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Part ONE 

Introduction 

I have always been attracted by the ~dea of multiohannel and 

multidireotional information oommunication on the same path • 

As an engineer working sinoe two years in the TV domain , 

I wished to see hov{ suoh a system oan be applied to the television. 

in the books concerning TV engineering time muitiplexed video 

systems are not mentioned • Big companies producing professional 'TV 

equipment suoh as Bosh-Fernseh , Ampex, Thomson ,RCA--did not include 

time multiplexers in their production list. 

This Projeot provided me a good opportunity to work on the 

field of time multiplexing and ttb develop my knowledge about the 

different aspeots of the system • 

The principles of the time multiplexing are visible in the 
" 

blook diagrams of the sending and reoeiving ends " 

I-" -The way I had to fallow is determined by technologioal ,'limi:'" 
I 

tations and the restrictions coming from the performance of the 

devices • 
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1 a) Funotional description of .t.he sending ,.end ~ 

This unit receives two different video signals and sends the 

multiplexed s~l • 
~. 

The inputs and the outputs of the system should be compatible 

-, with standart video cable impedance ( 75.0) and insure a proper 

termination of the previous stages • 
-t.~ 

On the receiving end , the two video input amplifiers are 

arrenged to have good impedance m~tohing • input amplifiers provide 

. a gain of 3-4 to compensate the attenuation of the oable arid the 

insertion loss of the analog switoh. 

Analog switohes are controlled by ¢l and ¢2 control pulses. 

They have a phase differanoe of 180
0 

• So the analog switches are 
.-

switched ON and OF alternata1y~When the analog switch 1 is ON , the 

second switoh is OFF • 

The ON resistance value of the svdtches varies from one to 

another • The amplifier of the channels present also small gain dif~ 

ferences due to.' tb.e tolerances of the elements • To compensate the 

differences balancing is necessary for each channel: • 

A seoond amplification stage is designed to compensate the ~!_-:-

loss of the adder and output buffer • This stage preemphesizes high 

freQuenoy side of the video spectrum to oompensate 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 fall ower wich matches. ~ 

the output impedance to 15.0. and clamps the black level of the out going 

video to 0 V 0 Double power supply (±12V) is necessary for this stage 

2 phase control voltage (V ) 
c 

are generated by::· .. 

quartz controlled oscillator or by a HI/2 puls.e generator which takes 

the horizontal pulse referance from the studio and halves the'frequen-

cy to form.%l and 532 • 

_ . . ' 
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1 b ) Functional description of the receiving end • 

The unit receives the multiplexed video signal and gives the 

two video signals after demul tiplei:i1:1g. • 

/ 

The incoming signal is applied to the inpu~ amplifier wichis 

similar to the input amplifier of the sending end • This amplifier 

feeds the analog switches 

The sampling-pulses are formed by a circuit which regerates. 

the sampling pulses ~l and ~2 are again out ofphase/. 

When HI/2 sampling is used (see H'/2 circuit description) 

the sampling pulses are regenerated from the sync of the incoming 

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 
reaoh the output of the input amplifier • 

5 

The same sequences are val ide for the operation of t~e second 

analog switch • The channels are again balanced after the switches 

The channel amplifier realizes th,e final amplifioation and the final: 

frequenoy oompensation around 3,5 - 4 1UIz • 

The last stage is a buffer to provide 1 V standart vid~o 
pp 

on 75iL load with proper clamping • The circuits of the second 

channel are similar • 
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SENDING END 

.. 
Input Amplifier And Analog Switches 

The main problem is to match the impedancpf the inooming 

-
video line (15.nJ to the oircuits and to provide gain to oom-

pensate the insertion loss of the analog s\vitohes ( A.S. ) 0 

To have a:low impedanoe at the . input a grounded base oonfi-

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

Base voltage VB-:::I2 x 0,47 
3,77 

0,9 
I.", = --= O,OII A =. LImA. 

.15 82 

25 . 
h. = _ = 2,26 .s:L. 
~e -

II 

~ equivalent of base voltage divider 

-- 3,3 x 0,47 
~=,----

3,77 
0,4I2 k = 4I2..Q. 

refleoted to the emitter == 4I2 
(?"hfe ,= I50 ) I50 

-~. 

So very low impedance is obtained • To insure a proper matching 

1 
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a resistor of 86 is placed in series to the input of the oirouit. 

33k..!L , 

--Fig 4. Input amplifier • 

To keep ., the band width for video signal one generally sets 
/ 

the gain of eaoh individual stage to value between 1,5 and 4 . 

(Ref I a ) • 

The element~etermi~ng the gain of this stage are 

shown in fig 6 • 

~ 

53..n. 

Fig 6 • 

,.' 
.: , ' 
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R . equivalent 157 
Voltage gain ,EV=-c------_ 

Re equivalent - 53 
....... 3 

" 

The amplified signal that wo have at the output (collector 

of the transistor) has a DC component. To clamp the bottcm 

of the sync to ground we use a simple clamping. circuit 'Ref 3 b) 

The ''ONI! resistance of the A.S. 
i 

is about 30011. So , 

8.(. good matching is established from the collector of Qr (3-:30-'1) 

to the 'A .. S. (300n.) 

The output of the analog swi tchc should be terminated wilth 

a resistor of I kn for a proper operation of the switch. 'For 

loading resistors ~ I k~the electrical charge aocumulated . 

in the switch duri~, one period can not be disoharged ( the out-

put can not swing from the maximum posi tive value to the ground) 

I k.Q.is a.tl optimum value for f:;:. 8,3 ,MHz (sampling frequency) 

in the technical sheet of 14016 B the value of the optimum reai&-

tor was not specified • 
~ ? 

5 k.o.. variable resistor (in paralel with I k.n load) is 

for the compensation of the A%n ,resistance of the A.S. of 

each channel (see fig 22 ) • The gain differanoe of the ampli-

fiers due to the element tolerances is also balanc~d with the same 

resistor • 
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,J Sending End Channel Amplifiers And Output Buffer. 

This board consists of two cnannel amplifiers for the samled 

video signals • 

Eaoh ohannel amplifie~ has two gain stages (T
I

, T2 ) • 

T3 is an emitter fallower • The signals coming from the amplifiers 

are added on the resistors and then applied to the base of T4 • 

T is the output buffer .Because of the special, -form of 
4 

the video signal , the variable resistor R is to be adjusted· 
v 

in order to have the emitter of T4 exactly at ground potential. 
/ 

In this oase the base potential of T4 is about O,65V .) 

}!lig. b shows the components of one -line positive video 

signal • 

level (10QnV) 

Black Blanking level 

-300mvt 
Fig.~ .• One line positive video signal • 

; ,. 
" 

Blanking level corresponds to zero volta, syncronisation 

pulse bottom to - 300 mV and maximum white level to+100 mV.'l'hus 

using T
4

, proper olamping of the video signal is done • 
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The collector current of Ti is selected around I,6 rnA • 

Ifhe base voltage is VB = 3,3 x II -= I,435 V 
. TI 22- 3,3 

(Assuming that we have I V 
~. 

drop on the resistor .R 
a 

wi th the + I2 V supply line ) 12-r-~. 1.1 V=V 
00 

in series 

V
E

=I 7435 - 0,6:.:0,835 V 

TI 

0,835 

0,41 
I,11 rnA 

VC=II-O, 11xIk-9 ,23 V = VB 
T

I
' T2 

V
E
-9,23+0,6:=:.9,83 V 

T 
2 

VC=3,54xI=3,54 V 

T2 

II-9,83 
IE=---~-T2 0,33 

3,54 rnA 

(3,54-0,6) V 3,58mA 
( 0 , 82) k ..l..'1.. 

- 2; I c:= I~l + 
, ""I 

IJ!j -f.i. ~ = 8,89 rnA 
." 3 

The: gain of the first stage is , 

hfe2 ::: 150 

.Ih. =_2~5~~ 
J.e2 3,58 

h
f 

. ( h. 2 +R2 )=150 ·(1,06 +330 )251 kS'l. e2· J.e .~ . 

1 ~l k = 0,98 kn 

13 

.-
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K. =- _; 0,.98 _ 2 085 
. V 0,47!:::!.' 

1 

lk/l(h + R )h , l' ie3 . ~3· fe3 

low freq. 

1 k /124k = 0,98 k 

( KV2 ) = _ 0,99 2 ::=..-3 
low freq ,0,33 

. 
Because of the trimmer oapaoitor shunting the emitter resistor 

of T 2 (330.0) the g~in of T'2 inoreases with fr!3quenoy .. The paral-

leI equivalent of 330!land this oapaoitor of 40 pF at 5 MHz is z 

1 1 
- __ ---,-_-'-_ =795.D. ---

Cw -12 IT 6 40xlO x2x x5xlO 

for :f = 5MHz 0 

330x795 

( ~ )eQUi 330-1-195 = 233 n 

0,99 2 
---== - 4,257 

o ,2J,3 

low frq, 

20 log 4,257 

3 
3,106 

-.. 

dB 0 



The timmer capacitor at the collector of T2 is used to 

oompensatethe loss of high frequency comppnents of the video 

signal on the cirouits and the cabl~s • 

The final stage transistor T4 has low output impedance • 

An additional resistor is placed in series with the load to 

realise good matching and to avoid reflections from the oable. 

The inputs of the oirouits are RC coupled. The time oons-

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

15 

largest pulses (vertical pulses) are passed without distort~on. 
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X-tal Controlled Sampling Pulse Generator. 

Tl is used as oscillator • The LC network placed at the 001\:7'; 

lector of TI is t~ed to the frequenoy of the quartz cristal(x-ia~ 

wioh is plaoed on a feedback path from the oollector to the base • 

At. the frequenoy of the cristal the LC tank oircuit has high impe-

dance and the circuit of Tl provides high gain. Thus at the col 

I 

lector of TI . we obtain a sinusoidal oscillation at the X-tal 

. 
frequenoy • This frequency is the sampling frequency • Due to the 

caracteristics of the analog switohes f is seleoted as 8,3 MHz o 

In the resonnanoe frequency of the LC network is shifted from X-tal 

f~equenoy then the amplitude of the oscillations is reduced. 

C should be selected larger then the distri~~ted capaoitance 

of the induotors (otherwise it will not have any adjusting effect) 

C is selected around 300pF and the value of the equivalent induc 

tI'Lnoe is, 

1 f= ___ _ ~'~L = __ 1 __ _ 

2\jLC £2 4]2 C . . \ 

1 L= _____________ _ 

6 2 2 -12 
(8,3xlO ) X4x TI x 300 :x: 10 

L_ 

-' " 

-6 H. 1,22xlO 
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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 

N 8 of the same wire • So' n= _1 ____ == 0,4 .. Thm:. transfer ratio 
N2 20 

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 10 co1leotor load .The loss of voltage 

due to low n is compensated by the gain of the second. stage: 0 

I 

10011resistor at the emitter provides ~egative feedback and. 

decreases the output voltage but improves thermal stability • 

T2 is used as a buffer amplifier • The LC circuit of the 

co1leotor is again tuned at x-tal frequenoy. 

The voltage of the co11eetorof T2 is applied to a voltage 

divider (lk~4,7k) not to give more than 5V to the input of theTTL# 

C
6 

of 40 nF is for the DC isolation of T2 from the divider 

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

1 1 
:: -9 6 
40x10 x 2xt&8,3x10 

0,479 - , 

! ,. .. 
. The s~gna1 is applied to the inverting gates of a TTL'hex~ 

inverter ( H 7404) to obtain two clock pulses 11 and;62 0 The 

characteristics of this IC are in Ref 6. 
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The analog switbhes are controlled withyfl and ~2 .The 

propagation del~ time of the inv~:ter is of the order of 10 ns. 

;11 is delayed in an ~ductor to obtain an exact phase differance 

of 180 0 o 

T 3 is a voltage regulator to supply +5V to the TTL dividing 

dO\7n the positive voltage (+12 V ) of the board. 

form a.network moh removes the 

ripples of the + supply and prevent RF oontamination of the oir·:;...::i. 

cuits oonnected to the same power supply 0 

The details of the tuned;. circuits are in Ref 4 0 

.' 
J 
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Power Supply PS 01 , PS 02 

The analogy be~veen the sending and receiving ends allmved 

us to use the same power supply for both sides. The voltages 

reQuired for the operation are + 12 V; - 12 V • 

The oircuit should supply IOOmA to the+I2 V line and I5mA 

-

to the - 12 V line • - 12v . is used only for the emitter voltage of 

the final stage transistor • 

Since+I2V supplies a large number of stages', the probabi~i 

Ii ty of failure is higher , a short circuit protection is adde'd to 

the circuit • 

A standart 4W; 220 V / 2xI2 V transformer is used .The center 

tap and bridge rectifier configuration is selected to obtain ,(~) 

and <+) voltages from the same bridge • 

.• These voltages are smouthed with electroli tict '. capaci tors 

of 1000 f F and high freQuency parasitic signals coming from mains;. 

are filtered with ceramic capacitors of -0,1 IF . 
-+ 12 V side: The base of the Darlington configuration ·(T and - , I / 

T2 ) receives the voltage of the collector of T30 The emitter of 

T3 is at a fixed potential because of the stabilized voltage of I2 
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The voltage divider (R
4 

' R5 !. R6 ) wioh determines the base 

voltage,of T) oontrols the outPyt voltage. ~ setting the value 

of the variable resistor, T) is more or less oonduotive •. Thus , 

the voltage of point D and oonsequently that of the output point,-

are oontrolled. 

A:ny drop of the output voltage makes T3 less oonduotive' and 

the voltage of point D is inoreased • 

. R3 of 2,)5~(I W) is used for sensing t~e output ourrent 
of the power supply • 

The ourrents supplied by the oirouit are as indioated in 

fig II 0 +J2V 
" 

II lIt· l-cad. 
-<--

/- 4') Lead. 
-tl. \} 

Fig II. Currents of the power supply • 

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

order of I5 rnA • . So , II - I 2= 255 rnA • 

The voltage aoross R) is U=0,255 x 2,35::::. 0,6 V. This 

voltage is applied to the base of T • And , when ·the net ourrent 
4 

reaohes 255rnA T4 is in oonduotion ~ the point D is grounded via the 

diode DI • 



( 

The output voltage decreases to limit the current .This 

simple method of protection is useful-for circuits where the power 
I 

does not exceed 4-5 Watts • 

Negative power supply has no particularity • Cr ,C
2 

are 

cer~ic capacitors used. to remove high frequency noise components 

coming from circuits. 

23. 

.' 



Receiving End Main Board 

The essential function of this board is delliultiplex­

ing the incoming video signal.it amplifies the output of 

the analog snt-ches • The 'circui t provides frequency com-, 

pensation .. The output. is matched to 75nand the blanking 

\ 

level of the video signal is clamped to 0 V. 

The input amplifier "r is operated in common base 

. / 
mode. The signal is applied to the emitter and the input 

impedance is matched to 75~. This stage has the same 

charact eristics- as the inpu t amplifier ,of the sending end 

(Vol tage gain -:::!. 3-4.) 

The amplified signal is fed to the analog swi tche 

and to the sampling pulse sensor circuit via resistors 

(I\,R
2

,R
3 

) 

r~ The capa ci tor of 480 pF are used to remove high 

frequency parasitic components\ of the order ofi~ew hun-' 

dred kHZ)~ ths. t may be indu ced on the line • 
.,../ 

.' 
Since P- s.. have low treshold vol tage any para-' 

si ti c pul se ca n tri gger them. So, resis tors 0[:5. 6k.n.are 

shunting the control inputs .0I ' $02' to keep _them at 

ground potential wh en no vol ta ge is applied. 
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The output of the A:. S.. is p'rop'erly terminated and 

capa ci ti ve coupling is prei' erredo ,.The capaci tor is sel ec-

- ted ~ ~rge enough (4 7 \' F) to insure the _ transmission of the 

lovest frequency signals. (such as the ,fundamentals of the , 

~yncronisation, p~~ses) • 

The output amplifier consists of Q.2 I 't-j -, '<.2 is 

a pnp small signal transistor. The collector load oJ this 

transistor has a resistor of Ikn in series, withl a LC 

circuit ~ The LC circuit is tuned to a frequency of 3.5-

4 MHz to compensate the losses of the circuits at high 

fre'quency side of the video spectrum. 

~ LC 

Fig I3. LC compensation network 

.,.1 .. 

100 pF= c+ distributed capacitance of the inductor. 

26 
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I 
f= ___ _ 

2nftc' 

I 
L=----

4,.r-f c 

-) 
L1- 1,6 .. 10 

I 

- The colI ector load vari es as des crib ed below 

:t 
~ tf2e<:..~(' ./ 

Fig 14 Variation of Zo coll,load 
The gain ,of ~ is app~oximativelY equ~l· to .:.0..' ---­

emi ttl oad 
_ consequently, the ga,in exhibi ts a maximum at a _frequency 

around 3,5-4hlHz ... Q3 is also a load for Q,z but the ref­

lection of the emitter load of 
I J. I 

z= c -12 CW 2JL.40~ 10 .. 

.~ is 

.-.J 

4~I 06 

let 

t Zc J HE3 )Xhf'e) 

1000,..cL 

= 150 1000 /470 --7319-.!L 

-»r ( z~ )reflected= 

to base 

319 x 15 0 = 41, 8 k.sL 
. '. 

(z~) refle cted 
decreases Wl.th frequency but it' has no 

to base 

21 



appreciabl e ~nfluence-on the gain va'riation of ~ since 

it is much larger than (z ,- ), -. 
~ collector 

.. 

This stage with a special frequency response is c: 

designed to compensate the frequency losses of the cicuits 

and of the cabl e 

A variable resistor is placed across the 10 netvvoIk 

(10 tiP can be considered as a short circui~ element/at 

4 MHz .. ,) The var~able res~- tor is loadi~g the 1C circuit 

and .damping the ef:flecti ve Q. factor .. The -variabl e resistor 

is to be set according to the amount of l\fsses at high fre-

quencies ,. 

"3 is a pnp transi.stor -which has . frequency dependent 

characteristics. The emitter'~oad varies between 470 and 

• 319 (trimming capacitor shunts the emitter res~tor of 

when_the frequency is high )80, the gain of ~3 in-
4 

--,,-

crease s wit h frequehcy... The resul ting frequency is: 

I I 
R=--- 410-:::' 

C. u-) C .. 2 .. 1T.. f 

The gain of "3 varies as in fi,g 

28 



7 165 

3,8 

5l1.Hz 8MHz f 

/ 

Fig 15 Character±stics-of high frequency compeIlBato~o 

Q is the final stage for ~mpedancematbhing and 
4 

for the clampi'ng of the blanking level to 0 V. 

At.t~e. output a stan~art video signal is obtained_ 

The circuits of the second channel are similar. 

in this section reference Ia is uped for video 

amplifiers and ref.3b for clampin& The details of 

the compensators are in ref. 4. 

J ,. 
" c , 

I 
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Sampling Pulse Sensor and 11 ,9'2: Generator. 

, 

This circuit consists of two 10 stages tuned to the frequency' 

of the sampling pulse. 

Q_ and Q are small signal RF tran, sis tors (BF294). inductive . '"l 2 

coupling is done !between the first and the seoond stage using RF 

transformer Tl • 

~ is opara ted in class A. and Q2 in class B .. The signal 

. . 
obtained at the collector of Q

2 
is applied to the inverters to form 

~l . and ¢2 .. 

cI'he phase differanoe of ~1 and ¢2 is not exactly 180°., '~t 

the output of the inverters.There is a shift of 10 -' 12 ns due to ., 
, 

the propagaton delay time of the signal in the inverting .. ~l is 

fed,to the gate of the A.;:) via the inductor Bl to oompensate the 

time error. 

( 
Negative supply voltage is not necessary for the operation 

9f the board .. +5 V for the TTL inverters. is divided from the+l2.V;, 
J 

-
supply using a voltage regulator .. 

..-
In the spectrum of the in~oming si~l the sampling pu1s~'\ 

frequency is present. The circuit selects. this signal and amplifies, 

it. Because of the problems described in the other sections this board 

I 
is not used;it has been replaced by H/2.generator circuit • 
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H/2 Control Pulse Generator 

standaxt horizontal pulse ~(H) of the studio 'is a negative 

going pulse of 4 V on 751l10ad. To insure a. proper termina-pp 

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

ted as 15.0. • 

QI' Q
2 

and Q
3 

are used to change the voltage lev,els of H ' 

p~lse and to make them TTL compatible. The differential amplifi~ 

! ~ and Q
2 

) shifts the bottom of the pulses to ground potential. 

The wavefo~ obtained at the point B ( after the voltage dividers 
/ 

Bi' R2 -) is a positive pulse of 5 V • The signal is applied to 
W, 

Q) which coperates in emitter follower mode to 'supply the pulses 

to the TTL counter. 

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

to perform II divide by two " operation. This counter is -:triggeresJ, 

at the negative-going edge of the pulse. 

The output of 1490 is used as the first control phase (J\l~ 

~ is al.so applied to an inverting gate to, form JJ.
2 

\"lhich is the 

control voltage of the aecond phase • ~ and~2 are out of phase 

by 180
0

• 
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When ¢1 is high )112 is low and ~vise versa oyll 
. . ''''''. - . 

the first channel , 12 \ activates the .seoond channeL 

activates 

+5 V supply vo~tage necessary for the TTL circuits is ob 

tained from + 12 V supply via a voltage regulator cons is ting of 

and 

/ . This board is. used instead of the X-tal controlled sampling 

pulse generator • 

the 
The sequences ofVContro1 and the states of th~lana10g 

switches are given in the fo;llowing diagre,m,. (\='tcr Al:3) 

/ 

/ 

\ 

; ,. 
>/ , . 
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Charaoteristios of the Analog Switohes (A.So) 
and 

Seleotion of the Sampling Pulse Frequenol 

36, 

The only analog switohc (AS) avialable was MC 14016 quad .. 
analog switoh/multiplexer • 

The teohioal datall sheet (fig 22) shows that the sydtoh has 
'. 

a oorner frequenoy ( -3dB)point) near 20 MHz for the transmitted. 

signal. The proIJagation delay time(V in to V
out

) _ ,for VDD- Ie V. 

is given as 1 to 15 us after the estftblishment of the oontrol 

voltage 0 

The'propagation delay time from V 
control to V , out is 

20-:-45 ns • These values are for the transmission of a constant DO 

level applied to the input .As a result of the measurements I obs-~ 

served that high frequency signal are delayed (1.5 times more) 

m~ch longer than yhe DC components of the signal • This is bringing 

apha&e distortion (chroma - lumina delay) for the composite 

video signallwhich contains components from DC up to 5 MHz 0 

," 

A sampling frequency of 8,.3 MHz corresponds to a sampling; -i/ 
tiril'e of 

, ' 

___ 1---, __ ::: 60,24 ns • The switch should be aoti vated. 
8, Jxl0

6
X2 

only during one alternance of the period. 

According to the data sheet, in the test measurements for 

, 



the "delay time" and" turn-no time" (f~g 23) a control voltage 

wi th 20 ns rise time is used • N'6 information is given about the 

capaoitanoe of the c?ntrol input , but it is olear that this value 
ir; 

is not very small.As a matter of fact, in the circuits designed 

for driving the cpntroL inputs , the control inputs ~ere reaoting 

as a load having a capacitive part which was causing a decrease 

of the slope of the rising edge of the control pulse • 
_/ 

" 

Figure 24 indicates the variation of the insertion loss (dB) 

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

resistive load (SUCh as lM~- 100 k~) there is no loss; but, in 

" this cass, at high control frequencies th~ charge aoctimulatedin the 

switch can noj; be removed completely .The outpu.t of the AS can n~ 

... 
swing properly between V. and ground potential.I observed that to 

, 1n 

,insure a complete discharge the load resistor should be around lIt 
, , 

Suoh ~ow resistor increases the insertion loss of the A.S. (-2dB). 

Thi~loss is' compensated by the amplifiers of the succesive ampli-

fioation stages 0 
" 

My first approach was to select 60 ns as sampling time (2Ons 
, -" ' for rise time, 20 n~ for max value of the pulse, and 20 ns for' the 

I 

fall time ). 60 ns correspnds to f::; I, ==-= 8,33 MHz • 
60x2xl0-9' 

I used a quartz cristal of 8,3 MHz to generate.the control pulses 0 



The analog switch has a quite low trshold voltage; as V 
c 

.~. 

reaches IV it starts to conduct .When two switches arefoperated 

I-
for multiplexing purposes we 'meet another problem gecause of the 

rise times of ,01 and J3
2

0 They have the falitowing shape: 

-IV 

Fig 19 & Sampling pulses shape. 

, 
During ~ both of the switches are slightly conducting • 

To overcome this' difficulty I had the !l;dea of.olamping the bottom 

of the"pulses to a negative voltage and thus the common part of 

the two-signals was minimized • 

Fig 20 : Clampins_of the sampling pulses. 

; -" 
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The same clamping is used for 02 • 

Another disturbing factor is the insertion of the clock pu1~0 

ses to the conduction~channel at high ~lock frequencies even with 

grounded input .. 

RON res istance of the AS changes from Mega ohms' to 300.0. when 

'Ie varies .. from 0 V to V .. This 'variation is not very abrupt! . e max ' 

especially at the negative going edge of the pulse the resistance .} 

~ of the channel increases as Ve deceases. This fact brings, additional 

delay for the high frequencies • The delays are not negligibile when 
.. 

they are compared with the multiplex~ng time .' 

Because of the diffusion of the informations of AS
l 

into the 

informations of AS
2 

in.time, it is not possible to recognise them 

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

sat ion of tpe regenerated sampling, pulse • 

Especially , high freq:uency components coming from the sharp 

,eages of th~ picture are appearing as peaks on the other channel., 

This interaction of the two channels is a serious disturbing factor. : 

To minimize this effect , the sampling frequency is lowered to 7,~ M\i...., -" 
5,950 MHz an~ 4,8 MHz .The effect of the interaction decreased gra- 1 

dually 
. ( 

but remained in a). innactable range .. 

.. As the essential idea is to sBnd two pictures simultaneously 

on the same video path without using frequency multiplexingI.h.a.d 
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'

I . IVe' Voo. RL • 1.0 kn! 

Control to Output 
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InP<rt VoI"IIO# 
Control Input 

I VI~ 6.0 - - - 1.6 0.9 
10 - - - 1.6 0.9 

Vdc 

Input CU"ent (AL 0..,,0.) Conlro) 

Input Current (CLlCP Oovlce) Control 

'nput Capacitance 
Control 
Switch Input 
Switch Output 
Feed Through 

Cul_t Curren, (AL Devlco) 
(Per Peckogo) 

Cui"""", Cu"ont (Cl/CP o..lce) 
(Por Peckailo) 

"ON" A"'lIenc. (Al Oovloo) 
(VC - VOD. Al - 10 kn) 

(V In - +6.0 Vdc) 
(Vin - -5.0 Vdc) Vss - -5 Vdc 
(V In - 10.25 Vdel 

(Vin - +7.5 Vdc) 
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(Vln - .0.25 Vdel 
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(Vln - .0.25 Vdel -

(Vln - +7.5 Vdc) 
(Vln - -7.5 Vdc) Vss - -7.5 Vdc 
(Vln - 10.25 Vdc) 

(Vln - +10 Vdc) 
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10 
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pF 
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/ 
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FIGURE G - RON CHAAt'lCT~i'lIGTICf 
TEST CIRCUIT 
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the idea of doing that at the beginning of each line • Thus ,only 

1 of the lines of a piciure are sent. The vertical detail is reduoed 
2 

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

the channels 0 3I2,5 lines of picture A and other 3I2,5 lines(
62

5} . 
; 2 

of the picture of of channel B are active • 

As the AS is in ON position during 1 horizontal line period 

(64 ts) the frequency band width is -not limited; all tl].e details:of 

/ \ 

the line are transmitted. The delay has no disturbing effect since tl:e 

. " 

times involved now are of the order of \" s .'Tw~ consecutive infor-

. 
mations are separated by the horizontal b~anking interval of 4,5",s ,/ 

whioh is very large with respect to the delays ( 10-30 ns ) . ",~-

The ON resistance (RON) of the analog switch depends ondihe 

control voltage. but varies also with the amplitude of the incoming 

Signal. Fig 21 illustrates thr~ variation of RON with \fiN 0 

I ~or.' V
DD

-': lie ::=10,V RON varies trom 210.0. to 320 no We can say 
'-, . 

'that RON ~:?95.n:t.25.a.. 

= 0,084 

, . 
ThE1--variation of RON with ViN introduoes an am121itude 

distortion;-a: nonlinearity of the video signal {max luminance 

distortion of 8,4 % 0 

.' 
I .. 



/ 

""'-< ... /, 

in TV ~ngineering it is desirable to have linear circuits 

however this is not always possible To overcome the nonlinearity 

correction cir'cui ts ,(' such as 8 correct9rs) are inserted all along 

the video path. Since the system will be used only for monitoring 

PurPoses,,(aQ,d not for broadcasting') this amount of nonlinearity 

is acceptable • 

Consequences of the characteristics of the AS, 

it can be used as a single high seed sampling g~te where the 

sampled signal does not change apprec~abbly during the sampling 

peri,od • This switch can be used as the .; .SWitclling",c7 element for 

video triok m1Xers o 

it is suitable for multiplexed telephone switch board inter 

junotion oirouits • But , it can noi be used for high speed video 

multiplexing becaeuse of. the delays_ 

; ,. 
" .' 
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Part,Th:t'ee 

Results And Application,Areas 

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

frequency spectrum ~Thus, the ~requency multiplexing division method~ 

was rejected .In this. base the only solution was to use time mu~tip-

clexing division • 

The most elegant application would be high speed sampling and 

multiplexing; the characteristios of the'analog switches were not 

sat~sfactory • 

. :" 

Aocording to the sampling theorem the sampling frequency f 
s 

should satisfy I 

:f q 2xf 
s max 

1 

f is the highest frequency component, that one wishes to have 
max 

in the speotrum after sampling • As the video information contains 

components up to'5MHz f should be 10 MHz.Beoauseof the factors ... s 

explained in the AS characteristics.section 

8,.3 Mliz , accepting a decrease of amplitude 

:f 
s 

was selected to be 

of 5MHz components • 

,./ 

But , asa a result of the problems mentioned in the previous sections 
l i 

.. 

a switching at horizontal line frequency is adopted • 

In this sampling method on~ half of the lines are sent; the 

vertical resolution is deceased. The picture has less vertical detail 

44 
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45 
but horizontal wise it has the complete speotrum from very low frequen~ 

oies to 5MHz .The two pictures ar~.properly separated f no inter aotion 

exists • 

. This picture is certainly' not for broadcasting purposes but it ::~", 

can be used in several areas z 

a) in a professional TV studio the cameras are connected to the 

-

oentral commend unit (ocu) via a cable which contains • oonductors 

for the DC remote controls and coaxial oables for pulses ,and video 

signals .One of the coaxial cables brings back the composite video 

to the vi~vfinder of the camera 0 As there is only one "return video 

path the cameraman see only the picture of his .camera. When sp~cial 

effeots are used the,oameraman vnshes to see the output of' the mixer 

to adjust properly the relative position of his camera • This system 

'can be inserted in the camera and in the CCU allowing the-cameraman 

to see ( to select) the two pictures • 

The horizontal pulse exists in the camera head as well as in 

CCU .This brings-an additional faoility for synoronisation of the 
. 

sending. and receiving ends. 12 V supply voltages also are generallY: 

~present in the camera units. So the system can be reduced to one~oard 
; 

whioh ·can be inserted in the camera units • 

b ) To control large industrial complexes , closed circuit TV 

(CCT\!) is widely used .;Chea.p 'vidicon cameras are prefered for CCTV 



The multiplexed signal can be sent 
; 

by radio l1pk and demultip-

-lexed at the output of the receiver • 

The multiplexed signal can be recorded on Video Tape Recorder 

,(VTR) • Since only the video above the black level (ll!) is switched , 
the syncronisation pulses are present,at the multiplexed output, no 

syncronisation'problem ooours for the oontrol traok of the VTR o. 

The multiplexing operation can be bypassed / 
by appling continuous I 

DC to one of the control phase on both ends 

-~-
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