United Statés Patent

nsy 3,680,050
Griffin 451 July 25,1972
{54] SERIAL DIGITAL PULSE PHASE 2,891,170 6/1959  Paull.....cccocncermrrenrnrnnnn, 340/167 X
INTERFACE DRIVER AND RECEIVER 2,985,716 5/1961  Day....cooewervereermmmresnsrennans 340/167 X
[72] Inventor: Jon H. Griffin, Rockville, Md. Primary Examiner—Harold 1. Pitts
[73] Assignee: General Electric, Westlynn, Mass. Attorney—R. S. Sciascia and Thomas Q. Watson, Jr.
[22]. Filed: July 10, 1970 (57] ABSTRACT
[21] Appl-No.: 53,751 A digital transmission system comprising a transmitter and
receiver capable of transmitting and receiving digital data at
[52] US.Cl...oeeeeveeennnne. high bit rates in a noisy environment, utilizing transformer
[51] Imt.Cl.......... coupling to a single transmission line, serial to parallel and
[58] Fieldof Search............................. parallel to serial conversion, and parity generation and
) . checking circuits. The system is capable of operation from a 5
[56] References Cited volt source and of being densely packaged. The serial digital
receiver utilizes a decoding and filtering circuit which pro-
UNITED STATES PATENTS vides high noise immunity for the system. Data transmitted
2,977,417  3/1961 © Doelz........cuoerrniinrinennene 340/168 SR - and received is in the form of pulses having a positive and
3,009,136 11/1961 ..340/168 SR negative peak so as to eliminate the necessity of a separate
3,271,517  9/1966 De Rosa.......comverireenrnene 340/168 SR syne line. .
2,545,349 3/1951  Foster.....ccccoerrernrnnnnes 340/167 X
2,881,410 4/1959 Brunf......cceeeeeveeeriveieinnnes 340/167 X 9 Claims, 11 Drawing Figures
: DATA IN
22 28
{y' 36\ 25 27
2/ SHIFT 37z | DRIVE _Zo
Ci REGISTER ™~ LOGIC
20" catep o, Py
3 39 T %% 51 L
OSCILLATOR |C3,—3/ To C2 Cs
32 T2 PARITY
29 34 GENERATOR
o ¢ To
3 2 ¥ 3
als To G2 To
CONTROL
» COUNTER | .,




3.680.,050

PATENTED Jut 25 172
SHEET 1 OF 4
, DATA IN
2 28
& 36 25 27
2/ SHIFT 37 DRIVE _Zo
20 ” Ci REGISTER LOGIC
TED RN
3 J0 24 4
OSCILLATOR %3/ To TL PARITY 3 Ca CE—-32
29 T:E—-B"f 32 GENERATOR
4
c.sfu /23—+To Jz Tt’
CONTROL
o] COUNTER | ..
FlG /
0. Nginish
OSCILLATOR
ro o
00— 4
4/ | 44
m 43 N4 46 48 49
27 Vi z
m J Ci—e N6 J Ci J  Cap
! e e c
D T 2
20 22 T r— 45 T
29
o\
23 34 30 3/ 32
3O, s To Ci A Cs
Ci1 0= COUNTER
R — T3 /?/é; 2?
? 35
28
DATA BITS 0-29 /
30 29 28 27 26 25 24 23 6 5 4 3 1 o 3/ ,33
' /24
16 ADDITIONAL )
1] STAGES ca
Po Pt P2 P3 Po Pi Pz P3 Po Pi P2 P3 Po Pi P2 P3 cr
v Q J Q- 4--9u Q J Q K RQ
C  SRla c SR b Ec SR Ig C SR Q
rK PE LdqK PE K PE K PE
= L I — { { 36- |37 34
* - $
34 QQ To
22/,> To——\——N7 n:'
Tal—ﬁ—&s
' INVENTOR.
Fl6. 3 JON H. GRIFFIN

BY o fpwaas. O. &/‘I:U}(.

ATTORNEY



3,680,050

PATENTED Jut 25 72

SHEET 2 OF 4

PO

whi o_wo.,_ 20, o_GOJ Wl o_oo.._

JLJLJTLEF?

ZE~,

9 9/4
| . | | : v 9/4 ey
B h | [
| 43
L L] ] L] L] \\Mo
- Va
I s I e B L L B
.- _.IINIF_zmz&wm

) (-} 4



PATENTEDJuL 25 1972 3.680.050

SHEET 3 OF 4
SDATA cLock 5 63
\
27 \T TIME ?— /6/ —L SHIFT 7/
o WINDOW 66| geoisTen [FL—RESET
FILTER » 72
62
o 68 64 ﬂ L~ DATA RECEIVED
PARITY \ 3
CHECK
%ﬂfﬁg OUTPUT ENABLE
65— tes -
70
DATA OUT
FIG 7
108
+5V NI3
+5V
104 105
89 99 ﬁl SV |11l N7 114 120 65
NI5 NIT)o DATA
SERIAL 0s 1 Ni7)
INPUT
/:% =
102
27 . AN VZ/- 12/ 66
0s2 ' \Ims a INig-L—» cLock
s +5V V774 115
06  jo7
Nig
109

FlG. &8



3,680,050
SHEET & OF 4

PATENTEDJuL25 1672

I 9l
0Z~, 1NOViva 18
0 t 2 . 12 82 62 AliN¥vd

99
L w010
378¥N3 LN4LNOO

| | | L
: R ; : —l.l , _ 89 ,29
o - T 0t
_ R S ) | 050 0T s, © %0 0% % *3 |
v | _ om>_u_oum Viva o<~ oL _ TNOLLIATYEE w ¢

oy 23 Y / viva
S .hmm,mmo‘/t 97 | \\rllv..@w_-lvll..l 1 . 9. | |
o) — ER e D B e e W N
— U U v

g m._._ rrIr. s
7 | T B I B
a7 LT s T o T i O —
w7 LI L_T LI L ~w

T m e e
> N T T e S MR e N




3,680,050

1

SERIAL DIGITAL PULSE PHASE INTERFACE DRIVER
AND RECEIVER

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and
used by or for the Government of the United States of Amer-
ica for governmental purposes without the payment of any
royalties thereon or therefor. '

BACKGROUND OF THE INVENTION

The present invention relates generally to improvements in
serial digital transmission systems, and more particularly, per-
tains to a new and improved interface driver and receiver in
such systems wherein transformer coupling to the transmis-
sion line, high noise immunity, built in serial to parallel and
parallel to serial conversation, integrated parity generation
and parity checking, operation from a single 5 volt power
supply, and transmission on a single transmission line in the
form of positive and negative pulses is provided. One of the
more critical problems confronting developers of digital data
transmission systems has been the coherent transmission of
digital data at high bit rates in a noisy environment by means
of a transmission system that is compact and capable of
operating on low power supplies. These problems are over-
come by the present invention.

SUMMARY OF THE INVENTION

The system of the present invention has the capability of
transmitting digital data at high bit rates (greater than 5 x 108
bits per second) in a relatively noisy environment. The serial
digital transmitter and the serial digital receiver employ trans-
formers for coupling to the transmission lines. Built in serial to
parallel and parallel to serial conversation and integrated pari-
ty generation and checking circuits are also used. The system
is capable of operating from a single 5 volt power supply. In
addition, the serial digital receiver has a decoding and filtering
circuit that provides high noise immunity to the system. The
building blocks of the system are capable of high packaging
density, thus, providing for a very compact system.

The general purpose of this invention is to provide a digital
data transmission system that has all the advantages of
similarly employed transmission systems and has none of the
above described disadvantages. To obtain this purpose, the
present invention provides a unique digital data transmitter
and digital data receiver, said receiver employing a decoding
and filtering circuit which provides high noise immunity for
the system.

OBJECTS OF THE INVENTION

An object of the present invention is the provision of an im-
proved serial digital data transmission system capable of trans-
mitting data at high bit rates in a noisy environment.

Another object is to provide an improved serial digital
transmission system capable of transmitting data at high bit
rates in a noisy environment that requires only one transmis-
sion line.

A further object of the invention is the provision of an im-
proved serial digital transmission system capable of trans-
mitting data at high bit rates in a noisy environment that
requires only one transmission line and is capable of operating
from a 5 volt source. .

Still another object is to provide an improved serial digital
transmission system capable of transmitting data at high bit
rates in‘a noisy environment that has built in serial to parallel
and parallel to serial conversion and parity generation and
checking circuits.

A still further object is to provide an improved serial trans-
mission system having a transmitter and receiver capable of
transmitting and receiving data at high bit rates in a noisy en-
vironment that utilize a decoding and filtering circuit in the
receiver to provide high noise immunity.
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2

Other objects, advantages and novel features of the inven-
tion will become apparent from the following detailed descrip-
tion of the invention when considered in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a preferred embodiment of the digital data trans-
mitter;

'FIG. 2 illustrates the gated three phase oscillator of the
digital data transmitter of FIG. 1;

FIG. 3 illustrates the shift register of the transmitter of FIG.

H

FIG. 4 illustrates the various pulses that are generated by
the components of the transmitter of FIG. 1;

FIG. § illustrates the driver logic and output section of the
transmitter of FIG. 1;

FIG. 6 illustrates the various pulses that are generated by
the driver logic of FIG. §; ) “

FIG. 7 illustrates a preferred embodiment of the digital data
receiver of this invention;

FIG. 8 illustrates the time window filter of the digital data
receiver of FIG. 7;

FIG. 9 illustrates the various signal states in the time win-
dow filter of FIG. 8;

FIG. 10 illustrates the various noise states in time window
filter of FIG. 8; and

FIG. 11 illustrates the shift register and output gating of the
serial digital data receiver of FIG. 7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS -

FIG. 1 is a block diagram illustration of the basic com-
ponents in the digital data transmitter of the system. Shift re-
gister 22 is a 32 bit shift register which receives data at data
input 28 in parallel form and converts it to a serial pulse train
at output 36, 37. Gated three phase oscillator 21 has outputs
30, 31 and 32 which supply timing pulses to the various com-
ponents of the transmitter. Control counter 23 controls the
length of the transmit cycle, causes the data words to be trans-
mitted to be loaded into shift register 22 and clocks in the
parity bit at the end of each transmit cycle. Parity generator
24 generates a parity pulse at the end of each transmit cycle in
response to a signal received from control counter 23. Driver
logic 25 produces 5 volt bipolar pulses for application to the
transmission line 27. .

FIG. 2 represents the gated three phase oscillator 21 in
combination with control counter 23. The three phase oscilla-
tor is comprised of a 15 MHz square wave oscillator 40 and a
four state sequential logic circuit which. has outputs C,, C,,
and C; on lines 30, 31 and 32 respectively. These outputs are
produced by the oscillator 40 working in conjunction with the
four state sequential logic circuit. The logic circuit comprises
NAND gates 41, 42, 43, 44, 45, 46 and flip-flops 47, 48, and
49. All the NAND gates employed and all the flip-flops em-
ployed are TTL. Counter 23 is a control counter which con-
sists of a module 33 counter, in other words has 33 states and
two decoded outputs. The counter may be mechanized in any
convenient fashion well known in the art.

With the aid of the pulse trains of FIG. 4 the operation of
the three phase oscillator and control counter will now be ex-
plained. In its non-transmitting or quiescent state, three phase
gated oscillator 21 has outputs C,, C;, and C; on lines 30, 31,
and 32 respectively which are all logic zero. If a logic one
pulse is applied to terminal 20, which is the data transmit ter-
minal, three phase gated oscillator 21 enters a cyclic mode
generating a string of sequential pulses at its three outputs.
Referring to FIG. 4, these outputs are illustrated at 30, 31 and
32. The outputs of oscillator 40 is illustrated as a pulse train
49. The data transmit pulse is illustrated at 20. The preferred
embodiment is directed towards a transmitting system that can
handle 32 bits. Therefore, the outputs 30, 31 and 32 of the
three phase sequential oscillator continue in their cyclic mode
for 32 cycles until the entire data word has been completely
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transmitted. At this time, the control counter output T,, illus-
trated at 34, returns to a logic zero. Output C, at 30 is used to
shift data out of shift register 22 and also to increment control
counter 23. Outputs C, and C; at 31 and 32 respectively are
clock pulses that time the initial and final phases respectively
of the transmitted serial pulse train. The data transmit pulse,
illustrated at 20, must remain at a logic one throughout the
transmit cycle and must be returned to a logic zero prior to
output T, of counter 22 switching to a logic zero. Output T, of
counter 23 is a logic zero upon initiation of three phase oscil-
lator 21 and is a logic one at all other times. Output T, at 35,
of counter 23 is a logic zero at bit time 31, and a logic one at
all other times. This is clearly illustrated by pulse trains 34 and
35 respectively. . ‘

- Counter 23 may be cleared by the application of a logic zero
at master clear line 29 at any time during the transmit cycle.
The transmission system of this invention has been
‘mechanized to transmit 30 bit data words. However, data
words of any length can be accommodated by designing the
appropriate number of bits into control counter 23 and shift
register 22. In addition to the 30 data bits, two other bits must
also be transmitted. The first bit transmitted is a logic one and
is used as’a control for the serial receiver. The last bit trans-
mitted is a parity bit which may be optional and is generated
by the parity generator 24.

FIG. 3 illustrates an embodiment of shift register 22 and
- parity generator 24 which may be employed in the invention.
During the nontransmit or quiescent state, when output T, of
counter 23 is a logic zero, parity generator 24 is set at zero and
the preset enable input of all the stages of the shift register is
conditioned by way of gates N; and N,. Upon pulse C, being
placed on line 30, the data word at input 28 is loaded into the
shift register which is composed of serial registers SRIA to
SR1H comprising 29 stages in all. A logic one is loaded into
* last stage P; of the shift register by parity generator 24 so that
the output Q of the shift register is a logic one during the
remaining portion of the time that the first pulse C, is on line
30. The signal Q is transmitted as a pair of properly phased
bipolar pulses when the second C, pulse appears on line 30.
The data in serial register 22 is shifted to the right and the first
data bit of the data word is launched on the transmission line.
This process continues until all 30 data bits have been trans-
mitted. During this transmission process, parity generator 24
is toggled each time a logic one appears at output 37 of the
shift register. Therefore, if an odd number of ones have ap-
peared on line 37 parity generator 24 will be reset. .~

During transmission of the last data bit, output T, of
counter 23 is a logic zero and the preset enable input of the
shift register is again conditioned via gates N; and N; so that
when parity bit generator 24 transmits the parity bit the shift
register will be preset and output Q on line 37 will assume the
complement of the stage of parity generator 24. Since this bit
is transmitted during bit time 32, in other words the 32nd bit
to be transmitted in the cycle, an odd number of ones is always
transmitted (parity in essence being odd parity). At the ter-
mination of this last bit, time control counter 23 returns to its
quiescent state as does the transmitter itself.

Driver logic 25, shown in FIG. §, places bipolar pulses such
as illustrated at 27 of FIG. 6 on transmission line 27. It consists
of four driver gates which are 944 DTL power NAND gates.
These driver gates Ng—-N,, are power buffers and are con-
nected as shown to a resistor and tap transformer. The output
Q and Q' of shift register 22 are supplied to the four gates in
conjunction with timing pulse trans C, and C,, on lines 31, 32,
and 36, 37 respectively. As can be seen from the wave form
diagrams of FIG. 6, the pulse trains C, and C; on lines 31 and
32 are timing pulses that produce an output at point 52 and 53
of the driver logic circuit such as shown at lines 52 and 53 of
FIG. 6. In response to the pulses in pulse trains 31 and 32 coin-
ciding with output Q and Q' of shift register 22 the pulses
placed on transmission line 27 for each logic signal is a bipolar
pulse such as shown at 27 of FIG. 6.
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Referring now to FIG. 7 which illustrates the serial digital
receiver of the system, it can be seen that the receiver is made
up of three basic components, time window filter 61, shift re-
gister 63 and parity check 62, and output gating 64.

FIG. 8 more specifically illustrates time window filter 61.
The pulses transmitted over transmission line 27 are in-
troduced to the time window filter 61 by way of a transformer
which has a resistor R, coupled across its primary windings to
terminate transmission line 27. Resistor capacitor combina-
tion 85, 86 and resistor capacitor combination 88, 87 function
as single pole filters to provide high frequency attenuation to
the received bipolar pulses. Two level thresholding is accom-
plished by the voltage base to emitter drop of transistors 92
and 93 in conjunction with the turns ratio of the input trans-
former. These two thresholds are set at approximately +1 volt
and -1 volt. Therefore, a logic zero at point 95 will cor-
respond to an input signal in excess of IV, and a logic zero at
point 96 will correspond to an input signal less than —1 vol.
Both points, 95 and 96, will have a logic one for all input
signals less than 1 volt and greater than —1 volt. The time win-
dow filter of FIG. 8 performs two functions. The first is to ex-
amine the time relationship between the positive and negative
pulses on the transmission line in order to 10 ascertain
whether a valid logic one or zero signal has been received,
Secondly, the time window filter discriminates against all
other signals and blocks those which do not correspond to the
predetermined phase relationship of valid logic one and logic
zero signals. The circuit accomplishes this by employing a pair
of one-shot multivibrators 101 and 102 that are cross-coupled
to establish timing windows. Resistor capacitor network 99,.
97 differentiates the signal at point 95 'such that a negative '
going spike is presented to the inverting input of one-shot mul-
tivibrator 101. Similarly, resistor capacitor network 100, 98
differentiates the wave form at point 96 such that a negative
going spike is presented to the inverting inpuit of one-shot mul-
tivibrator 102. Either one-shot multivibrator will be triggered
by this spike if a logic one is also presented at its non-inverting
input. The cross-coupling, therefore, will prevent either one-
shot from being triggered when the other is in'its stable state.
Resistor capacitor network 105, 104 and 107, 106 establish
the output pulse width of one-shot multivibrators 101 and 102
respectively. For a bit rate of 5 MHz a bit period of 200
nanoseconds is required which is divided into three equal 67 .
nanosecond intervals. The pulse widths of the one-shot mul-
tivibrator must be twice this interval or 134 nanoseconds.

Referring now to FIG. 9 which illustrates the various signals

within time window filter 61, it can be seen that if a logic one . . .-

signal for example, is being received at input 27, such as
shown at 27 of FIG. 9, point 95 will go to a logic zero for 67
nanoseconds and trigger one-shot multivibrator 101 which
thereby inhibits the triggering of one-shot multivibrator 102.
Point 96 will then subsequently go to a logic zero for 67
nanoseconds as shown at 96 of FIG. 9. This logic zero at point
96 is inverted by NOT gate 109 and nanded with the output
111 of one-shot multivibrator 101 to produce a 67
nanosecond logic zero pulse at point 114, the output of
NAND gate 117. In a similar fashion, if a logic zero signal is
being received such, as the third signal on input line 27, point
96 will go to a logic zero for 67 nanoseconds and trigger one-
shot multivibrator 102 which in turn inhibits the triggering 'of
one-shot multivibrator 101. Point 95 will then go to a logic
zero for 67 nanoseconds and this zero signal is inverted by
gate 108 and nanded with output 112 of multivibrator 102 by
nand gate 118 to produce a 67 nanoseconds logic zero pulse
on line 115. NOT gate 120 and NAND gate 121 function to
produce data on line 65 and clock pulses on line 66. The data
pulses are 67 nanosecond logic one pulses for every logic one
signal received and the clock pulses are 67 nanosecond logic

. one pulses for every logic one and logic zero signal received.

75

They are illustrated at pulse train 65 and 66 of FIG. 9.

FIG. 10 illustrates the progression of noise through the time
window filter. As can be seen from the figure, noise and all
signals with improper phase and time relationship will produce
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no logic zero pulses at points 114 or 115 of the filter circuit
because of the lack of time coincidence between the signals at
point 95 and 96 with the signals generated by one-shot mul-
tivibrators 101 and 102 respectively.

Referring now to FIG. 11, which illustrates the shift register
of the receiver, which performs the function of serial to paral-
lel conversion, connected to the output gating and the parity
checking circuit. The first bit of each word received is a con-
trol bit and a logic one. When this bit has been shifted into the
Iast stage of shift register 63, it enables the data word in the
shift register to be gated, by means of gates 79-81, to the out-
put of the interface lines 70. At this point, the output of flip-
flop 62 can be examined. This flip-flop which is the parity
check circuit is toggled for each logic one signal received and
should be set at the end of the transmission of a word. It will be
so set if an odd number of logic one signals have been received
which is indicative of no one having occurred. Flip-flop 62 and
shift register 63 is cleared by applying a logic zero pulse at
reset line 71 prior to the reception of a subsequent data word.
All four bit shift registers such as 75 and 76 are Fairchild 9300
and all gates such as 77, 78 and 79, 81 are DTL.

It can thus be seen that this invention provides an improved
serial digital data transmission system that is capable of trans-
mitting at high bit rates in a noisy environment and that it only
requires one transmission line, is capable of operating froma §
volt source, has built in serial to parallel and parallel to serial
conversion, and parity generation and checking circuits, and
utilizes a decoding and filtering circuit that provides high
noise immunity. Various modifications are contemplated and
may obviously be resorted to those skilled in the art without
departing from the spirit or scope of the invention as
hereinafter defined by the appended claims as only a preferred
embodiment thereof has been disclosed.

What is claimed is:

1. In combination with a transmnssnon system for trans-
mitting and receiving digital data in the form of bits in a serial
manner wherein the transmitting means receives the data to
be transmitted in parallel form and converts it to series form
before placing it on a transmission medium and the receiver
means converts the data received into parallel form before
delivering it to its output, the improvement which comprises:

driver logic means connected to the output of said trans-
mitter means and to the transmission medium for generat-
ing, for each bit received from said transmitter, a bipolar
pulse having positive and negative portions of equal am-
plitude and time and having a phase which is indicative of
whether the bit received is a logic one or a logic zero; and

time window filter means connected to the transmission
medium and said receiver means for receiving the bipolar
pulses, examining the time relationship between the posi-
tive and negative portions of the pulses on the transmis-
sion line to determine whether a valid signal has been
received, and examining the phase of a received valid
signal to determine whether the signal represents a logic
one or a logic zero.

2. The improved digital data transmission system of claim 1
wherein said driver logic means comprises:

four NAND gates connected together in parallel into first
and second pairs; and

a transformer having its secondary winding connected to
the transmission medium and having said NAND gates
connected to its primary winding.

3. The improved digital data transmission system of claim 2

wherein said transformer comprises:

a primary winding with three taps, a first and second outside
tap and a center tap, the first outside tap connected to the
first pair of NAND gates and the second outside tap con-
nected to the second pair of NAND gates, the center tap
being connected to a power source.

4. The improved digital data transmission system of claim 2
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wherein said time window filter means comprises:
a plurality of multivibrators connected to the transmission

medium; and
logic circuit means connected to said multivibrators for

delivering logic data and clock output pulses in response
to said multivibrators.

5. The improved data transmission system of claim 4
wherein said multivibrators comprise:

a pair of one-shot multivibrators connected together in a

cross-coupled manner.

6. A compact, low power transmission system for trans-
mitting and receiving digital data in a serial manner, having a
transmitter connected to one end of a transmission medium
and a receiver on the other end of the transmission medlum
said system comprising;

a transmitting shift register for receiving the data to be

transmitted;

a control counter connected to said shift register for
enabling said register so that the data to be transmitted is
loaded into said register, and for controlling the length of
the transmit cycle in response to the extent of loading of
said shift register;

a parity generator connected to said shift register and said
control counter, responsive to said control counter to
generate a parity bit at the end of the transmit cycle;

driver logic means connected to said shift register, respon-
sive to the pulse output of said serial register to place
bipolar pulses having positive and negative portions of
predetermined time and phase relationship on the send-
ing end of the transmission medium;

- a gated three phase oscillator connected to said shift re-
gister, control counter, parity generator and driver logic
for supplying timing pulses to said shift register, control
counter, parity generator and driver logic;and

time window filter means connected to the receiving end of
the transmission medium for decodmg and filtering the
received digital data by examining the time relationship
of the positive and negative portions of the bipolar pulses
and blocking all signals which do not con‘espond to the
predetermined time relationship and by examing the'
phase relationship of the positive and negative portions of
the blpolar pulses to decode the data;

a receiving shift register connected to said time window
filter means and responsive thereto to receive the
decoded digital data;

output gating connected to said shift reglster for removing
data stored in said receiving shift register in response to
anoutput enable signal;

a parity check circuit connected to said time window filter
means, and said output gating for determining whether an
error has occurred during transmission.

7. The transmission system of claim 6 wherein said logic

means comprises:

four NAND gates connected together in parallel into first
and second pairs; and

a transformer having its secondary winding connected to
the transmission medium and having said NAND gates
connected to its primary winding.

8. The transmission system of claim 7 wherein said time

window filter means comprises:

a plurality of multivibrators connected to the transmission
medium between the positive and negative pulses
received on the transmission; and

logic circuit means connected to said multi-vibrators for
delivering logic and clock output pulses in response to
said multivibrators.

9. The transmission system of claim 8 wherein said mul-

tivibrators comprise:

a pair of one-shot multivibrators connected together in a
cross-coupled manner.
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