gbwever ?his isinotialwéys possible . Té overcome the nonlinearity
correction cifbuits (jéuch as 5 cof;ectoés) gré in;erted gll along
the video pafﬁ~} Sinéé the ;yétem will be used only for monitoring
purpésesniAégd not for B;oaACasting')ﬂihis amount of monlinearity

is acceptable . '7' - S .

Consequences of the characteristics of the AS 3

it can be used as a single high seed sampling gate where the

sdméléd gignal dqés‘not ohange'appreciabbly during the sampling

. period ', This switch can be used as the :.Switching-: element for

video trick mixers.

o

it is suitable for multiplexed telephone switch board inter

junction circuits . But , it can not be used for high speed video i

‘

muitiplexing becaesuse of the delays .



Part. Three

[l

-,

Results And Application,Areas

The original idea was to send two video signal in the same

ffequenoy spectrum .Thus , the frequency multiplexing diviéion methode

was rejected .In this case the only solution was %o use time multip-
clexing division .
The most elegant appliocation would be high speed sampling and

multiplexing j3 the characteristics of the analog switches were not

N

satisfactory .
According to the sampling theorem the sampling frequencyés

should satisfy :

fS 7/ 2Xfmax

"fﬁax is the highest frequency componentfthaz ane wishes 10 have

in the speotrum after sampling , As the video information contains

components up to S5MHz fs should be 10 MHz..Baoause_of the faétors

-

explained in the AS characteristics section fs was selected to be 4f
8,3 Mz , accepting a decrease of amplitude of SMHz components .;

'

But , asa a reéesult of the problems mentioned in the previous settions
) B . N ) § L }

a switching at horizontal line frequency is adopted .

A

In thid sampling method only half of the lines are sent; the

vertical resolution is deceased, The picture‘has less vertical detail
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byt hoiizontal wise iﬁ has the complete‘speotrumvfrom very low frequene
cies to S5¥MHz ,The two piétures arthrop;rly sqpérated $ no inter aétion
' exists,
.This ficture is oertginly'not for broadcaéting purpoges but it o=
can be used in seyeral aféas H
a) In a professional TV studio the cameras afe»oonnected to the
oeﬁ¥ral commend unif (ccu) via a“cablé which cqntains. cénduct;rs
for the DC 1remote controls and coaxial roabiés for pulses,and vidéb
siggals .One of thevcéaxialrcables brings back the compdéite vide6
to the viqﬁfindef of the camera . As there is only one’returﬁ vidéo
pafh the cameraman see only the picture‘of his ucamerab.‘When special
effeofs are used the, cameraman wishes to see the output of the ﬁixer
to adjust properly the relat%ve position of his camera . This system4
.can be inserted in the camera and in the CCU allowing the-cameraman
to see ( to select ) the two pictures .
The horizéntél pulse exists in the cameranhead as well as in
CCU .Th;s brings-an additional %acility.for syncronisation of the
SendingJand receiying ends, 12 V supply voltages also are géneraily;

o~

present in the camera units. So the system can be reduced to onef%oard

—_— t ’

which -can be inserted in the camera units .‘

b ) To control large indué%rialrcomplexes , -closed circuit TV

(CCTV) is widely used ;Cheap'vidicon cameras are prefered for CCTV

N
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The multiplexed signal can be sent by radio link and demultip—
lexed at the output of the Teceiver .
" The multiplexed signal can be recorded on Video Tape Recorder

. (VIR) . Since only the video above the black level (BA) is switched

the syncronisation pulses are present at the multiplexed outputs no

syncronisation  problem oocurs for the control track of the VIR ..

e

The multiplexing operation can be bypassed‘ by eppling continuous “

.DC to one of the4control phase on both ends ,

7
P .



4)

5)

.6)

1)

‘turn on delay times .

References :

/

Engineering Staff of Texas ihstruments Inc. Tfansistor-

~

P.253 o

-

47

cirouit design j Mo Graw Hill., Wideband or video amplifiers

Motorola j High_speéd switching +transistor, handbook j -

k'

Taub , Millman ; Pulse , digital and switching waveférms,

Mc Graw Hill 1965 3

‘

b)Clamping and switohing circuits p. 271

d)Sampliﬁg gates ‘p. 627 666 .

Prof, Dr; Duran Leblebici § Elektronik Devreleri Sentezi
ITU 1978 § Akortlu kuvvetlendiriciler P 9 1 .

Dog . Dr., Erdal Panayirci § Mddiilasyon teorisi jFaz ve .-

gecikme distorsiyomu 3IT0 1978 5 p 56 .

17

N a)Synsrozizaticn erd frequsncy division 2. T

Texas.Ih‘struments 3 Intfegra_ted. circuits . 740447490

Motorola C MOS § .Semiconductor Data library .

1



	Tez4033001
	Tez4033002
	Tez4033003
	Tez4033004
	Tez4033005
	Tez4033006
	Tez4033007
	Tez4033008
	Tez4033009
	Tez4033010
	Tez4033011
	Tez4033012
	Tez4033013
	Tez4033014
	Tez4033015
	Tez4033016
	Tez4033017
	Tez4033018
	Tez4033019
	Tez4033020
	Tez4033021
	Tez4033022
	Tez4033023
	Tez4033024
	Tez4033025
	Tez4033026
	Tez4033027
	Tez4033028
	Tez4033029
	Tez4033030
	Tez4033031
	Tez4033032
	Tez4033033
	Tez4033034
	Tez4033035
	Tez4033036
	Tez4033037
	Tez4033038
	Tez4033039
	Tez4033040
	Tez4033041
	Tez4033042
	Tez4033043
	Tez4033044
	Tez4033045
	Tez4033046
	Tez4033047
	Tez4033048
	Tez4033049
	Tez4033050
	Tez4033051

