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ALL GAS AND VAPOUR

The development of gas-filled valves

By Gregor M.R. Grant

century ago this year, two British scientists,

the physicist Lord Rayleigh and the
chemist Sir William Ramsay, announced
their discovery of the gas argon. In the fol-
lowing year, Ramsay confirmed the exis-
tence of helium on earth and, over the next
four years with the assistance of the chemist
Morris Travers, successfully unveiled the
remaining inert gases in the atmosphere:
neon, krypton and xenon.

At the century’s close, another Briton,
the meteorological physicist C.T.R. Wilson,
showed that electricity could flow in a gas.
Thus, the groundwork was laid for a new
branch of the electrical industry: the tech-
nology of gas-filled valves.

In 1901, the American inventor Peter
Cooper-Hewitt produced a mercury vapour
lamp and nine years later the French scientist
George Claude developed glass tubes contain-
ing a neon-helium mixture. They were some
38ft(11.58 m)long and the prototypes of the
near-infinite variety of such tubes that colour
our lives today.
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Fig. 1. A simple neon time- base circuit.
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Fig. 2. Time-base voltage amplitude of
Fig. 1.
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Gas tubes therefore are electron tubes
containing vapour or gas at low pressure in
which an electric discharge takes place.
There are two general types. Firstly , the
cold cathode tube in which a glow dis-
charge serves to maintain a conducting path
between the electrodes. These tubes have a
high voltage drop and low current. Hot
cathode tubes on the other hand operate
on the principle of an arc discharge con-
ducting a current. They have a low voltage
drop and a high current.

By 1914, the American physicist Irving
Langmuir began to take an interest in the
development of gas-filled, tungsten-filament
lamps. The filaments he used were coiled
and the space around them contained some
mercury, which was allowed to condense and
then return to the filament area. Fed from
a 110-volt source via a series resistor, they
enabled Longmuir and his team to look into
the lamp’s operation at high temperature. One
early observation was that, during the many
burn-outs, an arc was created at the fila-
ment breakpoint. In the course of these tri-
als, Langmuir became the first scientist or
engineer toshow ‘...how a grid voltage could
be used to control the starting of the main
arc.’! In fact, one of Langmuir’s team sketched
aglass tube with a hot filament, separate anode
and liquid mercury cathode, thus antici-
pating the mercury are rectifier.

The neon tube and

the thyratron

By 1922, the British radio en-

gineer R.St.G. Anson devel-

oped the relay named after
himinwhich®...aneontubewas o v plate

pends on the gas pressure, the material used
for the electrodes, and the surface condition
and the distance between the electrodes.

For neon, the striking voltage is around
130 V. When this potential falls to about
100 V, however, the gas deionizes. This be-
came the basis of the early time-base cir-
cuits. A simple neon time-base is shown in
Fig. 1. Capacitor C, charges up through
variable resistor RV) and is discharged through
the neon tube when the charge equals the
tube’s striking voltage. Thus, the time base
voltage amplitude is the difference between
the ionizing and deionizing levels, that is,
around 30 V. This is shown in Fig. 2.

The time base and the voltage under in-
vestigation can be synchronized by applying
the voltage across Ry in series with the neon
tube. In other words, a time base is an elec-
tronicsundial which, if combined with a de-
lineating device, gives a graphical indica-
tion of electrical phenomena. One such de-
vice is the oscilloscope; another, the digital
signal analyser.

By 1928, however, the time base was still
an unsatisfactory circuit since its output
voltage, and hence the amount of deflection
it could provide, was small. Matters im-
proved immediately, however, with the in-
troduction of the gas-filled valve, or thyra-
tron. Its creator, Albert W. Hull, was a ver-
satile and unusual man. He had originally
graduated in Greek from Yale and taught lan-
guages for a few years before returning to his
alma mater to study physics. In 1921, he
published a brilliant paper on electron move-
ment between two cylindrical structures in
a magnetic field, which configuration he
termed a magnetron!

It was at this time, too, that he joined the
General Electric Corporation’s research lab-
oraroty at Schenectady, New York. Here, he
followed his earlier work with a paper on

700V
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used for signal-shaping in tele- O
graph circuits.”

Neon is, of course, one of
the two most commonly used
inert gases, the other being
argon. Industrially, argon is
the more often used of the two,
largely because the only com-
mercial source of neon is the
earth’s atmosphere. Indeed,
where would our profession be
without either argon or—above
all —neon?

The neon tube is simply a
diode valve filled with low pres-
sure neon gas. Neither of the

to X plate
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electrodesis heated, but when
a potential is applied across
them the gasionizes. The mag-
nitude of the potential, known
as the striking voltage, de-
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Fig. 3. An AF and low-RF time-base circuit employ-
ing a thyratron.
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Fig. 4. A typical sealed ignatron.

‘Hot Cathode Thyratrons’in 1928, announcing
the deviceitselfand,in 1933, his masterpiece,
‘Thyratrons’.

Basically, the device was a thermionic
valve °... filled at very low pressure with
mercury vapour or one of the inert gases ...
the characteristics of the valves being to
some extent influenced by the particular gas
filling.’? These devices gave renewed impe-
tus tothe use of the cathode ray oscilloscope
asaninvestigativetool ‘... because they pass
negligible current until a certain voltage ...
isreached, when they suddenly conduct very
freely,indeed™, discharging a capacitor with
considerable speed, thus producing a rapid
flyback. This last was the result of *...an in-
crease in the separation between the strik-

ing and extinction potentials.’™

Shortly after the thyratron’s introduc-
tion, the leading engineers of the day, among
them Alan Blumlein, designed time-base
circuits around it. Blumlein’s 1932 British-
patented design used a large inductorin the
charging circuit toimprove charge linearity.

The frequency range of the thyratron,
however, was not all that extensive and they
proved, ultimately, to be less effective as
time-base generators than hard valves, firstly
because of their relatively short life, and sec-
ondly because of their inconsistent charac-
teristics.

Blumlein was the man who first used the
Miller effect of a triode valve to create the
first truly linear time base. He developed it
in the early 1940s whilst working on an air-
borne radar system and termed it the Miller
integrator.

Another serious limitation of thyratron-
based time-base circuits was their recovery
time from the flyback condition. This took
‘... a serious fraction of the cycle at a few
tens of kHz'6 and so limited their effective
frequency range. In fact, by the late 1950s
thyratrons were no longer used in commer-
cial oscilloscopes. Figure 3 is a good exam-
ple of a thyratron-based time-base circuit.

The ignatron

In 1933, the Westinghouse Corporation an-
nounced their latest development, the ig-
natron, whose general construction is shown
in Fig. 4. A pool of mercury serves as the cath-
ode. Its potential was quickly appreciated and
by the end of the following year a welding con-
trol system using such devices was in com-
mercial operation in the USA.

In welding operations the ignatron acts
... as aspecial form of timing switch, enabling
a current to pass through the metal junction
for a specified and controlled period.”

The ignatron combines many of the fea-
tures of the mercury arc rectifier with those

ILw

priming cathode
(kpr)

cathode (k)

940011 - 16

Fig. 6. Circuit operation of the Z700U cold
cathode trigger tube.

ofthe thyratron. Like the latter, the ignatron
has alow arc voltage drop, but one combined
with a farlarger current than can be achieved
with a thermal cathode of the type used in a
thyratron.

In the welding circuit of Fig. 5, both ig-
natrons and their protective resistances are
shunted by metal rectifiers to prevent re-
verse current passing through them. At
switch-on, ignatron 1 anode is positive.
Consequently, current flows from the anode
tothe cathode of ignatron 2, where it divides,
the larger part passing through rectifier Dy,
the remainder flowing through Igsand Ry as
reverse current. The major portion then con-
tinues through fuse Fy, the timing circuit, the
water-flow switch and fuse F;, whereit again
divides, the larger part passing through R;
and the ignatron igniter. Thus, Ig;’s igniter
handles a large current pulse which fires
the main discharge. Immediately the dis-
chargeis set up, the igniteris short-circuited,
so that its current is zero.

With the anode of Igy positive, the circuit
action is as before, but in the opposite di-
rection. Consequently, each device firesin turn
aslong as the control circuit is closed. Large
current pulses, alternating in direction, flow

welding T
AC v D
Supply A W
xformer
o
water flow X .
(Timing circuit not
switch shown for clarity) T
940011 - 15
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Fig. 5. Ignatron circuit as used in spot welding.

o
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Fig. 7. Part of the ring counter circuit of an early computer.
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through the welding transformer primary,
inducing even larger ones in the secondary.

The circuit is a typical example of a non-
synchronous arrangement used in both spot
and projection welding.

The cold cathode trigger tube

In 1936, the Bell Telephone Laboratories
announced their latest development, the
cold cathode trigger tube, an invention
ofresearch engineer S.B. Ingram. A later ex-
ample of the device, the Z700U, is shown in
Fig. 6.

The voltage applied between the anode and
cathode is some 200 V. The priming cath-
ode, located behind the anode, is connected
to the negative line via current-limiting re-
sistor R. Since the physical gap between the
priming cathode and the anode is small,
breakdown occurs and a current-limiting
discharge develops. Consequently, limited ion-
ization takes place.

The trigger electrode is now made posi-
tive with respect to the cathode, causing a
discharge across the cathode-trigger gap.
This, in turn, increases the ionization, which
reduces the anode-cathode gap striking volt-
age. The anode-cathode gap breaks down, but
the discharge within it is maintained. The
anode currentislimited by R, and the cath-
ode-anode voltage remains constant at the
tube’s maintaining voltage.

When the tube conducts, the trigger is
redundant. The tube’s glow, therefore, can
be extinguished in only two ways: firstly, by
reducing the anode current, and secondly by
bringing the anode voltage below the main-

taining voltage. As can be seen, the device
has some facets in common with both the thyra-
tron and the ignatron.

Known as grid glow tubes in the UK,
they were little used prior to the second
world war. Once hostilities had broken out,
however, the demand for triggering devices
for proximity fuses for bombs, torpedoes,
and the like, increased almost exponentially.
The cold cathode trigger came into its own.
Later, when hostilities had ceased, the tube
found another role. It was frequently used
in the ring counter circuits in early com-
puters, an example of which is shown in
Fig.7.

By the middle of the 1950s, the first com-
mercial thyristor or silicon-controlled
rectifier (SCR) was developed by the General
Electric Corporation. A decade later it had
eclipsed soft valves in many power control
applications. Nevertheless, gas-filled valves
continue to be used in the very-high-power
field.

Currently, the choice of gas depends on the
hold-off voltage, current handling and rate
of rise of current or turn-on time. Mercury
and xenon, for example, are used where high
currents are a priority, and hydrogen is the
preferred gas for high-voltage applications.
Hydrogen thyratrons, in fact, operate at gas
pressures of between 300 and 900 millibar
and have very rapid turn-on times. They
can handle stand-off voltages of 50 kV and
peak currents of around 5 kA. Among their
many applications is high-power laser switch-
ing.

Of course, neon, the original soft-valve gas,
is still very much with us, its orange-red

ALL GAS AND VAPOUR

glow indicating all manner of reassuring pa-
rameters from heartbeats to hertzs, Classic
FM* to miles per hour.

In their centenary year, however, the inert
gases are facing their greatest challenge:
semiconductors. SCRs, LCDs and micro-
scopiclaser devices already indicate the way
ahead. By the turn of the century, soft valves
may have joined their hard counterparts as
interesting relics of a past technology.
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BIDIRECTIONAL RS232-TO-
CENTRONICS CONVERTER

The link between a PC and its peripherals is usually either
parallel (Centronics) or serial (RS232). In some cases, however,
it is necessary to connect the PC’s parallel port to a peripheral
with a serial input, or the other way around (serial output to
parallel input). No problem with the data format converter
described here.

Design by A. Rietjens

DMITTEDLY the demand for paral-
el-to-serial converters is not as
high as it used to be, now that PCs are
equipped with a host of peripheral
connection options. None the less,
there are occasions when such a con-
verter is very useful. Take, for exam-
ple, the following situation: you are
using a number of programs that de-
fault to the first Centronics port to
produce hard copy, while printer port
redirection using the MODE command
is either not supported. or difficult to
achieve. Unfortunately, the printer is
in the room next door, and the dis-
tance is such that serial communica
tion is likely to be more reliable than
parallel communication. Another ex-
ample would be a printer with a
Centronics input only, which you
would like to connect to a serial cable.
The converter described here can
work in two directions: parallel to ser-
ial, or serial to parallel. Unfortunately,

these conversions can not operate si-
multaneously, but that will rarely
cause problems.

Block diagrams

Since the present circuit is bidirec-
tional (the direction being set with the
aid of jumpers), it is appropriate to
give separate block diagrams for the
two directions of conversion. These di-
agrams are shown in Fig. 1.

Before describing the general struc
ture of the circuit, a short discussion
on the protocols drawn up for commu-
nication via the Centronics and the
RS232 ports on a PC. The Centronics
standard is based on eight databits
which are conveyed in parallel. The

sending device signals the presence of

valid and stable data by pulling the
STROBE line logic low. The receiving
device has two ways of signalling its
state. By transmitting a BUSY signal,

it can inform the sending device that it
is busy, and can not handle new data
at that particular moment. The ac-
knowledge signal, which is active low,
and usually appears at the end of the
BUSY signal, is sent by the receiving
device to signal that a databyte has
been received correctly for processing.
Since BUSY and ACKNOWLEDGE have
roughly the same function, many
printers supply a BUSY signal only (al-
though an ACK connection is available
as a secondary function).

An RS232 link has a serial data
input and output at both ends. In ad-
dition to data lines, it has several con-
trol lines, which allow a number of
different modes of communication
(handshaking) to be implemented be-
tween two devices. One of these is the
XON/OFF handshaking protocol,
when the receiver transmits a certain
character via the serial data line to tell
the sending device to continue or stop
transmitting data. Most printers, how-
ever, employ hardware handshaking. A
line called DTR (data terminal ready) is
actuated by the printer to signal that it
is ready to receive data. Since the
transmission of serial bits is stopped
as soon as DTR is de-actuated, the
function of this line may be compared
with that of BUSY on the Centronics
port. Another possibility is the RTS (re-
quest to send) line. An active level on
this line indicates that the receiver
wants to receive data, or is ready to do
SO.

Armed with a basic knowledge
about the function of the main signals
we can start to examine the operation
of the converter circuit. Referring to
Fig. 1la, when parallel-to-serial con-
version is used, data enters the circuit
via the Centronics converter, and is
stored in a buffer (actually a latch)
under the control of the STROBE sig-
nal furnished by the sending device. A
special integrated circuit which con-
tains a parallel-to-serial converter and
a latch ensures that the eight received
data bits are shifted sequentially, in
the correct order. The sequence of
eight data bits is preceded by a start
bit, and followed by a stop and/or a
parity bit. The block marked ‘hand-
shake' arranges the communication
between the two sides. The busy and
acknowledge signals needed for this
purpose are derived from the DTR or
the RTS control signal supplied by the
RS232 sending device. The selection
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between DTR and RTS is made by the
user.

The diagram of the serial to parallel
converter (Fig. 1b) is virtually the mir-
ror image of its parallel-to-serial coun-
terpart. Serial data arriving at the
circuit are converted into parallel, with
the converter using the CTS (clear to
send) line to signal to the sending de-
vice that bits may be transmitted.
When a complete serial word is re-
ceived, the seven or eight databits con-
tained therein are conveyed, in
parallel, to a latch. Next, a strobe
pulse is issued to tell the equipment
connected to the Centronics output
that valid and stable data are available
for copying. At the same time, the
handshake logic looks at the state of
the BUSY line, to see if new data may
be transmitted. Figure 1b also shows
feedback between the converter's out-
put and input. This has been added
because many RS232 ICs in PCs ap-
pear to have a buffer of two bytes. This
means that the transmission of the
current byte is not stopped immedi-
ately on receipt of a ‘halt’ condition,
but the buffer is cleared first.
Consequently, the converter receives
another byte, although it has told the
sending device to stop transmitting.
This extra byte has to be stored, be-
cause the Centronics device is not (yet)
ready to accept it. The feedback causes
the extra byte to circulate in the con-
verter until the Centronics bus is freed
again.

So far, so good. Although the blocks
in the diagrams in Fig. 1 would appear
to cover all function of the circuit, the
handshake signals do require a couple
of discrete gates and bistables to be
added.

Circuit description

The heart of the circuit shown in
Fig. 2 is the Type COM8017 UART
(universal asynchronous receiver/
transmitter), which is a follow-up type
of the now obsolete AY-3-105D. The
COMS8017 arranges the conversion
from parallel to serial and vice versa.
These operations run under the con-
trol of a clock signal supplied by ICy, a
CD4060. The clock generator/divider
uses a 2.4576-MHz quartz crystal. The
dividers contained in the CD4060 pro-
vide the TCP and RCP (transmitter and
receiver clock) signals for the UART.
The frequency of these signals must
equal 16 times the desired baud rate,
and can be selected wit the aid of a DIP
switch block, which connects one of
IC2's outputs Q3-Q8 to the UART clock
inputs.

Another DIP switch block, S,, allows
the format of the serial words to be set.
The parameters are the number of
databits, the number of stop bits, par-

BIDIRECTIONAL RS232-TO-CENTRONICS CONVERTER u

selection).

parity; number of stop bits.

ity bit yes/no, and odd or even parity.
The function of each switch in the DIP
block is shown in Table 1.

The parallel data enter the circuit
via Centronics connector K,, and are

MAIN SPECIFICATIONS

® Conversion from parallel to serial, or serial to parallel (not simultaneously).
® Busy and acknowledge signal available for parallel input.
® Serial output programmable for crossed and non-crossed cable (or DTE/DCE

® Selection between RTS and DTR on serial output.
® Available baud rates: 9,600; 4,800; 2,400; 1,200, 600 and 300.
® Serial data format fully configurable: number of data bits, parity bit, odd/even

® On-board RS232 voltage level converter.

fed to a bidirectional databus buffer,
IC1. Depending on the logic level ap-
plied to pin 1, this buffer copies the
data at the Centronics input to the
COMS8017, or the other way around. At
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Fig. 1. Two block diagrams for a single circuit with two functions. One (a) for parallel-to-ser-
ial conversion, and one (b) for serial-to-parallel conversion.
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Fig. 2. The heart of the circuit is formed by IC3, a COM8017, which takes care of the data format conversion in both directions (not simulta-

neously, though).

the other side of the circuit, a special
IC is inserted between the serial input
and output of the COM8017 to take
care of the logic level conversion be-
tween the 5-V logic in the converter
circuit and the RS232 lines (which
carry symmetrical signals with a swing
between £5 V and +15 V). The special
IC is a MAX232, which contains a
combination of voltage doublers and
current-to-voltage converters. Outputs
Tlout and T2out supply signals with a
swing of about £10 V. Signals received
via the RS232 connectors are applied
to the Rlin and R2in inputs (pins 8
and 13) and converted into asymmetri-
cal 5-V levels.

When the parallel-to-serial conver-
sion is done, the serial data is avail-
able on pin 25 of IC3 (SO). After
conversion by ICg, the data then travel
to the TxD or RxD pin of connector Kj.
The selection between these two pins
is made with the aid of a jumper, and

UART COM8017

The COM8017 from Standard
Microsystems Corp. is a 40-pin
integrated circuit with a strong
resemblance to the familiar AY-3-1015
(produced by General Instruments
Corp., and now obsolete). The
COMB8017 contains all logic needed to
convert parallel data into serial, and
vice versa. The block diagram shows
the structure of the IC, which contains
an input/output buffer and associated
shift register, two blocks of logic that
serve to arrange the flow of data
traffic, a control register and a status
register. Although the structure of the
IC allows simultaneous two-direction
data traffic (full or half-duplex using
two virtually separate ‘channels’), this
feature is not used in the present
circuit, since situations requiring
simultaneous data format conversion
are few and far between.
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BIDIRECTIONAL RS232-TO-CENTRONICS CONVERTER
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Fig. 3. These timing diagrams should help to elucidate the rather complex operation of the circuit.

depends on the type of serial cable ap-
plied, and the type of equipment con-
nected. The position ‘1’ jumpers will
typically be fitted near the RS232 con-
nector when the equipment is of the
DCE type., while position ‘2" is used
with DTE types, which includes most
printers. The options for handshaking
with the serial equipment are DTR and
RTS. Select one of these in accordance
with the requirements of the equip-
ment you wish to connect. The user
manual will usually provide this infor-
mation.

Serial data to be converted into par-
allel are applied to the converter via
connector Ks. In this mode, the con-
verter behaves like DCE (data commu-
nication equipment), which is based
on the assumption that a computer is
connected. After the level conversion
in ICg, the data travel to the serial
input of IC3 (pin 20). The parallel data
available after the conversion is fed
out to outputs RD1-RD8. This byte is
then conveyed to connector K; via
buffer IC,. Ky then forms the Centron-
ics output of the converter. and may
be used to hook up a printer with a
standard Centronics input. The feed-
back loop indicated in the block dia-
gram is realised by a simple
connection between the output buffer
(RD1-RD8) and the input buffer (DB1-
DB9) of IC3.

Handshaking

The circuit diagram shows a number of
jumpers that can be fitted in two posi-
tions. With the jumpers fitted as
shown in the circuit diagram, the con-
verter functions as a parallel-to-serial
converter. Signals ‘busy’ and ‘acknowl-
edge’ enable the converter to provide
its current state information to the
equipment connected to K;. The busy
signal is fairly simple to generate. RTS
or DTR is active on K, if the serial
equipment is ready to receive data. If
the TMBT output of IC3 is also high
(transmitter buffer empty). NAND IC,
pulls the busy line logic low. This level
is also used to enable a small network,
D,-C;-R3-Ry, to derive the acknowl-
edge (ACK) pulse, which appears as a
logic O after the negative-going edge of
the busy signal. The 0 indicates that
the converter has received and
processed data. Next, if new data ap-
pears on the Centronics bus, the
equipment connected to K; will supply
a strobe pulse to signal that valid data
is available for loading into the con-
verter. This pulse is fed to the DS input
of 1C5, which responds by loading the
data into its input buffer. Next, the
data is converted into serial format,
and conveyed to the RS232 receiver.
During the conversion. TBMT is low
(and, consequently, busy is high).
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which means that the converter is not
ready to receive new data. Once the se-
rial data converter is no longer capable
of handling the incoming datastream.
it pulls DTR or RTS low, which also re-
sults in a ‘high’ busy line.

The other way around is ‘serial-in,
parallel-out’. A jumper is used to re-
verse the direction of buffer IC, (via the
logic level applied to pin 1). The ac-
knowledge signal is disconnected from
K;. The strobe line is turned into an
input, and the busy line into an out-
put.

As soon as ICz detects a negative-
going pulse transition (falling edge) at
its serial input (caused by data arriv-
ing [rom Kj3), the IC first checks if this
is a start pulse by measuring the
length of the pulse. The falling edge
also pulls the DAV (data available) out-
put of the COM8017 low. This is
achieved with the aid of the RDAV\
input. Also, S-R (set-reset) bistable
IC, is set, which is done to inform the
serial transmitter, via the CTS line, to
stop transmitting after the current
byte. After the conversion, the parall