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............................we will deny or defer to no one, 
right and justice.” 

from  the G reat Charter 1215 .

It is claimed and is self-evident that good government demands 
the intelligent interest of all citizens and it is a long, long time since 
John bowed to the barons at Runnymede.

The provisions against wrong and extortion which they drew up^~^ 
as against the King for themselves, they drew up as against themselve 
for their tenants . . . surely the significant point, to be followed fifty 
years later by Simon de M ontfort’s bold and happy innovation, a 
Parliam ent of Knights, Citizens and Burgesses which left to all later 
reformers nothing to do but improve it in detail— and Simon was by 
birth a stranger to England!

The Parliam ent in Canberra, our Parliam ent of the same blood 
line, when sitting is broadcast to all the people, communications in 
the free and noble sense and something Simon would have 
enthusiastically approved.

It is fitting therefore that Canberra with its fine University, its 
Academy of Science and seat of G overnm ent and its need to develop 
and keep good communications with the other peoples of the world is 
the venue for the 1965 Convention of the Institution of Radio and 
Electronics Engineers Australia.

M ay the Convention be complementary to the highly successful 
Dunrossil M emorial Lecture recently delivered by his Royal Highness 
the Duke of Edinburgh to honour a previous Patron of the Institution 
and Governor General of the Commonwealth of Australia, the late 
Viscount Dunrossil, onetime Speaker of the House of Commons, with^-v 
its unbroken succession since Simon’s Parliam ent of 1265.

M.A.B.

______________________ M
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V I E W P O I N T  W I T H  M U L L A R D  

MULLARD EDUCATIONAL SERVICE

IMullard

M any O utlook readers are aw are o f  the 
M ullard  E ducational Service and have m ade 
use o f the teaching aids available, the book
lets and pam phlets on p a rticu lar electronic 
devices and their application in discrete end 
products. In this issue we detail the field 
covered in that g reater use m ay be m ade 
o f this Service and its con tribu tion  to  the 
technical education  of A ustra lian  youth. 
The M ullard Educational service in A us
tra lia  has grown from  the E ducational 

' Service offered by o u r Paren t C om pany in 
the U nited K ingdom , this service is now in 
its ten th  year.

Tenth Anniversary of 
Mullard Educational Service

To m ark  the occasion a special exhibition 
was arranged  at M ullard  H ouse to show 
how it assists schools, technical colleges, 
universities, and industrial train ing  schools, 
to teach physics and electronic engineering. 
The exhibition was opened on N ovem ber 
11, 1964, by L ord  Bowden, M inister of 
State, D epartm en t o f E ducation  and Science, 
H er M ajesty’s U nited  K ingdom  G overn
m ent.

Over the ten years, m ore th an  8,000 
teachers and lecturers in G rea t B ritain  and 
the C om m onw ealth  have m ade use o f the 
facilities and in G reat B ritain  alone, since 
1954, the num ber o f individual enquiries 
received from  teachers has risen rapid ly  to 
the p resent ra te  o f 7,000 a year.

The Service provides aid to firm s’ train ing  
units, w ith m ateria l specially designed to 
teach  electronics to  students in industry. 
Help has been given to  T he R oyal College 
of Surgeons in p reparing a course to  teach 
m edical staff the fundam entals o f electronics 
— a tim ely step w hen electronic equipm ent 
is being used increasingly in m any branches 
o f m edicine.

The Service also acts as adviser on  elec
tronics courses, co-operates w ith th e  p u b 
lishers o f ch ild ren’s books and so on.

The exhibi
tion showed the 
range of the 
m a t e r i a l  
teachers c a n  
draw  on, one 
section fe a tu r
ing m ore than 
70 dem onstra
t i o n  experi
m ents devised 
by the Service’s 
engineers a n d  
published in a 
series o f book
lets.

Audio/V isual Teaching Aids
V isual aids include films, film strips, slides, 

the M ullard  E ducational C atalogue now 
listing 28 films and 67 film strips and a 
host o f publications and booklets describ
ing sim ple m easurem ent techniques, the de

sign and construction of classroom  ap p ar
atus. T he Service is adm inistered by 
M r. B. P. A. Beresford, M anager o f our 
Technical Service D epartm ent, an en
thusiastic  supporter o f youth  train ing  in 
the broadest sense. The Service operates 
from  o ur H ead  Office in  Sydney and in 
directly  th rough  our branch  offices in each 
State and the facilities extend from  basic 
electronics experim ents fo r schoolboys and 
schoolgirls right through to the training of

university students in nuclear physics.
The catalogue o f 16mm sound films and 

35m m  film strips and lectu re  notes will 
gladly be fo rw arded  on request, the films 
are  available on loan  or ou trigh t purchase.

Constructional Projects and 
Equipment Designs

D etailed  in specific leaflets are practical 
experim ents and dem onstrations th a t can be 
constructed  and operated  a t schools and 
technical colleges. It should be pointed out 
th a t the  M ullard  E ducational Service sup
plies the idea— circuit details, a lay-out 
photograph , theory, calibration  figures and 
operating  instructions. W e do no t provide 
any of the equipm ent o r kits but we 
are only too willing to answ er any technical

queries which m ay arise and to encourage 
the m anufacture  o f  o u r designs by o ther 
com m ercial com panies.

Wall Charts and Show Cases
Selected wall charts are provided and at 

specific request, fo r technical colleges and 
the like, show cases are p repared  fo r pe r
m anent displays o f an educational value, 
fo r exam ple the construction  o f valves, 
special electron tubes and sem iconductors,

and, m ore recently , exam ples o f th in  film 
circuit techniques.

Publications
W hilst the M ullard  E ducational Service 

em braces a wide group o f publications and 
leaflets in its own right, these a re  com ple
m entary  to the m any technical publications 
o f o u r Parent C om pany, M ullard L im ited, 
L ondon— as also the num erous publications 
produced locally in A ustra lia  by the T ech
n ical Service D epartm ent.

Practical experim ents suggested by the 
M ullard  E ducational Service are discussed 
in this issue o f O utlook on pages 34 to 40.

Som e o f these publications are available 
free to selected train ing  establishm ents and 
special bulk purchase  arrangem ents are

—»page 16

M r. B. P. A . Beresford.

Lord Bowden, M inister o f State, at the opening of the anniversary Exhibition at M ullard House, 
seen talking to Dr. F . E. Jones and Captain  S. R. M ullard , founder and D irector o f the Company.
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available for books, booklets and m ore 
advanced technical publications.
Technical Enquiries Service

T h e  E nquiries Service operates in co
operation  and a t specific request from  com 
m ercial concerns, institutions and various 
train ing  establishm ents tow ards the sugges
tion  and recom m endation of a particu lar 
train ing  approach, insofar as it is related 
to, say. electronic aids to  research  in m edi
cine o r a  p a rticu lar industry, fo r exam ple, 
the chem ical industry  o r the  practical engin
eering approach  to, say, static switching 
w ith solid state sw itching devices (N o rb its ) . 
It is essential in the train ing  of industrial 
contro l and au tom ation  technologists, that 
their syllabus o f train ing  include a com pre
hensive study and practical application of 
solid state  sw itching.
Mullard Norbit Simulator

F o r this purpose train ing  establishm ents 
are show n how to dem onstra te  N orb its by 
applying these in representative practical 
arrangem ents augm ented by the M ullard 
N orb it Sim ulator, a  self-contained equip
m ent. A lthough specifically intended for 
instructional purposes, the S im ulator p ro 
vides a m eans o f dem onstra ting  and check
ing the  steps involved in solving sw itching 
logic problem s as related  to N orb it appli
cation.

The M ullard  N orbit Simulator.

High-power Electromagnets for 
Universities and Technical Colleges

W hilst our n o rm al com m ercial range of 
m agnets extends from  tiny  T iconal and 
M agnadur m agnets fo r sm all instrum ents, 
hearing aids," television receivers and the 
like— and extending right th rough  to large 
high-pow er m agnets, w eighing m any tons, 
fo r industry  and research , M ullard  offer a 
special 1" e lectrom agnet fo r universities, 
technical colleges and sim ilar educational 
establishm ents to  enable them  to dem on
stra te  phenom ena associated w ith the  fu n 
dam ental physical p roperties o f m atter, 
such as nuclear resonance, H all effect and 
m agnetic  susceptibility. A  feature  o f this 
air-cooled m agnet type E E  103 2 is the ease 
o f access to the a ir gap m ade possible by 
keeping the d istance betw een the coils as 
g reat as possible, so as to  leave the gap 
a rea  free  from  obstruction . T he m agnet can 
therefore  be used in cryogenic experim ents, 
involving the use o f a D ew ar flask.

A  range of special pole pieces enables 
gap geom etry to  be varied  and a series of

accessories are available to extend the 
m agnet’s range o f applications. All pole 
pieces are fully adjustable fo r optim um  
field un iform ity  and are m ade from  
specially selected flaw-free high quality  iron.

T he E E1032 is a low  im pedance e lectro 
m agnet suitable fo r applications dem anding 
high field un ifo rm ity  and stability such as 
electron spin resonance spectroscopy and 
low resolu tion  nuclear m agnetic resonance.

Equipment for Nuclear Physics 
Experiments

M indful o f the ever-increasing dem and 
fo r advanced technological instruction, 
particu larly  in  areas w here students and 
graduates do no t have the facilities o f a 
nuclear reacto r, linear accelerator o r o ther 
high energy resource, we are  pleased to 
in troduce in this issue o f O utlook, the Visi- 
flux N eu tron  H ow itzer. T he device has been 
developed especially fo r train ing  in N uclear 
Science and Engineering. It is a  p roduct of 
im aginative design and extensive testing by 
leading educators in radio  isotope tech

nology, neu tron  physics and nuclear engin
eering. W ith the device is an  experim ent 
m anual show ing how  it can be  applied to 
eight specific experim ents in radiochem ical 
analysis and fifteen specific experim ents in 
nuclear engineering and neu tron  physics.

A sm aller unit is available with som ew hat 
restricted  facilities. The neu tron  source fo r 
both units being A m ericium -beryllium , 
Am-Be.

Neutron Activation Foils
In  addition  to  the H ow itzer a full range 

of neu tron  active foils a re  available fo r 
train ing  and research. A ctivation foils are 
probably  the  m ost widely used type of 
neu tron  detector, these are extrem ely re 
liable and a convenient m ethod  o f ob ta in 
ing neu tron  flux levels and spectra. An 
Experim ents M anual is furn ished  w ith the 
educational foils, each M anual containing 
the follow ing m ateria l —  therm al, in te r
m ediate and fast neu tron  flux m easurem ent, 
counting techniques and corrections, cad-

-» p ag e  35

The Neutron Howitzer.
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Practical Application of the Mullard 95BFY M.O.S.T. 
(Metal-Oxide-Silicon Transistor)

A description of the basic principles of the M.O.S.T. was given in Outlook Volume 8, Number 1. 
These principles are repeated here, for the convenience of readers, together with more detailed 
application engineering and typical circuitry. 
The 95BFY is essentially a developmental type, but in view of the intense interest in fouf- 
element field-effect transistors, this article is presented purely as general information and in 
due course readers will be advised when production devices are available for initial equipment.

One of the latest developm ents in the 
M ullard series o f field-effect transistors is 
that o f a fo u r elem ent type 95BFY . It is 
an insulated-gate field-effect transistor, the 
insulation o f the  gate being achieved by a 
silicon dioxide dielectric.

T he transis to r is thus well suited fo r use 
w ith h igh inpu t im pedance requ irem ents 
and fo r c ircuits requ iring  low  offset voltage 
and currents, such as chopper circuits, twin- 
T  oscillators, h igh  im pedance transducers, 
tim ing circuits, etc. As the 95B FY  is a 
m ajority  carrie r device it has no  transit 
tim e effects (as usually found with conven
tional transistors) and thus the frequency 
response o f the circuit m ay only be lim ited 
by its stray capacitance and the capacitance 
o f the device. Because o f its fourth  
electrode, the 95B FY  m ay also be used 
as a variable gain am plifier, m ixer, level 
detector, inhibit gate, D C  am plifier, etc.

W ith fo u r electrodes, a very large input 
resistance in  excess o f  10lll0 ,  low  input 
capacitance of 4 p F  and a  m utua l conduc
tance o f be tte r th an  1 m A /V , the m etal- 
oxide-silicon transis to r is the nearest solid- 
state equivalent to  the  therm ionic  valve.

Operation of the Transistor
The M .O.S.T. 95B FY  consists o f two 

diffused super-rich n-regions on a p-type 
silicon “substra te” . The n-regions, which 
are know n as the “source” and the “d ra in ” 
are separated  by p a rt o f the  p-type sub
strate. A  th in  layer o f  silicon dioxide acts 
as a dielectric betw een the  substrate  and a

sm all m etal electrode called the “gate” (see 
Fig. 1).

W hen the gate is m ade positive with 
respect to  the  source, e lectrons a re  a ttracted  
to  the  surface o f the substrate. T his form s 
a n-type layer (inversion lay er) near the 
oxide dielectric. T he greater the  applied 
gate voltage, the th icker will be this inver
sion layer. T he inversion layer fo rm s a 
conducting  p a th  betw een the tw o super-rich 
n-regions (d rain  and source) and hence a 
cu rren t will flow if a  poten tial is applied 
betw een them . Because the  gate voltage 
(V og) contro ls the thickness o f the inver
sion layer it consequently  con tro ls the 
m agnitude o f the d rain  curren t ( I d s ) .

Since the inversion layer is fo rm ed in the 
substrate  the gate voltage affecting the 
inversion layer m ay be off-set by  selecting 
a  su itably doped substra te  so th a t an  inver
sion layer still exists when the  voltage on 
the  gate is e ither negative, positive o r zero 
w ith respect to  the source. T he level 
of voltage thus requ ired  to  com pletely 
rem ove the inversion layer (hence cutting 
off the  d rain  cu rren t ( I d s )  alm ost to  zero ) 
is called  the  “pinch-off voltage” Vos<p>. 
W ith the  gate voltage ( V g s )  below  V Gs<p> 
the M .O.S.T. is well in the cut-off region 
(see F ig. 2 ) .

T he dra in  and source fo rm  P -N  junctions 
with the  substrate. Hence the source-to- 
d ra in  cut-off cu rren t (Insx )is o f the  sam e 
o rder as the  collector-to-base leakage cur
ren t in a conventional silicon p lan a r transis
tor. T hus I d s x  is the leakage cu rren t in the 
drain-to-substra te  N -P junction. T he leak

S iO , SO URCE G A TE M ET A LLIC  LAYER DRAIN
\  /  /\+ V 1+ V „

p - T Y P E  SU BSTRA TE

age betw een gate and substrate  is extrem ely 
low, as the gate is insulated  from  the sub
stra te  by the silicon dioxide layer. C onse
quently  the gate cu rren t is extrem ely low 
and the gate inpu t resistance is o f  the  order 
of io,2n.

SU B STR A TE  CONNECTION 

F ig . 1 Diagrammatic Representation of a M etal-O xide-Silicon Transistor.

F ig . 2 Typica l Ids/ Y gs Characteristic with 
as a Parameter.

The input capacitance (gate-to-substrate) 
is the  capacitance across the dielectric. This 
is practically  constan t and has a  value of 
abou t 4 pF .

The gate-to-drain capacitance is the 
“ M iller” capacitance and varies only slightly 
with large varia tions o f supply voltage 
(drain-to-source voltage) V d s .

T he ou tpu t capacitance is th a t o f a 
norm al P-N  junction  (drain-to-substrate) 
and varies w ith V d s .

All capacitances are independent o f drain 
cu rren t I d s .

Application
W hilst the com plete range o f applications 

o f  the M .O.S.T. a re  too  num erous to  be 
covered in th is article, som e typical 
exam ples are briefly discussed. In  m any 
applications o f the  95B FY  the substra te  is 
connected to  the source, bu t if the sub
stra te  has a  voltage negative w ith respect 
to  the  source the  I ds -  V gs characteristics 
is shifted as in Fig. 2.

-» p a g e  18
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VDS (v o lts )
C haracteristic with V0

W hen the M .O.S.T. tim er has triggered 
TR1 is bottom ed leaving the keyer open 
to receive the lOOc/s m ains rectified pulses 
fo r a  pre-determ ined  period governed by 
the M .O.S.T. tim er. The length o f this 
period is displayed by  the  dekatron  counter.

O ther form s o f M .O.S.T. tim ers are: 
m onostable m ultiv ibrators, astable m ulti
v ibrators, tw in-T  oscillators, etc. A  m o n o 
stable m ultiv ibrator is discussed below.

M.O.S.T. M onostable Multivibrator Timer

Fig. 5 show s a  m onostable m ultiv ibrato r 
w ith an extrem ely  long delay. T he basic 
o peration  is the  sam e as th a t o f a conven
tional tran s is to r m onostable. W ith the 
95BFY , how ever, the  gate cu rren t rem ains 
v irtually  constan t and does no t increase 
sufficiently to  ho ld  the  voltage across the 
capacito r C„ constant once the M .O .S.T. has 
bottom ed. T hus D1 serves as the  clam ping 
diode and charging pa th  fo r  C„.

T he delay is approxim ately  given by:
F ig . 3 Typ ica l Id

as a Parameter.

A  typical I ds -  V Ds characteristic  o f the 
95B FY  is show n in Fig. 3.
M.O.S.T. Timer and Dekatron Drive

The circuit show n in Fig. 4 consists of 
a M .O.S.T. tim er follow ed by a  conven
tional Schm itt trigger, D C  am plifier and 
keyer, and a su itable + 1 5 V  pow er supply 
regulated  by a  p a ir o f  zener diodes. The 
ou tpu t o f the keyer is fed into the tra n 
sistorised drive circuit o f the dekatron  
counter via the 0- 47/iF capacito r C ;.

t =  G .-R o • In
2E i—V ce—V d

E x- V k

w here V ce =  TR1 collector-em itter sa tu 
ra tion  voltage

V k =  determ ined from  95BFY 
characteristics and is a  func
tion  of R l  and V g s<p >
(C  in fa rads and R  in ohm s.)

X "
4- ov
-2 V

F ig . 5 M .O .S .T . Monostable M ultivibrator 
Timer.

T r i g g e r

M.O.S.T. Industrial Timer
A  suggested circuit fo r  a sim ple tim er is 

show n in Fig. 6.
W hen M S is closed D1 is reverse- 

biased allow ing C„ to  charge up via R» 
tow ards OV. T he re lay  A  will rem ain 
energised once the delay tim e has elapsed. 
The tim er is reset by depressing the reset 
button.

N eglecting leakage curren ts in com po
nents, the tim e delay is approxim ately  
given by

Co-Ro- In
E 2- V d

seconds

w here

. E , - V k

V d =  fo rw ard  drop  across D 1

V K =  a function  o f V g s<p > and the 
transisto r load resistance

V gs(p) =  pinch off voltage

W ithout using electrolytic  capacitors tim e 
delays up to  30 seconds are readily  possible.

—»page 19

'
► To c o n t r o l ,  e t c .

F ig . 4 M .O .S .T . Timer and Dekatron Drive.
E 2(-3 5 V ) E ,(- 1 5 V )

F ig . 6 M .O .S .T . Industrial Timer.
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A Simple Source Follower

Fig. 7 shows a sim ple circuit o f a source 
follow er w ith its substrate  connected  to the 
source. This circuit is equivalent to  a  con
ventional valve (ca thode) fo llow er with C l 
as the coupling capacito r and R1 the gate 
(g rid ) leak  resistor.

E , (+15 V)

I ds —
V i --  V<JS(F> 1
-------------------- 1-----

R 0 R 2J

2 (V , —  V gs,p,)  1
--------------------- H------------

0 R 2 0R-

The gain o f  the source fo llow er is given

i

by 

d (R Ids)

d V,
1 —

1

2/3R (V , ») +  1

and is alw ays less th an  unity. 

W here B =  gain facto r

WARNING
U nder no circum stances m ust the 

gate o f the  transisto r be connected to 
any apparatus operated  directly  o r 
indirectly by th e  m ains supply; such 
as a soldering iron  or test equipm ent 
unless the  apparatus is effectively 
earthed.

If this p recau tion  is not taken, the 
gate insulation is destroyed, rendering 
the transis to r inoperative. This is due 
to th e  large input resistance o f the 
95B FY  coupled together with the 
stray  capacitance and induced volt
ages o f the  apparatus.

A s an  exam ple, typical values fo r the 
95B FY  are

V gs(p, =  —6V

0  =  0.4 m A /V 2 at I ds =  3mA

V, =  12 V and R =  10kf!

1 i
The gain is =  1 — (— ) 

49

=  0-85

Fig . 7 A  Sim ple Source Follower.

Vi and Vo are input and ou tpu t voltages 
respectively.

The effective input is given by

Vj =  R Ids ”1“ V gs<P)

V„ =  R Ids

+  2 0 V

F ig . 8 10Mc/s IF  Am plifier.

lO M c/s IF Amplifier

A nother exam ple o f the application of 
the  95B FY  is show n in Fig. 8.

T he circuit has a bandw idth o f 200kc/s 
and a gain o f approxim ately  24dB. The 
source and substrate  are connected  to  a 
negative supply to  lim it the d rain  curren t 
to  10mA.

T he above brief exam ples o f application 
m erely  serve to  illustrate , in an in troduc
to ry  fo rm , th a t the 95B FY  M .O.S.T. lends 
itself to the already w ell-know n conven
tional transis to r circuitry.

W ith  the  additional advantages o f 10,zn  
typical inpu t resistance, 4pF  input capaci
tance, m utual conductance be tte r than 
Im A /V  and a fou rth  electrode, the  applica
tions o f the 95B FY  reach well beyond that 
o f the conventional transisto r.*

R. Z E N G E R , 
A pplications L abora to ry , Sydney.

HIGH FREQUENCY 
INDUCTORS

The m odern  trend  in com m unications 
system s requires each route o r link to carry 
a vastly increased num ber o f channels, 
which m eans th a t frequencies h igher than  
ever before are  now  being utilised. T o 
cater fo r 600, 1,200 and 2,400 com m unica
tion  channels in one system , carrier fre 
quencies are now  used in  the  range of 2 to 
12 M c/s.

F requency selective c ircu its .in  this range 
requ ire  com pact, high quality , stable induc
to rs and these can be m anufactured  from  
the M ullard  Blue Range o f V inkor adjust
able pot cores.

In d ucto r design in the 2 to  12 M c /s  range 
involves som ew hat different problem s than  
are encountered  a t low er frequencies. T he 
type o f w ire (essentially stranded or 
bunched), the type of bobbin  and the 
position of the w ire w ithin the bobbin 
assum e param oun t im portance in re la tion  to 
the inductor ‘Q ’ factor. T he principal losses 
th a t reduce the ‘Q ’ facto r o f the inductor 
are shown below.

DC W IN D IN G  LOSS 

R„
tan  8o =  —  (1)

uL

w here R„ =  D C  resistance o f winding.

E D D Y  CU RREN T LOSS 
IN  THE W IN D IN G

T he principal eddy cu rren t loss in the 
w inding is that due to proxim ity effect. The 
loss angle is given by

tan  5pe:
K. fd 4 nN

/ie
(2)

w here d =  bare  d iam eter o f  strand in cm 
n =  the num ber o f insulated strands 

in the conductor 
( =  1 fo r solid w ire)

N  =  num ber o f tu rns 
jiv — effective perm eability  
k„ =  p roxim ity  effect constant.

T he proxim ity effect constan t is a func
tion o f the core and w inding geom etry and 
the value o f /ie.

DIELECTRIC LOSS D U E  TO 
W IN D IN G  SELF CAPACITANCE

The loss facto r is given by 

tan  6ca =  <o2L C stan  5d (3)

w here C , =  to ta l self capacitance of the coil 
tan  6,i — loss facto r o f associated dielectric.
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NEW COMPONENTS FOR PORTABLE 
TELEVISION RECEIVERS

T he A28-13W  is a  rectangular, 11 inch, 
long-life P an o ram a  television picture tube 
which features an  alum inised, grey glass 
alm ost flat screen. Because of the deep- 
draw n m etal-rim  re inforcem ent, it may 
be used w ithout additional face-plate o r 
safety glass.

This screen size was selected fo r good 
en terta inm ent value com m ensurate w ith a 
sensible ra tio  o f  p icture  tube size and p o rt
ability.

T he A 28-13W  is designed fo r an  E H T  
voltage o f l lk V  and this factor, together 
w ith a  deflection angle o f 90°, results in 
very little  deflection pow er being required.
The narrow , 20m m  neck (as against 28.6m m  
fo r conventional p ictu re  tubes) reduces the 
required  deflection pow er by  a  fu rth er 30%  
and this low pow er consum ption, together 
w ith a  voltage sw ing a t the  cathode of 
only 45V fo r a good contrast p icture, 
renders the  A28-13W  em inently  suitable fo r 
transis to r drive.

T he heater ratings are 11V ±  15% at 
68m A. T he h eater voltage m ay be derived 
from  a conventional pow er transform er, a 
storage ba tte ry  o r from  a winding on the 
horizontal ou tpu t transform er.

M ullard------------------------------------------------

Horizontal Output Transformer
T he horizon tal ou tpu t transform ers m ay 

be obtained fo r use w ith valves (AT2043) 
o r fo r transis to r operation  (AT2042). The 
term inals on the transform ers are brought 
ou t to one side and shaped in such a way 
th a t the  transform ers m ay be used w ith a 
p rin ted  w iring board.

Deflection Yoke
T he high-efficiency deflection yokes 

A T  1020 (for use w ith valves) and A T  1021 
(for use w ith transistors) a re  designed to 
be  used with the  long-life Panoram a 
p ictu re  tube A 28-13W  and featu re  high 
deflection sensitivity and light weight, to 
gether w ith a  very low  tem pera ture  rise.

T he horizon tal linearity  coils AT4037 
(valves) and A T4036 (transistors) are de
signed fo r use in  conjunction  w ith their 
re levan t horizon tal ou tp u t transform ers and 
deflection yokes.

EHT Rectifier Valve
T h e  DY51 is an  indirectly  heated  (1.4V 

at 0.55A) E H T  rectifier valve w ith flying 
leads, a  m axim um  peak  inverse voltage of 
15kV and a  m axim um  peak  anode current 
o f 3 50/iA. Because o f its high reliability  
and light-w eight construction  it m ay be 
soldered directly  on to  the  p rin ted  w iring 
b o a rd ."

MAILING LIST
If  you change your location , don’t forget 

to let us know  in good tim e, otherw ise 
your O utlook m ay reach  you late  o r never. 
A nd please, w hen you change, quote bo th  
your old and your new  address. W e can 
then be sure o f destroying the obsolete 
m ailing plate.
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SILICON PLANAR INTEGRATED 
CIRCUITS

The story behind the development and manufacture of integrated circuits is briefly out
lined in this article by a simplified step by step description of the manufacturing process.

One of the  m ost rem arkable  featu res of 
integrated  circuits is their ex trem ely  sm all 
size (approxim ately  1 sq m m ) m aking 
possible the  m anufacture  o f com plex equ ip
m ent in  very sm all lightweight packages. 
A nother featu re  o f the  in tegrated  circuit is 
the  sm all num ber o f external connections 
which have to  be m ade by the  equipm ent 
m anufacturer, thus reducing the  assem bly 
cost and im proving the reliability.

F ig . 1. Construction of

In tegrated  circuits are m ost com m only 
m anufactured  by a  lithographic pattern  
technique on  a silicon substrate, coupled 
with a m etal-over-oxide technique, to form  
a netw ork  of in terconnected  passive and 
active elem ents, diffused in the sam e 
substrate. This is know n as the “p lan a r” 
process.

Basic Principle of Construction

T he “p lan a r” process consists o f layers 
o f P-type o r N -type additive, diffused into 
a  slice cu t from  silicon crystal. T he diffu
sion p a tte rn  o r  windows are obtained by 
photo-chem ically  etching an oxide layer 
previously grow n over the upper surface 
o f the substrate.

This oxide layer is an im portan t feature 
o f the silicon p lanar process as it provides 
a  h a rd  pro tective  coating to  the  junction. 
I t  is interesting to  note th a t in  o rder to 
re ta in  this p ro tec tion  during m anufacture  
the oxide is allow ed to  re fo rm  afte r each 
etching and diffusion process step.

Fig. 1 illustrates the construction  of an 
N -P-N  tran sis to r o r an N -type substrate. 
It will be noted  th a t two successive diffu
sions are requ ired  in o rder to  fo rm  the  base 
and em itter, and hence tw o subsequent 
grow ths o f oxide layer and w indow  etching.

Circuit Isolation

I f  several diodes and transisto rs are 
form ed on a com m on N -type substrate  the 
diode cathodes and transis to r collectors 
w ould be connected v ia the substrate. 
T herefore, in o rder to  create  an in tegrated 
circuit it is necessary to  isolate the  ele
m ents. T his is achieved by using a  silicon 
P-type substrate  on to  which is grow n an 
epitaxial N -type layer. T he P-type sub

stra te  w ith its N -type epitaxial layer is 
subjected, v ia  etched windows in the oxide 
layer, to  a deep P diffusion reaching down 
to the P substrate. In  this way a  num ber 
o f N -type islands are obtained (see F ig. 2 ).

Iso la tion  betw een islands is m aintained 
by reverse b ias o f the P-N  diodes thus 
obtained, how ever due to leakage and deple
tion  capacitance com plete isolation  is no t 
possible.

silicon planar transistor.

Epitaxial Planar Manufacturing Process
A  discrete circuit elem ent is now p ro 

cessed w ithin each island and the  required  
in terconnection , in o rder to  fo rm  the c ir
cuit, m ust now  be provided for.

T his is achieved by etching windows 
th rough  the  oxide layer to  the  P  and N  
regions to  w hich connection  is to  be m ade. 
M etal is then  evaporated  over the  windows 
and  m icro-alloyed in to  the  crystal. In te r
connection is achieved by evaporating 
a lum inium  over the  oxide insulating layer 
th rough  a pho to  m ask, thus form ing the 
desired circuit.

T he p lan ar transis to r com m only  has its 
co llector connection on the  underside of 
the  substrate, how ever as it is necessary 
to  use an insulating substrate  and as in te r
connection  is required  to  be evaporated  on 
the top surface, it is necessary to  bring the

ISOLATED EPITAXIAL A

collector connection also to  the top. This 
results in a long p a th  th rough  the  N  
m ateria l resulting in high collector resis
tance. A  well know n m ethod  o f reducing 
th is undesirable resistance consists o f m ak 
ing an additional N  +  (low  resistivity) 
diffusion th rough  the  collector con tact w in
dow p rio r to  evaporating  the m etallic 
contact. M oreover, in those cases where 
low  bottom ing voltage is requ ired  an N  +  
layer m ay  be m ade th rough  an appropria te  
w indow  before the  epitaxial layer is grown.

1. A  silicon crystal containing a  P-type 
im purity  (B oron) is sliced w ith a diam ond 
saw  into w afers o f approxim ately  -012". 
T he w afer is then  lapped w ith a  very fine 
abrasive and chem ically  etched to  fo rm  an 
extrem ely sm ooth shiny surface. T he th ick
ness o f  the finished substrate  is approxi
m ately -005".

2. T he substrate  is now  placed in a fu r
nace contain ing  an  oxidising atm osphere at 
1200°C to  fo rm  a surface film o f silicon 
dioxide.

3. Formation of the Collector Layer.
T he oxidised substra te  is coated w ith a 
photo-resist and exposed th rough  a  high 
reso lu tion  m ask, the unexposed regions 
a re  then  washed aw ay and the substrate  is 
etched in hydrofluoric acid to rem ove the 
silicon dioxide layer.

4. N  +  Collector Diffusion. A fter e tch
ing, the w afer is p laced in a  special high 
tem pera tu re  fu rnace containing a phos
p horous atm osphere. T he tem pera ture  o f the 
fu rnace  is raised  and the  phosphorous 
im purity  diffuses in to  the unpro tected  sec
tions o f the substrate  fo rm ing  an  N  +  
region of low  resistivity (approxim ately  
•0 0 2 n cm ).

p

Fig . 2. M ethod of obtaining circu it isolation by means o f deep P diffusion.

—>page 22
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5. Epitaxial Layer Growth. Now  th a t the 
N  +  layer is com pleted, the  silicon dioxide 
layer is again rem oved from  the  substrate  
by etching w ith hydrofluoric acid, and is 
then  p laced in a  fu rnace w here an N  type 
epitaxial layer is grown. T his is achieved 
at a tem pera ture  o f 1250°C  when a m ix
ture o f silicon tetrach loride  (SiCL) and 
hydrogen is allow ed to flow over the sur
face. T he reduction  m echanism  allows the 
slow grow th o f silicon on to  the substrate 
and conditions are  usually  chosen so that 
the layer grows a t a  ra te  o f 1 n /m in . In 
th is way layers o f from  1 o r 2 to 50 ^  can 
be grow n with good contro l, and by adding 
an N  type im purity  at a contro lled  ra te , an 
N  type layer is bu ilt having the required 
resistivity, held w ithin close lim its. The 
resistivity o f the epitaxial layer is usually 
abou t lQ cm .

On com pletion of the  layer grow th the 
substrate  is again subjected to  an  oxidising 
a tm osphere to fo rm  a protective silicon 
dioxide film.

6. Circuit Isolation, Masking and D iffu
sion. T he substra te  is again  coated with 
photo-resist and again exposed through 
a  photo-m ask  to  fo rm  the  circuit isolation, 
these are  in the  fo rm  of bands, as shown 
in Fig. 2. T he unexposed portions o f the 
silicon dioxide are again etched and the 
w afer placed in a furnace containing Boron 
a tm osphere o r P  type dopant. T he dopant 
diffuses th rough  the N  type epitaxial layer 
fo rm ing  a highly concentra ted  P type 
region extending th rough  to  the  P  type 
substrate. Follow ing this diffusion process 
the  oxide film is allow ed to  regrow  over 
the  a rea  and the  substrate  is now  divided 
in to  isolated N  type regions w hich will 
becom e the tran s is to r and resistor areas.

7. Base Masking and Diffusion. T he sub
stra te  is again m asked and etched fo r 
sim ultaneous diffusion of the  base regions 
and resistors. Once again B oron is used 
as the  diffusion im purity , and afte r the 
diffusion process exposure to  an oxidising 
a tm osphere, passivates the substrate  once 
m ore.

8. Emitter Masking and Diffusion.
A n o th er photo-m asking and etching step 
rem oves the oxide from  the  em itter region 
and collector contact. T he diffusion takes 
p lace a t 1200°C  in a  phosphorous a tm os
phere  (an  N  type im p urity ).

10. Interconnections. T o this p o in t the 
substrate  has been subjected to  a  consider
able num ber o f process steps, how ever 
m any substra tes can  be processed at a  tim e 
and each w afer contains upw ards o f two 
h undred  in tegrated  circuits. T he w afer is 
now cu t into individual circuit chips ready 
fo r packaging, external connection and test
ing. All outside circuit connections are 
b rough t to  contact pads on  the  periphery  
of the chip to  w hich gold wires a re  therm o
com pression bonded.

Regardless o f the com plexity o f the c ir
cuit, the  integrated  circuit m ust pass the 
sam e process steps as described, how ever 
in the interests o f best possible p roduction

yield and, hence, low est possible m anu
factu ring  cost, it m ay be advantageous to 
in terconnect a  num ber o f basic in tegrated 
circuits m ounted  w ithin the sam e package. 
In  certain  instances w here perfect isola
tion  is requ ired  and w here resistors and 
capacito rs having zero  tem pera tu re  and 
voltage coefficients are required , it m ay 
prove advantageous to  use a com bination 
o f silicon p lan a r and th in  film  technique 
within the  sam e package. H ow ever current 
developm ent will find the  best com bination 
o f these techniques to  provide the  ideal 
balance betw een cost, perfo rm ance  and 
reliability .*

H. S. W A TSO N , 
A pplications L abora to ry , Sydney.

F ig . 3. Schematic cross-section of a processed silicon transistor and resistor 
showing regions N -)- region diffused in P substrate, N -f- co llector contact, 

P isolation and P-type resistor element. This diagram also illustrates 
m icro-alloyed m etallic contacts.

9. Exposure of Contact Area and M etal
lisation. The circuit elem ents are now  com 
plete and it rem ains to  interconnect them  
into th e  requ ired  circuit. T he substrate  is 
photo-m asked and etched once m ore to 
rem ove the oxide from  the contact points 
and the substrate  is then  placed in a 
vacuum  cham ber w here alum inium  is 
evaporated  over the  surface, the m etal 
m aking contact w ith the etched regions is 
now  m icro-alloyed to  the  crystal.

PHOTO-SENSITIVE RELAY
(see Outlook Volume 8, N um ber 1)

R eaders’ a tten tion  is draw n to the fac t th a t w ith som e types o f re lay  it is 
necessary to  lim it the back em f, induced when cu rren t ceases to  flow through 
the solenoid, in o rder to  p ro tec t the sw itching transistors.
This m ay  be accom plished by  installing a M ullard  OA91 diode, reverse- 
connected in paralle l w ith the  solenoid.
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VOLTAGE CONTROLLED OSCILLATORS
In this article two voltage controlled oscillators (VCOJ are discussed; one 
based on a Miller integrator and the other on a free-running multivibrator.

A voltage contro lled  oscillator —  V C O  — 
is defined as one in which the frequency is 
a function  of the input voltage and the o u t
put voltage of the oscillator takes the form  
of a  sine wave, a  square wave, a  saw too th  
o r any o ther periodic  function. A  typical 
exam ple o f a  V C O  m ay be found  in the 
fo rm  o f the  frequency contro lling  stage in 
an  F M  transm itte r w here the deviation of 
the ou tpu t frequency is an alm ost linear 
function  of a relatively slowly varying input 
voltage (au d io ).

In industrial electronics, linear V C O s are 
em ployed fo r m easuring purposes, the V CO  
being used fo r an analogue-to-digital con 
version. T oday  it is possible to convert all 
practical m easurem ents into a p roportional 
DC voltage. By applying this DC voltage 
to the  input o f a  linear V C O  a frequency 
proportiona l to  the  D C  voltage will appear 
at the ou tpu t —  i.e., the m easured  value is 
now available in digital form  and can be 
registered by  a counter. F u rth e rm o re , it can 
be easily transm itted  fo r rem ote  reading 
w hich can  be in digital fo rm  or, after 
dem odulation, in analogue form . This appli
cation will norm ally  requ ire  a  V C O  of very 
low frequency (2 to  5 c /s )  and a large 
deviation (1 -1 0  o r m o re).

VCO Based on M iller Integrator
A  M iller in tegrator, w ith the  transistors 

T R I a, T R I b and  TR 2, is used to  achieve 
a low  frequency. T R I a and T R 1B are con
nected to fo rm  a  high-gain D arlington pair 
while TR 2 is an em itter follow er from  
which the feedback is taken.

T he M iller in tegrato r is capable of supply
ing a very long, linear sweep w ith small 
values o f R and C. A ssum ing the voltage 
gain is A, the input voltage E and the o u t
pu t voltage E s :

E s =  AE I 1 -  e RC (1 -  A )

E t  t

RC 2 R C /A /

E t
~  — ------- fo r R C /A /la rg e

RC

It can be seen from  this equation  that 
the capacito r acts as if it had  the value 
C ( l —A ) and, accordingly, its value can be 
kept sm all. W ith an increase in gain (A ) ,  
the deviation from  linearity  will decrease.

A n oscillation is obtained if the M iller 
in teg rato r is reset when the sweep has 
reached  a certain  voltage. T his oscillation 
has a frequency p roportional to  the input 
voltage, E , since the slope of the sweep 
will vary  linearly  with E (fo r R C /A /la rg e ) .

Since the reset tim e is finite, an e rro r will 
be introduced, as the percentage of the 
total sweep will be h igher at high freq u en 
cies th an  a t low  frequencies. In  o rder to 
reduce the reset tim e, the capacito r C  can 
be kept sm all, as m entioned above. I t  is 
discharged th rough  the output im pedance 
of the em itter follow er TR 2 which m ust, 
therefore, have high gain. R1 m ust be 
kept as sm all as possible w ithout losing too 
m uch voltage gain. The diode D  supplies 
TR1 with a sm all positive bias preventing 
it from  being cut-off during the reset cycle.

The com plete oscillator consists o f the 
M iller in tegrator and a feedback loop, a 
resetting voltage being fed back to  the base 
o f TR1 when the ou tpu t voltage has reached 
a certain  value.

The output voltage itself m ust be m odi
fied as, for resetting, a sharp  pulse is 
required  and this is obtained w ith the aid 
of a regenerative circuit. F u rth e rm o re , it is 
necessary to in troduce a certain  am ount of 
delay in the feedback loop and this is 
achieved by the sw itching transis to r TR3 
and the m onostable m ultiv ibrato r T R 4 and 
TR5.

W hen the ou tpu t voltage has reached  the 
zener voltage o f Z th is will conduct and 
sw itch on  TR3. A  positive-going pulse will 
appear a t the  collector o f TR3 w hich, via 
C ., will trigger the m ultiv ibrator. A nega
tive-going pulse will appear at the collector 
of TR 5; this pulse is fed back to the base 
of T R 6 via C 4, causing it to conduct and
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reset the M iller integrator. T o ensure the 
com plete discharge o f C  the m ultiv ibrator 
pulse width m ust be at least equal to  the 
reset tim e of the M iller integrator.

In  the range of 2 to 2 0 c /s , an overall 
linearity better than  1% of the V C O  is 
easily obtained. C being only o f the o rder 
o f 0.5 to  1.0/iF.

I Mullard I

V CO  Based on Free Running Multivibrator

A nother V CO  w hich is very useful in 
applications where linearity  at very low 
frequencies is not required, is show n in 
Fig. 2. Basically, th is V C O  is a  free-running 
m ultiv ib rator, the frequency of which is 
controlled by the input voltage Vc- The 
period of a sym m etrical free-running m ulti
v ib rator is:

T  ~  0 .7 -R b -C

w here C is the cross-coupling capacitor 
(C  =  Ci =  C 2) and R b is the base resistor 
(th is resistor does not exist in Fig. 2 for 
reasons explained later in this a rtic le ). In 
o rder to achieve a low frequency Rb-C 
m ust be large. Since the capacitor required  
is o f the o rder o f 1 /iF, electrolytic capaci
tors are unnecessary and indeed should be 
avoided because o f their large tem perature  
coefficient. R b is lim ited by the fact that it 
m ust be  sm all enough to supply the  base 
curren t fo r the conducting transistor.

The lim itation p laced on the value of Rp, 
can be reduced by supplying base current 
fo r the conducting transis to r via the 
opposite collector load  resistance. T his is 
achieved by in troducing the  zener diodes 
Z, and C onsider fo r exam ple the ch arg 
ing o f C3 when TR 3 is sa turating: the 
voltage across C.~ increases until it has 
reached the zener voltage o f Z; w hich con
ducts and fo r the rest o f the conduction 
period the base curren t is supplied via R,, 
the value of the curren t being:

V b -  V ,
I b =  —--------- -

R i

where Vb is the supply voltage. T he zener 
d iode m ust be selected so th a t Vb >  V*.

A s the base resistors do no t now  have 
any function  during the conduction periods 
o f the transistors, only one base resistor —  
or one base feeding arrangem ent —  is 
required, this being connected to TR1 and 
TR 3 respectively during their non-conduct
ing periods. T his is achieved by the  diodes 
D1 and D2, the polarities o f which are such 
that D2 will be conducting  when TR3 is 
cut-off and vice versa.

In Fig. 2 the com m on base resistor has 
been replaced by the transis to r T R 2 in 
grounded base configuration which, due to 
its high ou tpu t im pedance, acts as a con
stant cu rren t source. T his results in linear

charging of the capacitors Ci and C : and 
the follow ing equation is valid:

1 T
V c A ------- • Ic. —  =  0

C, 2

where V Ca is the m axim um  voltage across 
the capacito r (C i o r C2). In this case V CA 
equals Vz.

Hence
2-V z-C i

r = -----------
Ic

or
Icf = ---------

2-V z-C i

As the input im pedance o f TR2 is very 
sm all Ic is essentially determ ined by the 
resistor R,.

Hence
Vcf = ------------

2 -V z 'C i-R i

The m ultiv ib ra to r frequency is thus a 
linear function of the input voltage Vc-

The linear range o f this circuit configura
tion is lim ited to a lowest frequency of 
about lO c/s. The total range is very large
—  a frequency varia tion  1:200 being easily 
obtained. A part from  the application as a 
linear V C O  this circuit is therefore  ideal 
fo r a sim ple, w ide range pulse generator.*

D. L A R SEN , 
A pplications L abora to ry , Sydney.

HIGH FREQUENCY 
INDUCTORS
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I t  is apparen t in (2) th a t as ‘/ie’ >s usually 
low  (i£40) and ‘N ’ is sm all (< 3 0 ), the 
strand d iam eter 'd ' is the contro lling  factor 
and it is very beneficial to use the sm allest 
gauge o f wire available, even to the extent 
o f using 50 s.w.g. In som e instances it is 
also beneficial to  use a 'L itzendrah t' con
figuration of stranded wire. In reducing 
the strand diam eter, it m ust be appreciated 
th a t the D C  resistance (1 )  will be increased, 
and sufficient strands m ust be used to keep 
this part o f the coil loss w ithin reasonable 
lim its.

It has been found that the leakage flux 
em anating  from  the gap in the centre o f the 
pot core causes an increase in the eddy- 
curren t loss in the winding. This can be 
counteracted  by keeping the w inding as fa r 
from  the gap as possible as shown in the 
figure. A suitable m aterial fo r  positioning 
the wire in the bobbin is polystyrene or 
m elinex tape. T he dielectric loss can be 
m inim ised by keeping the  to ta l self capaci
tance ‘C s’ (3) and its dielectric loss, small. 
The turns o f the w inding should be widely 
spaced, possibly by using m ulti-section 
polystyrene bobbins, and also positioned 
aw ay from  the centre o f  the po t core as 
shown in the figure.

The core losses also reduce the ‘Q ’ fac
tor, bu t fo r the Blue Range of V inkors 
these are very low as they a re  carefully 
m anufactu red  from  a h igh quality  grade of 
nickel-zinc ferrite  (BIO). T he range com 
prises four sizes from  10 to 18mm in 
d iam eter and effective perm eabilities o f 16, 
25 and 40.■

VINKOR MANUAL
T his M anual has been revised and en

larged and shows a t a glance the extensive 
range of M ullard  V inkor A djustable Pot 
C ores. This publication not only enables 
designers to  select the V inkor m ost suitable 
fo r a specific application, bu t shows all the 
essential technical characteristics set out in 
a  convenient form . A lift-out broadsheet 
is included fo r quick design reference.

T he V inkor M anual is available from  
M ullard  Offices and D istribu tors th roughout 
the  C om m onw ealth , priced at 5 /3 d  plus 8d 
postage.

ADJUSTER MECHANISM

POLYSTYRENE BOBBIN

FERRITE CUP CORES
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Mullard I

DRIVE CIRCUITS FOR CRITICAL APPLICATIONS 
OF THE Z504S COUNTER TUBE

Particularly economical circuits may be designed for the Z504S counter tube by using integrated 
pulse drive where the full performance of the tube is not required. However, there are situations 
where the tube must be driven at the upper limit of its frequency range, possibly with long 
standby periods, and it is imperative that the maximum possible life be obtained from the tube.

As a result o f a  num ber o f life test 
experim ents, it has been found that if 
rectangular pulses are used fo r stepping the 
tubes, and certain  voltage and curren t con
ditions are  specified, th a t the  life expectation 
is only lim ited by obscuration  of the view
ing dom e (due to  sputter deposition on  the 
inner surface of the tu b e) a t som e 15,000 
hours. W here visual indication is not 
required, a  life in excess o f  25,000 hours 
m ay be expected.

A circuit w hich m eets all the requ ire 
m ents set by  th e  tube w hen it is operated  
under stringent conditions is shown in the 
d iagram . Fig. 1. It consists o f tw o identical 
m onostable m ultiv ibrato rs using N -P-N  
transistors. E ach  m ultiv ibrato r uses one low 
voltage and one h igh voltage transistor.

The high voltage transisto rs are powered 
from  a  +  125 V H T  line, and their collec
tors a re  RC coupled to  the respective 
counter tube guides via a D C  restorer 
circuit w hich ensures that the guides return  
to their bias voltage o f +  48 V  during 
their rest periods.

The input signal triggers the first m u lti
v ibrator, which has an input sensitivity of 
5.5 V. A lm ost any signal which has a 
peak value greater than  5.5 V will trig 
ger the circuit. T he m ultiv ib rator when 
triggered produces a negative going ou tpu t 
pulse which is coupled to G uide A on the 
counter tube. The positive (tra ilin g ) edge 
of this pulse is used to trigger the second 
m ultiv ibrato r, this action taking approxi
m ately tw o m icroseconds (2 /isec) to

com plete. The second m ultiv ibrator then 
produces its negative ou tpu t pulse which is 
coupled to  G uide B on the counter tube.

T here are a  num ber o f reasons fo r using 
m onostable m ultiv ibrators in this drive 
circuit. F irstly  an ou tpu t pulse is produced 
which is accurately  defined in voltage, 
w idth (tim e) and rise tim e, these term s 
being quite independent o f the input signal. 
The shape of the pulse has an im portant 
bearing on the life to be expected from  
the tube, the life figures quoted above being 
obtained with rectangu lar pulse drive as 
produced  by this circuit.

Secondly, the circuit can be driven by 
quite low  input energies (5.5 V  into 
approxim ately  25 k f!) bu t is neverthe
less quite stable and unaffected by noise at
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A SPECIAL PLACE FOR GOLD-BONDED DIODES 
IN THE SEMICONDUCTOR DIODE RANGE

I Mullard ------------------------------------------------------------------------------------------------------------------------ ---------

W hen point contact diodes were the only 
germ anium  diodes available, the engineer 
had little difficulty in deciding what to use. 
T here  w ere then  only two general types—  
high voltage and low  voltage, the la tter 
being ra th e r fa ste r th an  the form er. N ow , 
however, the user m ust choose betw een 
germ anium  poin t con tact and germ anium  
gold-bonded diodes and m ust also consider 
silicon alloy and silicon p lanar diodes, these 
follow ed la te r by  m icro-dot diodes and a 
com plete range o f sim ilar new  constructions.

Gold-Bonded Diodes
In  the m anufactu re  o f gold-bonded 

diodes, the three m ain variables are: junction  
area, the resistivity o f  the original germ an
ium  w afer and the  lifetim e of the carriers 
in the  m ateria l which affects the recovery 
tim e of the finished diode. E xam ination  of 
the  M ullard  range o f devices shows th a t the 
OA5 provides the highest hold-off voltage 
bu t is ra th e r slow; the  single-ended con
struction  o f the OA5 enables it to be etched 
a fte r the junction  is m ade and this gives a 
diode w ith good stability and a very low 
leakage current, at the highest possible 
voltage. T he A A Z15 is a double-ended 
version o f the sam e diode and it can be 
seen from  the published da ta  th a t w hatever 
can be achieved w ith a double-ended diode 
and no post etching, it is always possible 
to get slightly be tte r results w hen a single
ended envelope is used and post etching is 
done. The AA Z15 is a  little  faster than 
the OA5, as a  certain  am ount o f ‘k iller’ 
im purity  is added to the crystal to  reduce 
the lifetim e. U nfo rtunate ly , processes which 
reduce the lifetim e and thus increase the 
speed o f the diode also tend to reduce the

m axim um  usable voltage. F o r even higher 
speed, the A A Z17 is a faster diode at an 
even low er voltage, supplied in double- 
ended construction. This diode achieves an 
acceptable com prom ise o f voltage and 
speed.

Fast Computer Diodes

T he O A 47 has been available from  
M ullard  fo r som e considerable tim e and, at 
25V and 280 pico-coulom bs, is a good deal 
faster than  the  A A Z17, bu t o f course has 
a lower m axim um  usable voltage. M ost 
designers need a faster diode and 25V was 
quite adequate  fo r transis to r com puters; but 
it was w ith the discovery th a t the  OA47 at 
25V was not fully satisfying the users’ 
requirem ents th a t the AA Z17 was recently 
introduced. Som e designers requ ired  a h igher 
voltage diode— not because they  w ished to 
use the voltage bu t because they fe lt that 
the  h igher voltage gave them  a greater 
safety  factor.

F inally  comes the A A Z13, w here the 
u tm ost speed in germ anium  gold-bonded 
diodes is com bined w ith a  voltage adequate 
fo r o rd inary  com puter circuits. F o rtuna te ly  
fo r the  diode m anufacturer, the h igher the 
speed of com puter operation  the  g reater is 
the need to reduce the  voltage swing at any 
point in the com puter, in o rder th a t the 
charging of stray capacitances does no t use 
up too m uch energy. It is this need to 
reduce the voltage swing th a t m akes the 
AA Z13 acceptable w here speed is the first 
necessity, price the second and the lower 
voltage given by germ anium  physics is 
acceptable as a result.

Future Developments

T urn ing  now  to  fu tu re  developm ents, if 
silicon alloy diodes are p lo tted  on a sim ilar 
curve to those of germ anium , it will again 
be seen th a t it is possible to  achieve the 
various com prom ises o f voltage and speed, 
but th a t in general, fo r a given speed, the 
voltage is h igher th an  in germ anium  gold- 
bonded diodes. The O A 202 represents one 
point on  this curve, and is a typical alloy, 
low -to-m edium  speed, silicon diode in the 
double-ended m iniature envelope. W ith 
silicon p lan ar diffused junctions it seems to 
be possible to achieve a different o rder of 
com prom ise o f speed and voltage and to 
provide diodes with h igher speeds fo r a 
given voltage or h igher voltages fo r a given 
speed, th an  can be found  w ith silicon alloy 
diodes, w hich are them selves a  considerable 
im provem ent in this characteristic  on  ger
m anium  gold-bonded diodes. It m ust, of 
course, be rem em bered th a t germ anium  
gold-bonded diodes are not only m uch 
cheaper than  the present silicon alloy 
devices, bu t they also provide a low er fo r
w ard drop  fo r a  given curren t— an im port
an t p a ram ete r in a num ber o f applications. 
M ullard  are developing silicon p lan a r diode 
techniques and in due course hope to 
provide the circuit designer no t only with 
new er and im proved perfo rm ance  devices, 
bu t also to m ass produce at prices which 
prevent them  being treated  as interesting, 
but uneconom ical, “specials” .

T he range o f M ullard  professional sem i
conductors is tabu la ted  in the  M ullard 
Sem iconductor D esigners’ G uide w hich is 
available to  sem iconductor design personnel, 
on  request.*

DRIVE CIRCUITS FOR CRITICAL APPLICATIONS OF 
THE Z504S COUNTER TUBE
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the input o r on  the  pow er supplies. T hird ly  
as the  takeover tim e of the second from  
the first m ultiv ib ra to r is only of th e  order 
o f 2,u.sec w hich is considerably less than  
the de-ionisation tim e of the counter tube, 
there  is no  possibility o f the  tube anode 
voltage rising to  the  po in t w here breakdow n 
to  the  previously prim ed  m ain  cathode can 
occur. T h is is a  particu larly  im portan t 
po in t in relation  to  reliable counting, and 
is an  achievem ent o f the double m ulti
v ib rato r circuit w hich cannot be m atched 
by o th er types o f circuit.

I t  has been found  from  a series o f life- 
test experim ents th a t fo r m axim um  reliab i

lity  o f counting when the tube is to be 
operated  at m axim um  frequency o r a t very 
low stepping rates (standby periods greater 
than  three  h o u rs) , the positive guide bias 
voltage should lie betw een 45 and 50 V, 
and the anode cu rren t should be  330 /iA. 
In addition, the  negative guide voltage 
during stepping should no t exceed 70 V, 
and th e  m axim um  positive excursion on any 
m ain cathode should no t exceed 35 V. 
All these conditions are met in this double 
m ultiv ibrator circuit.

Testing of units bu ilt according to this 
circuit confirm s the rem arks m ade above 
concerning counting reliability  a t bo th  
extrem ely low  and at the  highest frequen

cies. In  fact any tube will operate  at up 
to 50%  higher th an  its nom inal frequency 
lim it o f 5 k c /s . C ounting  at h igher fre 
quencies th an  5 k c /s  is no t recom m ended, 
how ever, bu t the  ability  to  do  this ensures 
th a t the tubes will be operable  a t their lim it 
frequency  over the  w hole o f life.

A lthough this circuit is n a tu ra lly  m ore 
com plex and therefore  m ore expensive than  
its sim pler counterparts, it provides an 
u tte rly  dependable counter tube drive which 
requ ires no input pulse shaping, and is 
th ere fo re  m ost suitable fo r inclusion as the 
first decade in a m ulti-stage co u n te r."

J. G. A L E X A N D E R , 
A pplications L abora to ry , Sydney.
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LADDIC IN COMPLETELY FAIL-SAFE 
FIRE ALARM

With the increasing world usage of nuclear reactors, growing complexity of railway 
systems, and expansion of other fields where malfunction can cause disaster, the 
necessity of switching systems which fail-to-safety has become more and more vital.

In  a  n o rm al sw itching system , the output 
can have two states, e ither on  o r off. If  
there is an  in ternal failure, be it pow er 
supply, com ponent o r connection, then  the 
ou tpu t m ay rem ain  in e ither the on or off 
state, depending on the type of failure.

A  fail-safe system is a system  specifically 
designed fo r use in critical situations, so 

\ ^ ^ t h a t  any conceivable in ternal fa ilu re  will 
result in an  “unsafe” condition. W here pos
sible this fa ilu re  to safety is extended to 
include any input devices associated with 
the system.

In  designing a system  w hich will fail safe, 
it is nevertheless im portan t to  ensure that 
unnecessary shut downs a re  reduced to  a 
m inim um  by selection of the m ost reliable 
com ponents. In  m ost situations the conse
quences o f a shut-dow n due to  a  fa ilu re  in 
the  contro l system  can be quite serious 
and costly.

W ith these requirem ents as a  guide, the 
L addie ' has been developed as a  device 
p articu larly  suited to  perform ing logical 
functions in fail-safe systems. T he L addie  is 
a m ulti-apertu re  ferrite  core w ith a square 
hysteresis loop. Its shape has been evolved 
to provide m axim um  resistance to  b reak 
ages, and to  provide fa ilu re  to  safety in 
the event o f a  breakage. T he resulting  core 
bears resem blance to  a ladder, fro m  which 
its nam e was derived (L A D D er lo g IC ).

characteristics in a period  o f over ten years. 
W ith th is evidence of reliability  in its 
favour, a m agnetic device such as the Laddie 
is clearly  well suited to any application 
where u ltim ate  dependability  is essential.

O peration  o f the L addie2 can  be explained 
w ith reference to  the diagram . Fig. 2. A 
curren t pulse is passed th rough  the set 
winding, sa tu rating  the  core. T he d irection 
of flux is upw ards on  rungs A , C, E, G  
and I. and dow nw ards on  rungs B, D, F , 
H  and K. The set and drive pulse genera
to rs are  interlaced, bo th  being locked to 
the  m ains fo r convenience, thus a drive 
pulse follow s the set pulse. T his drive 
pulse reverses the  flux in rungs A and D as 
th is represents the  shortest path  length, and 
no o ther rungs are affected.

If, how ever, the w inding on rung D 
(called a  H O L D  winding fo r reasons which 
will be ap paren t below ) is energised at the 
sam e tim e as the drive pulse, then  this 
H O L D  winding will p reven t the flux from  
being sw itched in rung  D . T he sw itching 
m m F will then select the next shortest 
pa th , w hich will be rung  F  if its H O LD  
winding is no t energised. T he flux cannot 
sw itch in rungs B, C , E , G  o r I  because 
they have a lready been sa tu rated  in the 
sam e d irection  by  the set pulse.

If  all H O LD  windings D , F , and H , are 
energised, then  the flux pa th  will be via 
rungs A and K  and the flux in rung  K 
will be sw itched. W hen the next set pulse 
arrives, the flux in rung  K  will be sw itched 
again, producing an ou tpu t in the winding 
on K. A sm all ou tpu t voltage is produced 
due to  the drive pulse, bu t as the set

winding has a total o f five turns, the ou t
pu t due to this pulse is considerably larger.

T o produce an  ou tpu t, then , all the 
H O L D  windings m ust be energised and 
bo th  drive and set pulse generators m ust be 
operative. T hus the  Laddie produces the 
A N D  function. I f  a  num ber o f windings 
a re  placed on any H O LD  rung, an OR 
function  is obtained as energising any one 
of such windings will p revent flux sw itching 
in that rung.

It is clear th a t if any of the  H O LD  
drive o r set signals fail, then  no  ou tpu t will 
be produced. T he core  can  only b reak  in 
such a m anner as to  isolate the drive and 
ou tpu t windings, thus no ou tpu t will be 
p roduced  in th is event. T o enable a  fau lt 
condition  to be detected, the Laddie is 
sw itched continually  by the  drive and set 
windings. T hus a safe system  is represented  
by a  tra in  o f ou tpu t pulses and any failure 
will stop these pulses.

A n  exam ple o f a p rob lem  fo r which 
L addie can  provide a  useful solution is a 
fire a la rm  w arning system . F o r  general 
installations, it is sufficient to  provide p ro 
tection  against lam p failu re  w here light is 
used fo r sm oke detection. A  typical circuit 
using N orb its is show n in Fig. 1.

A ny  light falling on the photocell 
(a rro w ed ) is indicative o f the  presence of 
sm oke. T o  provide d iscrim ination against 
stray  dust particles, a neon lam p is operated 
by the photocell when the sm oke has 
reached the intensity  a t w hich it is desired 
to  operate  an a larm . A  second photocell is 
operated  by the neon lam p  and acts as
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C onsiderable experience has been accu
m ulated  over the  last decade with the  use 
of square hysteresis loop ferrite  cores in 
com puter m em ories, and no  m easurable 
de terio ra tion  has been observed in their

O utput to  c e n tra l 
s u p e rv is o ry  c o n tro l

SM O KE o r F IR E  
A LA R M  LAM P

6 0 0 0
6 0 1 2
6 0 0 9

LA M P FA ILU R E  
WARNING

S M O K E ----
D E T E C T O R
HEAD

I

i n  i

AC
Input

NEON LA M P

- 2 4  V

7J

SM O KE D E T E C T O R  
H EA D  LA M P

CO N D U CTIVE
C E L L S

- 2 4  V

.T H E R M A L  F IR E  
D E T E C T O R  CO N TA CT

In p u ts  ■from o th e r  d e te c to r s

*  t /  

V _ j y
R ese t

- 6 - 0

N o rb its  A and B  Y L  
N o rb its  C and D Y L  
N o rb its  E  and F  Y L

F ig . 1. F ire  alarm circu it using N orbits.
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LADDIC IN COMPLETELY FAIL-SAFE FIRE ALARM
<—page 27

input to a  N orb it m em ory circuit. This 
m em ory circuit lights a  lam p and provides 
an  ou tpu t to a rem ote supervisory point. 
T he m em ory circuit is incorporated  so that 
a  fleeting a larm , such as a  wisp o f sm oke, 
causes the lam p and a larm  signal to  come 
on and rem ain  on even if the  sm oke sub
sequently disappears. T he circuit can only 
be restored to n o rm al by  pressing the 
‘reset’ button . A  lam p test circuit is included 
by the use o f  a  th ird  photoconductive cell. 
Provided the lam p is on, the N orb it circuit 
rem ains off. If  the  lam p fails, how ever, the 
N o rb it circuit energises a  w arning lam p.

In som e critical situations, how ever, the 
p rotection  against failure afforded by the 
N o rb it system is insufficient and com plete 
fa ilu re  to  safety is indispensable. In this 
case the  Laddie can be used very effectively 
as show n in Fig. 2.

F o r  fire and sm oke detection, tw o pick-up 
heads are used. T he fire head  consists 
sim ply of a pa ir o f norm ally  closed con
tacts operated  by a bi-m etal strip. Excessive 
tem perature  rise o r open circuit connection

to the head will cause the am plifier to 
de-energise the H O L D  winding on rung  H , 
thus producing an alarm  condition  by 
inhibiting the ou tpu t pulses.

The lam p detector circuit is incorporated  
in the circuit to guard  against failure o f the 
sm oke detector lam p o r pow er supply. Any 
such failure will de-energise H O LD  w ind
ing on rung  F  and stop the ou tpu t pulses.

The sm oke detector head  consists o f a 
diffusion cham ber containing a lam p and 
photo-conductive cell. The cell does not 
norm ally  receive light, bu t in the presence 
of sm oke, light is reflected from  the  sm oke 
particles on to  the photocell, causing it to 
operate and in tu rn  de-energise H O LD  
winding D.

In  this exam ple, all the H O L D  windings 
a re  D C  energised, bu t they m ay be pulse 
contro lled  in synchronism  w ith the drive 
pulses, in m ore sophisticated systems.

W hen no a la rm  is initiated  and the sys
tem  is function ing  correctly , a  tra in  of 
pulses appears a t the ou tpu t w inding of 
the Laddie, w hich is coupled into an output

amplifier. T his am plifier uses transistors in 
a  tran sfo rm er - coupled circuit to  drive the 
ou tpu t load. D ue to  the  presence o f the 
transfo rm er, any open circuit o r  short c ir
cuit failure in the ou tpu t am plifier will 
rem ove the  final ou tpu t signal, thus the 
am plifier can be considered fail-safe in 
itself.

It can be seen th a t each p a rt o f the c ir
cuit is inherently  safe, so th a t the system 
described here  provides a  com pletely fa il
safe fire a la rm  system. T he sam e principles 
can be used to  extend the application to 
the contro l o f large  and com plex systems 
whose reliability  is v ita l."

J. G. A L E X A N D E R .
A pplications L abora to ry , Sydney.

REFERENCES
1. G ianola and Crowley: The Laddie — A M ag
netic Device F o r Perform ing Logic. Bell System 
Technical Journal, January, 1959.
2. Hardy: Fail-Safe Logic Using M ulti-Aperture 
Ferrite Cores. British Communications and Elec
tronics, M arch. 1962.

F ig . 2. Fail-safe fire alarm circu it, using Laddie

FERRITES ABOVE 2000 Mc/s
Magnetic ferrites form an important group of dielectric materials with many applications at microwave 
frequencies. A wide range of microwave devices can be constructed using ferrite elements which do 
not have the disadvantages inherent in the use of non-magnetic dielectric materials. Typical microwave 
devices making use of ferrite elements include isolators, circulators, attenuators, and phase-shift devices.

T he propagation  characteristics o f e lectro 
m agnetic  waves in waveguides can be 
changed by in troducing  different dielectric 
m edia into the waveguide. W ith non-m ag
netic  dielectric m aterials, any fu rth er 
varia tion  in the  behav iour o f the waves can 
be achieved only by displacing the  dielectric 
elem ent w ithin the  waveguide by m echanical 
m eans. This im poses a  lim ita tion  on the 
types o f device th a t can be designed and 
constructed. M agnetic dielectric m aterials, 
such as ferrites, can overcom e this lim ita 
tion  since their properties can be changed

and contro lled  by electrical m ethods. F e r
rites have an intrinsic high resistivity which 
results in low  eddy currents, enabling  inci
den t high-frequency fields to penetrate 
substantially  into m aterial.

W hen the m agnetic  dipoles o f a ferrite  
which are aligned in a  unidirectional m ag
netic field are d isturbed by the application 
o f a m icrow ave electrom agnetic  field, they 
precess before dam ping and re tu rn ing  into 
alignm ent. T he frequency and d irection of 
precession depends directly on the m agni
tude and direction of the  unid irectional

field. The usefulness o f ferrites in m icro
wave devices depends m ain ly  on  this 
gyrom agnetic  behaviour o f  the e lem entary 
m agnetic dipoles, and on being able to 
contro l this behaviour.

M ETHODS OF USING  FERRITES
T he design of ferrite  m icrow ave devices 

is based m ain ly  on  one o f th ree  fu n d a
m ental effects; fe rrom agnetic  resonance, 
F a rad ay  ro ta tion , and field displacem ent.

—»page 33
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ANALOGUE-TO-DIGITAL CONVERTERS USING 
SILICON PLANAR TRANSISTORS AND DIODES

T here are two classical m ethods of deriv
ing digital in form ation  from  an analogue 
source. T he m ore com m on m ethod con
sists of a num ber o f constant current 
generators w hich share a com m on resistor 
as load. T he voltage w hich is generated 
across the  resistor is then com pared with 
the input analogue voltage. I f  th e  inpu t is 
larger th an  the generated  voltage, m ore 
curren t generators a re  sw itched in to  opera
tion , b u t if the  input is sm aller th an  the 
generated voltage, som e o f th e  generators 
are  rem oved from  the  circuit. W hen the 
input voltage is equal in am plitude to  the 
generated  voltage, the  num ber o f current 
generators in use is a digital m easure o f the 

, analogue input.

The o th er m ethod  of perform ing  an 
analogue-to-digital conversion is to generate 
a saw tooth voltage equal in am plitude to 
the analogue quantity  being m easured. A 
gate is then opened fo r the tim e taken  fo r 
the saw tooth o r ram p  to  reach this voltage 
and the  num ber o f pulses passing th rough  
this gate fro m  an accurate  pulse generato r 
o r clock during this tim e are  counted, thus 
providing a  digital quan tity  p roportiona l to  
the original analogue voltage. I f  the slope 
of the ram p and the clock ra te  are correctly  
chosen, the  constant o f p roportiona lity  will 
be one and the  digital output will equal the 
analogue input.

Voltage Comparison Techniques

In  b o th  cases, the  analogue input m ust 
be com pared w ith an in ternally  derived 
voltage and som e action taken  w hen the 
two are  equal. T he com parison process is 
usually  effected by a  chopper— either m ech
anical o r  electronic— and it is this process 
which defines the resolution capabilities of 
the converter. M echanical choppers can 

' resolve down to  2-5 n V  w hile curren t 
electronic choppers m ay  be used dow n to
2 /iV. In  the cu rren t generato r converter 
the co m parato r m ust be even m ore sophis
ticated  since it m ust no t only detect the 
difference betw een the tw o  voltages but 
also the  po larity  o f the difference in o rder 
to contro l the  addition  o r subtraction  of 
cu rren t generators.

In  the  case o f a  ram p type converter a 
diode m ay be used as a co m parato r so that 
when the ram p voltage exceeds the  analogue 
input, cu rren t flows th rough  the  diode. 
T his system  does not provide the sam e 
resolu tion  as the m ethod just described, 
bu t is fa r  m ore econom ical even if  some 
selection o f diodes is required. If  such a 
selection is m ade, the  diode co m parato r 
should detect differences sm aller th an  1 mV.

Selecting Sampling Rate

W ith any form  of conversion, a certain  
am ount of analogue inform ation is lost 
since we sam ple the input at discrete tim e 
intervals. T he system  records the average 
input betw een sam pling tim es and any fast 
pulses a t th e  input will be v irtually  ignored. 
T his d raw back cannot be elim inated  bu t it 
can  be reduced by increasing the  sam pling

rate. A  few  sim ple calculations show that 
fo r the ram p converter two equations m ust 
be satisfied. These equations are

KC
and E =  —  

r

N

( 1)

(2 )

m ay “cross over” the in ternally  generated 
voltage, with the result th a t the system  will 
be continually  chasing the  input and m ay 
never catch  up and so no  ou tpu t will be 
obtained. If  the capacito r is no t used with 
the ram p converter, th ere  will be no  a lte r
nate pa th  fo r the current norm ally  flowing 
th rough  the coupling capacitor. This system 
will then  also be unable to  switch off.

w here E  is the m axim um  analogue vo l
tage to be converted.

C is the clock rate in pulses per 
second.

N  is the m axim um  count capacity 
o f the counter follow ing the 
converter.

r  is the sam pling rate.

K  is the input voltage correspon
ding to one count into the 
ou tpu t counter.

A little m anoeuvring  of these expressions 
show s th a t if the sam pling ra te  is to be 
increased we m ust e ither reduce the capa
city o f the counter follow ing the converter 
o r increase the clock rate. R educing the 
counter capacity  m eans th a t the indication 
will be in coarser steps and the extra 
in form ation  gained by increasing the  sam p
ling ra te  cannot, in any case, be read.

F o rtunate ly , since the  advent o f silicon 
p lan ar transistors, high clock ra tes do not 
present m uch of a problem . B inary counters 
operating  at 20 M c /s  m ay be constructed 
using conventional techniques. T he clock 
oscillator is even less o f a  prob lem  as the 
BSY38 series o f transistors can be used as 
crystal oscillators up  to  60 M c /s . If  we 
select 10 M c /s  as a  clock speed and use a 
4 decade coun ter (capacity  9,999 counts) 
to  m easure  an  analogue signal w ith a m axi
m um  value of 10 volts, the  m axim um  
sam pling ra te  will be 1,000 tim es per sec
ond. T h is figure w ould have to  be reduced 
slightly to  allow  fo r the  sw itching tim e of 
the  transis to rs in the  ram p generato r and 
ensuing logic circuits. Thus, it w ould seem 
reasonable to  generate a  ram p 1 m sec long 
a t a ra te  o f 100 ram ps per second.

Even though such high sam pling rates are 
practicable  it is usually  desirable to  filter 
the  analogue quantity  th rough  an R-C 
com bination  and to  m easure the  voltage 
appearing  across the filter capacitor. If  
this is no t done, and a constant current 
converter is used, the analogue voltage

F ig . 1. Skeleton diagram o f a typ ica l sawtooth 
generator.

Kamp Generators

T here  have been several articles on tra n 
sistorised ram p generators in  recent publica
tions. A  typical exam ple is show n in 
outline in Fig. 1. T his circuit is basically 
a m onostable m ultiv ibrator in which Ti is 
norm ally  conducting and so absorbs all the 
curren t from  the constan t curren t generator. 
W hen a  trigger pulse arrives at the input, 
T i tu rn s off and the  cu rren t from  the gener
a to r passes th rough  C  in to  the  base of 
transis to r T , causing T2 to  tu rn  on  and so 
keep T i tu rned  off. A s the curren t passes 
th rough  C  the capacito r becom es charged 
and  the  circuit will revert to  its stable state 
when

It
E +  AV = ------ h Vbe; (3 )

C

w here E  is analogue input voltage.

AV is fo rw ard  voltage drop across 
diode D  when it is passing suffi
cient cu rren t fro m  the constant 
curren t generator to  starve T 2 so 
causing it to tu rn  on.

I is the cu rren t from  the constant 
cu rren t generator.

t  is the period  of the ram p.

Vbes is the  base em itter voltage o f T = 
when 1 m A are flowing in to  the 
base.
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If  we arrange A V  to  be equal to  Vb« we 
arrive  at the expression

E =  —  x t 
C

so th a t the analogue input is p roportional 
to the period o f the ram p  and also to  the 
num ber o f pulses generated  by the clock 
during  that period.

In  practice all the cu rren t from  the con
stan t cu rren t generato r does no t flow into 
the coupling capacito r C. L eakage curren t 
flows th rough  the  cut off transis to r T, and 
also through the diode D. In  addition the 
capacito r C will have a  sm all leakage cu r
rent. D epending on  the  accuracy required  
these losses m ay be regarded in one of 
three  ways— (i)  as a  resistor in paralle l with 
T j, ( ii)  as a  constant cu rren t generator in 
parallel w ith Ti, (iii) as a  voltage generato r 
in series w ith a resistor, again in paralle l 
w ith Ti. N o m atte r which approach  is 
adopted, it should be borne  in m ind th a t 
the  losses a re  tem peratu re-dependent and 
th a t som e fo rm  of tem pera ture  com pensa
tion  will be necessary. I t  is usually  con
venient to  apply th is com pensation to  the 
constan t cu rren t generator.

Instead  of try ing  to  equate th e  voltage 
d rop  across th e  diode and the transis to r 
base em itter voltage as indicated above, we 
can arrange fo r  bo th  term s to be  elim in
ated  by incorporating  two ram p generators 
in the  analogue-to-digital converter. Both 
generators are identical, except th a t one has 
the analogue inpu t as a  reference and the 
o ther has a  zero  volt reference. In  this 
case the  analogue voltage is p roportiona l to 
the tim e interval betw een the end of one 
ram p and the  end of th e  o ther ram p. In 
addition to  e lim inating som e of the  erro rs 
in the converter, the  double ram p enables 
inpu t voltages o f e ither po larity  to  be 
m easured and also the  po larity  m ay  be 
indicated by using a suitable indicator tube

M easu rin g  ■ 
Ram p

G ate
Signal

Input to  
C o u n te r

J-----L

jimuL

(a )  Input -ve (b) Input + ve

F ig . 2. Timing sequence fo r double ramp 
type converter.

in the counter. T he w aveform s w hich m ay 
be expected fro m  th is circuit fo r bo th  
po larities are show n in Fig. 2.

Logic Circuits

If  the  double ram p generator is selected, 
a  suitable logic netw ork  m ust be used to 
ensure th a t the gate opens fo r the  correct 
period and at the right tim e. T his netw ork 
will have to  be an exclusive “O R ” gate 
and p erfo rm  the  Boolean function 
A B' -(- A ' B. A  suitable skeleton circuit is 
shown in Fig. 3. T ransisto rs T , and T5 
provide definite voltage levels to  the sw itch
ing transisto rs T.- and T , and also act as 
buffers to isolate the  ram p generato rs from  
the  sw itching circuit. A s soon as the ram p 
ends, transis to r T 4 or T 5 will go into 
conduction. Since bo th  ram ps start together,

the  circuit m ay be p roportioned  to give the 
follow ing tru th  table where the sym bol 0 
signifies non-conduction  and the  sym bol 1 
indicates conduction.

t 4 T 0 To T, O utput Level

0 0 0 0 E.

0 1 1 0 e 3

1 0 0 1 e 3

1 1 1 0 e 2

The designer m ust be carefu l to  avoid 
exceeding the reverse em itter-base voltage 
ratings on transisto rs T« and T r. T his may 
call fo r the collector supply to  T 4 and T 5 
to  be reduced to  a  low level, say of the 
o rder of 3 V. T his is m ade m ore acceptable 
by the low saturation  voltage of the silicon 
p lanar transisto r. T hese transis to rs have 
such a sm all desatu ration  tim e th a t it m ay 
not be necessary to  clam p the collectors of 
the  ou tpu t pair. Since the p ropagation  delay 
tim es o f transis to rs T 4 and T 5 effectively 
cancel cne ano ther, it should also be u n 
necessary to  clam p these. T he ou tpu t pulse 
across R l is then used to gate the counter 
o r clock.

F ig . 3. Exclusive "N O R " gate.

Constant Current Generators

It will have becom e obvious by this time 
th a t the linearity  and overall accuracy of 
any analogue-to-digital converter depends 
fo r the m ost pa rt on the linearity  and 
stability  o f the constant cu rren t generator 
em ployed. T o  a first approxim ation , a 
transis to r w ith a large em itter resistor 
m akes a  good constan t cu rren t source. 
H ow ever, to  operate accurately  over a  wide 
range of tem peratures, a m ore sophisticated 
approach  is required. Such a circuit has 
been devised by G. W atson1 and is shown 
in Fig. 4. Reference to  the original article 
shows th a t drifts should no t exceed 
•0 0 5 % /°C . Such a characteristic, if in the 
right d irection, is useful fo r com pensating 
the therm al changes in  the ram p genera to r' 
proper. A fu rth er advantage of this circuit 
is that it can be m ade to operate  as a 
true  constant cu rren t generator o r as a 
voltage generator in series w ith either a 
positive o r negative resistance. T he nega
tive resistance characteristic  is m ost desir
able since it enables fu rth er com pensation 
to  be m ade fo r the losses w hich occur in 
paralle l w ith Ti.

T he pulse w hich in itiates th e  ram p is 
usually  derived from  an astable m ulti
v ibrator. T here  are no  critical factors in 
this section o f the circuit as long  as the 
m inim um  possible period of the  m ulti
v ib rato r is greater than  the sam pling ra te

Supply voltage may range from 10V to 25V.

discussed above. T his m ultiv ib ra to r also 
provides a pulse w hich resets the counter 
to  zero  in betw een sam plings o f the input 
voltage."

R. D O N O H O E , 
A pplications L abora to ry , Sydney.

1. ‘Two Transistors E qual One Constant Current 
D iode’; G . W atson, E lectronics 6-7-62.

MULLARD 
SEMICONDUCTORS

T he range of M ullard  sem icon
ductors is tabu lated  in the D esigners’ 
G uide, w hich m ay be ob tained  from  
M ullard  offices on  application.

M ore detailed in fo rm ation  m ay be 
found  in V olum e 4 o f the M ullard 
T echnical H andbook; fo r  details of 
the  H andbook  Service, con tact the 
M ullard  T echnical Service D ep art
ments.
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In p u t

In p u t

( b )

transisto rs in high speed logic circuits. In 
o rder to  use the  scale o f sixteen as a 
decim al counter, feedback  is em ployed to 
advance the coun ter by six steps while ten 
pulses a re  applied to  the  input. Tw o of 
the m any  possible exam ples o f feedback 
system s are  show n in Fig. 2.

Decoding Systems
Irrespective o f w hich feedback system  is 

used, we are  still faced  w ith the problem  
of deriving ten  signals fo r the num erical 
ind icato r from  the eight collectors o f the 
system. T his decoding is usually done by a 
diode m atrix , an exam ple of w hich is shown 
in Fig. 3. F ro m  this d iagram  it can be 
seen th a t the diodes connected to  each 
decim al ou tpu t fo rm  an A N D  gate, so 
selecting the com bination  of on and off 
transisto rs which are  necessary to establish 
th a t particu la r decim al num ber. The 
sim plest m ethod of using a  num erical indi
cato r with a d iode m atrix  is shown in Fig.
4. T he em itter side o f the  circuit would 
be connected to zero  or a negative voltage 
depending on w hether o r no t N P N  o r P N P  
transis to rs had  been used fo r the  counter. 
It should be rem em bered th a t this system 
causes a num ber to  appear when the 
transis to r is conducting so the input diodes 
m ust be connected to  th e  collectors of 
stages w hich are cut off.

A  m ore econom ical approach w ould be 
to  couple the high voltage transisto rs to 
the transistors in the bistable circuits. This
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Fig . 2. Examples o f feedback paths which
convert four Binary Dividers to a Decade 

Counter.

One of th e  prob lem s besetting the 
designer o f counting systems has been to 
find a suitable m ethod  of indicating the 
state o f the counter. A  few years ago this 
p roblem  was eased by the  in troduction  of 
the  num erical ind icator tube now  available 
in bo th  end and side viewing styles. 
U n fo rtunate ly  these indicators m ust be 
supplied w ith digital in form ation  having 
an am plitude of a t least 60 V. T he recently 
released series o f high voltage silicon 
transistors enables the designer to discard 
the  valve circuits which w ere previously 
needed and to create com pletely solid state 
counter circuits. It seems opportune at this 
tim e to  review the various types o f decade 
counting circuits available in  o rder to 
establish the  m ost econom ical m ethod of 
using these new  com ponents.

Binary Counters
T he m ost com m only  used counting c ir

cuits to date have em ployed four stages of 
b inary  dividers. N orm ally  cascaded, such 
an arrangem ent will provide one ou tpu t 
pulse fo r  every sixteen pulses fed in to  the 
input. In  addition, the  b inary  stages will 
establish a unique p a tte rn  o f  conducting 
and non-conducting states fo r each input 
pulse. T he circuit d iagram  of a  typical high 
speed b inary  stage is show n in Fig. 1. The 
com ponents m arked  w ith an asterisk are 
those w hich convert a  b istable circuit to  a 
b inary divider. T he circuit as shown will 
operate  at frequencies up  to  20 M c /s  and is 
a  fa ir exam ple o f the  use o f silicon p lanar

To b in a ry  
c o lle c to r s

/ I / I / / /
/ ' / / I / / >

/ '/]I /y'Ay/ y► / y
I

/ yy >

/ y / I

/ /
1 2 3 4 5  6 

D ecim al O utpu t 
F ig . 3. Binary to decim al decoding matrix.
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approach  is show n in  Fig. 5. The 
im m ediate saving is tw o transistors, bu t 
this m ust be balanced  against th e  increased 
cost o f using h igh voltage diodes in the 
decoding m atrix . F o rtu n a te ly  there  are no 
high speed requirem ents in th is circuit after 
we have ensured th a t the  b inary  transisto r- 
collectors have no t been loaded  capacitively. 
U sually  it is o f little  consequence if the 
ind icator takes a  few  m illiseconds to p o r
tray  th e  answ er, as long as the  coun ter has 
perfo rm ed  its duties accurately.

F ig . 4. An example o f coupling between 
matrix and numeral indicator tube.

T h e  B i- q u in a r j System
R ecently  a  different counting  configura

tion  has becom e m ore  po p u lar th an  the 
b inary  circuits described above. T his is 
know n as the  b i-qu inary  system  and consists 
of a b inary  input as before, fo llow ed by a 
five stage ring counter. T he ring  counter 
m ay  be designed so th a t one stage is “O N ” 
and the o th er fo u r a re  “O F F ” o r vice versa.

In  e ither case th e  decoding m atrix  consists 
o f 10 A N D  gates. Fig. 6 shows a  typical 
qu inary  counter. T his results in a saving 
of one transis to r and ten  diodes over the 
com parab le  all-binary system.

T he optim um  solution w ould seem  to be 
to couple th e  h igh voltage to  the  transistors
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To
Output
M atrix

| + 8 0  V

&
O + iv

+ 5V + 8 0  V

■ A A A /— ■

F ig . 5. A lternative Binary O utput System.
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To co llecto rs 
of b inary stag e

Fig . 7. Output decoding system which eliminates diodes.

<—page 32

as indicated in Fig. 7. In  th is system , m esa 
transisto rs pe rfo rm  th e  high voltage tran s
fo rm ation  and also the ou tpu t sw itching 
logic since there  is only one com bination  
of base and em itter voltages w hich will 
cause a particu la r transis to r to  conduct. 
W hen designing such a system  care m ust be 
taken th a t the  reverse base em itter voltage 
ratings o f th e  transisto rs are  no t exceeded.

Of course the  u ltim ate  solution would

seem  to  be to use the  m esa transis to r in 
the  basic counter. Previously, high voltage 
transis to rs have been lim ited  to the  lower 
frequencies since they  have a h igher deple
tion  capacitance th an  low  voltage p lanar 
types. These new  types, how ever, such 
as the BF109 w hich has a  135 V  ra ting  and 
an  80 M c /s  cut-off frequency  have opened 
the  door to  a fresh  appraisa l o f the  p ro b 
lem . A t p resent the  only d raw back  to  such 
a  system  is th a t the reverse base-em itter 
voltage applied to  the  transis to r when the

preceding stage fires, m ay  be as great as 
the  supply voltage, i.e., 80 V. This will 
certain ly  exceed th e  ra ting  o f the  transistor.

T he M ullard  A pplications L ab ora to ry  is 
cu rren tly  investigating th e  p roblem  of 
reverse base-em itter breakdow n, w ith a  view 
to extracting  m axim um  use from  num erical 
indicating tubes and h igh voltage m esa 
transistors.*

R. D O N O H O E , 
A pplications L abora to ry , Sydney.

<— page 28
Ferromagnetic Resonance

In  a precessing dipole system , dam ping 
occurs and results in an  absorption  of 
energy fro m  the m icrow ave field. The 
absorption  o f energy reaches a  peak  value 
w hen the frequency of the field is equal to 
th a t o f the  precessing system. F e rro 
m agnetic  resonance occurs at this frequency.
Faraday Rotation

A  linearly  polarised  w ave w hich is tran s
m itted  th rough  a  ferrite-loaded wave-guide 
in the d irection o f the  und irectional m ag
netic  field experiences a ro ta tio n  o f the 
p lane o f po larisa tion  as it travels along the 
waveguide. This effect, called the  F arad ay  
R otation , is caused by the difference in the 
phase velocities o f the two circularly 
polarised com ponents o f the  transm itted  
wave.
Field Displacem ent

T he field d istribution  in a waveguide can 
be altered by loading the  waveguide w ith a 
ferrite  elem ent. If the unidirectional m ag-

FERRITES ABOVE 2000 Mc/s

netic  field is adjusted so th a t the ra tio  of 
effective perm eability  o f the  ferrite  to  the 
positive circularly  polarised  com ponent of 
the p ropagated  wave is zero, then  the flux 
density in the ferrite  is low. T he energy 
of the positive circularly  polarised com 

ponent o f the p ropagating  wave is therefore  
largely excluded from  the ferrite. A t the 
sam e value o f the m agnetic  field, the ratio  
o f effective perm eability  o f  the  ferrite  to 
the negative circularly  polarised com ponent 
o f the p ropagated  w ave is greater than  
unity, and the energy o f the  negative p o lar
ised com ponent o f  the p ropagated  wave will 
be largely contained w ithin the ferrite. The 
ferrite  elem ent can therefore  be positioned 
inside the waveguide to m ake use o f this 
effect.

These three  effects are m ade use o f  in 
such non-reciprocal devices as gyrators, 
isolators, and circulators, o r in reciprocal 
devices such as variable a ttenuators and 
phase-shift com ponents.

R A N G E  OF M ATERIALS
M ullard  m anufactures a  wide range of 

specialised ferrite  m ateria ls to cover the 
needs o f the m icrow ave system engineer. 
F e rrite  elem ents are  supplied as tested 
com ponents finished to  the physical shapes 
requ ired  in th e  device.*X-band wove guide filter
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CRITICAL POTENTIALS IN GASES
The equipment described in the following pages has been specifically designed to illustrate 
several of the fundamental laws of physics and magnetism. In addition to these, a whole range 
of experiments has been devised for educational purposes (see Viewpoint with Mullard, page 
15, this issue. Ed.). Descriptive booklets will shortly be available through the Educational Service.

IN TRO DUC TIO N
The accurate determ ination  of the criti

cal po tentials o f gases involves the  use of 
specially p repared  tubes w hich as a  con
sequence are extrem ely expensive. If, how 
ever, readers are  w illing to  accept results 
with a  fa ir m argin of e rro r, the experim ents 
described in this article  will be found  to  be 
satisfactory  and econom ic in com parison, 
since a  com m ercially  available th y ratro n  is 
used.

Theory of Critical Potentials
Briefly, the critical potentials o f  a gas —• 

excitation and ionisation  —  occur as follows. 
I f  a gas m olecule is bom barded  by elec
trons, a certain  m inim um  energy is required  
before  any electron  is able to  cause any 
significant change of state. W hen this m in i
m um  energy is a ttained, an  electron in the 
valency shell o f the gas a tom  is excited 
by the  collision and jum ps in to  an  o rb it o f 
higher energy. Im m ediately  afterw ards a 
re tu rn  to  the  equilibrium  o r ground state 
m ay occur, the excess energy being given 
off as a quan tum  of electrom agnetic  rad ia 
tion. T he frequency o f this rad ia tion  is 
p roportiona l to  the  energy given up in this 
transition  and can be calculated  from  
P lanck’s equation  if desired. This m inim um  
energy is the excitation energy w hich varies 
from  gas to gas but w hich in the  case of 
X enon is o f the  o rd er o f 8 -4  volts.

V O LT S
16- 

14 - 

12  - 

10  - 

8 - 

6 -  

4  - 

2 - 

0

IO N IZATIO N
■12-08V

M ET A S T A B LE
M ET A S T A B LE  EXC ITA T IO N 8- 3 9  V

returning, the electron emits a quantum  of 
rad iation  a t a h igher frequency th an  that 
em itted  afte r the first excitation.

A fu rther com plication  in some elem ents 
—  notably  m ercury  and the inert gases —  is 
th a t there  exist one o r m ore energy levels 
in which electrons m ay rem ain  excited for 
com paratively  long periods. W hen an elec
tro n  is raised  to  such a level, the atom  
is said to be m etastable  and, as a  rule, does 
n o t have tim e to  re tu rn  directly  to  the 
ground sta te  before  fu rth er collisions occur. 
I f  a m etastable a tom  is struck by an ener
getic e lectron  it m ay  be excited to  an  even 
h igher state  o r  m ay be even ionised. If 
a  h igher excitation  state  is reached by an 
a tom  w hich has previously been m etastable, 
it m ay quickly re tu rn  to  the  equilibrium  
condition by em itting a quan tum  of rad ia 
tion  at th e  appropria te  frequency.

Fig. 1 indicates the various excitation 
and ionisation po tentials fo r X enon, which 
is the gas chosen fo r the  experim ents 
described in  th is article.

EXPERIM ENT 1:
D ETER M INATIO N OF
FIRST EXCITATIO N POTENTIAL
OF X E N O N

In  this experim ent a m odified H ertz 
m ethod is used. It is assum ed th a t cathode- 
em itted electrons, with just sufficient energy 
to  cause excitation, com e to  rest a fte r an

I I
6-3V  AC

F ig . 1 F ig . 2
Vg ( V O l t S )

F ig . 3

If now  the speed —  and hence the energy
—  o f the  bom bard ing  electron is increased 
fu rth er, a  second critical state is reached 
w here a valency electron  is given sufficient 
energy to  leave the a tom  com pletely, caus
ing ionisation. T his second critical poten tial 
is the ionisation po ten tial w hich also varies 
fro m  gas to  gas bu t fo r X enon is o f the 
o rder o f  12 volts.

A  second excitation can occur a t a  p o ten 
tia l h igher th an  th a t o f the  first critical 
potential. H ere  an  orb ita l electron  of 
h igher energy is lifted  fro m  the ground 
state  to  a  level o f h igher energy. U pon

excitation collision and are then unable to 
overcom e a re ta rd ing  po ten tial existing 
betw een two electrodes p laced in the  elec
tro n  stream . T he M ullard  EN91 thy ratron , 
which is X enon  filled, can  be used to 
dem onstrate this effect.

Apparatus
T he circuit diagram  of the  apparatus 

used is show n in Fig. 2. M ajor com ponents 
include the thy ratron , a  6-3 volt A C  supply 
fo r the heater, a variable pow er supply to 
accelerate the electrons in the gas, a  lim it
ing resistor, a  voltm eter and a sensitive 
m icroam m eter.

trons passing th rough  the  centre o f  the 
con tro l grid cylinder have sufficient velocity 
to cause excitation and  therefo re  lose their 
energy. T hey are th u s unable  to  overcom e 
the negative field su rrounding  the target. 
A s the  applied voltage is increased, m ore 
and m ore electrons lose th e ir energy after 
excitation and the targ e t cu rren t falls 
accordingly. A  m inim um  value of target 
curren t is achieved when m ost of the elec
trons passing through the con tro l grid are 
able to  cause excitation. A s the potential 
is increased beyond this critical value, elec
trons, a fte r causing excitation, are able to
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It will be seen from  the circuit diagram  
th a t the  anode is used as a  target and is 
m aintained a t a  sm all negative po tential 
w ith respect to the con tro l grid by virtue 
o f e lectron  flow th rough  the valve. The 
con tro l grid is connected to the  positive 
side o f the pow er supply and the  grid g2, 
w hich in  the EN 91 surrounds all the o ther 
electrodes, is connected to  the  cathode so 
as to  fo rm  a field-free space. A  lim iting 
resistor, 10 ,0000  in value, is p laced in 
series w ith the pow er supply to prevent 
possible overload if the gas should ionise 
during the experim ent.
M ethod

T he appara tus is sw itched on  w ith the 
applied voltage to  the  con tro l grid set to 
zero. W hen the heater has had  sufficient 
tim e to  reach a steady tem pera tu re  the 
m icroam m eter connected to  the anode will 
indicate a  steady curren t arising from  th e r
m ionic em ission a t the  cathode.

T he contro l grid voltage (V „) is then 
increased in sm all steps up  to  about 11 
volts and the  corresponding values o f anode 
cu rren t ( Ia) noted.

A graph of contro l grid po ten tial versus 
anode cu rren t is then  plo tted  and will be 
c f  th e  fo rm  show n in Fig. 3.

T he shape of th is curve m ay  be explained 
as follow s. E ven at grid po tentials lower 
th an  expected fo r ionisation, a  few  elec-
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accelerate sufficiently to  overcom e again the 
retard ing po ten tial and the target current 
com m ences to  rise.

Observations
A  num ber o f curves fo r different speci

m ens o f E N 91 th y ra tro n  has been taken 
giving a value o f first excitation potential 
a t about 8 -2  volts. I t  is presum ed that 
contact po tentials in the th y ra tro n  m ay 
affect the  results obtained and this could 
explain the slight differences betw een one 
specim en of tube and another.

I t  m ight be o f in terest to  note th a t if 
the readings are taken w ith extrem e accu
racy, there  is an  indication o f sharper dips 
in the region o f 8 to 9 volts. These m ay 
indicate m etastable  states.

/
EXPERIM ENT 2:
DETER M INATIO N OF 
IO NIZATION POTENTIAL OF XEN O N  

The M ullard  EN 91 X enon filled th y ra 
tro n  has again proved successful in this 
experim ent. T he energy of cathode em itted 
electrons is increased to  a  sufficient level 
to  allow ionisation  and a sm all curren t 
resulting fro m  positive gas m olecules 
appears a t the targ e t electrode w hich is 
m aintained a t a  large negative po ten tial of 
abou t 50 volts.

Apparatus
The circuit d iagram  of th e  apparatus 

used is show n in Fig. 4. M ajor com ponents

to  a  m inim um  and thus to  increase the 
sensitivity o f the experim ent.

Method
T he ap p ara tus is sw itched on and the 

po ten tial applied to  the  contro l grid is set 
to 15 volts. T he h eater voltage is then  
slow ly  adjusted fo r m axim um  reading of 
anode cu rren t ( I a) w hich should be of the 
o rder o f I,«A. T he applied po ten tial (V ?) 
is reduced to  zero and th en  increased in 
sm all steps up  to  abou t 20 volts, the  co r
responding anode cu rren t being noted. A 
graph o f applied voltage versus anode cu r
ren t is p lo tted  and should be of th e  form  
show n in Fig. 5. T he exact po ten tial at 
w hich ionisation  takes p lace is found  by 
extending the curve back  to  cu t the  V g axis.

Observations
T his experim ent has been carried  out 

w ith a num ber o f different EN 91 thy ratrons 
and results have varied  betw een 12 and 
12-5 volts.

I f  the experim ent is conducted  carefully , 
a  slight d iscontinuity  in the  curve will be 
seen in the region of V s =  14 volts. The 
reason fo r this is obscure bu t is possibly 
due to  excitation.

Cj j A )
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include the th y ratro n , pow er supplies (one 
v a riab le ), a  voltm eter and a sensitive 
m icroam m eter.

It will be realised th a t e lectrons em itted 
from  the cathode are  accelerated tow ards 
the postive contro l grid. The anode of the 
th y ra tro n  is again used as a targe t and is 
m ain tained  at a large  negative potential 
w ith respect to  the  cathode. T he grid g« 
is connected to  the  cathode and a 10,0000 
resistor is connected in series w ith the  con
tro l grid supply voltage to lim it the  cathode- 
grid  cu rren t a fte r ionisation. W ithout this 
resistor, the  cu rren t m ay exceed the  m axi
m um  perm issible value of 10mA resulting 
in  destruction  o f the thyratron .

It has been found  desirable to operate  
the h eater o f the th y ra tro n  a t a  greatly 
reduced voltage to  reduce the  space charge

Fig . S

N O T E S O N  A P PA R A T U S U SED  
Meters

In  bo th  experim ents the applied potential 
was m easured  on a 20 ,0000  pe r volt in stru 
m ent. F o r  cu rren t m easurem ents a  10/iA 
m eter is called  fo r bu t if unobtainable , a 
transis to r DC curren t am plifier can be used.

Power Supplies
In  bo th  experim ents, the  variab le  po ten 

tial was derived from  a pow er supply hav 
ing a  variab le  ou tpu t up to  150 volts. The 
cu rren t d raw n in bo th  experim ents is 
negligible since it is lim ited by the 10,0000 
series resistor. T he sam e pow er supply unit 
can  also provide the  6-3 v c lt heater 
supplies.

EN 91

Thyratron EN91
T his tube is readily  available and costs 

very little. It should be used in conjunction 
w ith a B 7G  base, the connections to which 
are show n in Fig. 6.

IM PORTANT NOTICE

It should be rem em bered that fo r 
any conventional application, op era 
tion of the th y ra tro n  a t any heater 
voltage o th er th an  th a t recom m ended 
by the m an u fac tu re r m ay seriously 
dam age the cathode and greatly  
shorten  the life expectancy o f the 
device. ■
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References
A lthough  these particu la r experim ents 

represent a  new approach  to the de te rm ina
tion o f critical potentials, details o f  o ther 
m ethods and fu rth e r explanations o f the 
theory  m ight also be of interest. Some 
references are given below.
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m ium  ratio  difference and fraction , reson
ance activation , self-absorption techniques, 
experim ents on  foils, da ta  sheets on  foils 
and extensive references. In  addition, there 
is a  special educational foil kit at low er 
prices fo r train ing  purposes, w hich also 
contains an  E xperim ent m anual. The educa
tional foils are designed to be used in  sub- 
critical assem blies, neu tron  howitzers, criti
cal assem blies, train ing  reactors and particle  
accelerators.

Geiger Counter Tubes
W e feel little reference is required  to the 

wide and ever-increasing range of M ullard  
G eiger C ounter Tubes th a t are available 
and have been in extensive use fo r m any 
years in A ustra lia ’s train ing  establishm ents.

The Future and the Scope

R eaders will see th a t already the M ullard  
E ducational Service covers a fairly  wide 
field and if  it were practicable, the tem pta
tion  is great to  extend this on a grand 
scale. W e therefore  only cover o u r p a r
ticu lar field, believing th a t language lab o ra 
tories, high-speed readers and so on, are 
the province of the system  supplier and the 
tu to r, each in his own right.

W e are  m indful o f the opportun ity  and 
the extrem e satisfaction th a t can, and will 
accrue, from  those who see the need of 
add itional sophisticated and elegant youth  
train ing  aids and who will create, produce 
and supply these item s.*
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HALL EFFECT MEASUREMENTS

Introduction

T he H all Effect is nam ed after E. H. 
H all w ho discovered it in 1879 in the 
R ow land L ab ora to ry  of the  Johns H opkins 
University. H e was experim enting w ith a 
strip  o f gold leaf and found  that a m agnetic 
field perpendicu lar to the strip caused a 
deviation o f the  charge carriers in the 
m aterial. The effect is o f great im portance 
in the  sem iconductor field since it allows a 
m easurem ent to  be m ade o f the charge 
carrie r density and also allows determ ina
tion  of the  po larity  o f the  carriers i.e. 
electrons o r holes.

Theory

If  a  suitable specim en o f m etal o r n-type 
(excess negative charge carriers) sem i
conductor m ateria l has its end faces con
nected to  a  battery , electrons will flow 
from  left to right (F ig. 1 ). A  m agnetic 
field (B ) applied perpendicularly  to  the 
paper exerts a  fo rce  on the electrons, 
causing a  few  of them  initially to drift 
tow ards side Q of the  m aterial. T his initial 
d rift o f electrons sets up  a  transverse 
electric  field betw een faces R  and Q 
opposing the d rift o f fu rth er electrons and 
the transverse cu rren t rap id ly  falls to  zero.

R

T he potential difference betw een faces Q 
and R can be m easured  w ith a  h igh im pe
dance voltm eter and is called the  “Hall 
V oltage” (V H). T he po larity  o f V H is, in 
m ost cases, governed by the  predom inan t 
carriers in the m ateria l i.e. e lectrons in 
n-type and holes in p-type. If  holes are 
the  p redom inant carriers they  d rift from  
right to  left in Fig. 1 and on applying the 
m agnetic  field a  few are caused initially  to  
d rift tow ards the side Q. The po larity  of 
the voltage betw een Q and R  is therefore  
different from  the case o f an  n-type sam ple.

M easurem ent o f the H all voltage, field 
strength , cu rren t and m ateria l thickness 
enables the calculation  of a quantity  known 
as the  “H all Coefficient” (R h ) .

V „ x t  x 108
R h = --------------------- cm V C oulom b (1 )

I  X B

where V H =  H all voltage in volts 
t =  m aterial thickness in 

centim etres 
I  =  cu rren t th rough  m ateria l in 

am peres 
B =  flux density in gauss

The electron concentra tion  n (o r in the 
case o f a p-type sem iconductor, the  hole 
concen tra tion  p ) is given by  the  fo rm ula :

1
n (o r p )  =  --------------  cm -3

R h X e
where e =  1-6 x 10““  C oulom bs.

(2 )

One of the m ost com m only m easured 
electrical p roperties o f a  sem iconductor is 
its resistivity (p ). T his can easily be 
obtained by m easuring the voltage Vp 
between two points, using a high im pedance 
voltm eter, as shown in Fig. 2. T h e  value 
of o can be calculated  using the  equation :

Vo x w x t

I X I
■ Hem (3 )

w here Vo =  voltage between the tw o points 
in volts

w =  m ateria l w idth in centim etres 
t =  m ateria l thickness in 

centim etres 
I =  cu rren t th rough  m ateria l in 

am peres
/ =  distance betw een the two 

points in centim etres.

The results obtained in equations (1 )  and 
(2 )  can  be used to  calculate the  carrier 
m obility  (it) . T h is is the d rift velocity o f 
the charge carrie r acquired  per unit electric 
field and is given by:

R h
-cm V volt sec. (4 )

F ig . 3

Materials

H all effect is p resent in all m etals but is 
m ore easily m easured in the  sem iconductor 
m aterials. W ith m ost m etals, the  Hall 
voltage is very sm all and large  fields m ust 
be applied before  any indication  is possible, 
even on the m ost sensitive instrum ents.

E xperim ents were successfully carried  out 
using norm al-production  transis to r base 
w afers which m easure approxim ately 
5 X 5 X 0 -4  m m. In  p ractice , it was 
found convenient to m ake contacts to the 
co rners o f the  w afer as show n in Figs. 3 
and 4. Fig. 4 shows the  com pleted p ro to 
type viewed from  both  sides. A  suitable 
m agnetic  field m ay be provided by the use 
o f perm anen t m agnets norm ally  available 
in the Science classroom .

Practical Measurements
T he circuit o f Fig. 3 is set up  and R V 2 

is varied to  set the cu rren t a t a convenient 
value. T his value will depend upon the 
size o f the  m ateria l, the size o f the field 
and the  sensitivity o f the in strum ent m easur
ing V H. R3 is a fixed lim iting resistor 
necessary to  prevent excessive curren t and 
subsequent dam age to the sam ple. F o r  the 
w afer quoted, the curren t should no t exceed 
12 m A.

-» p ag e  37
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If  two contacts are used fo r the voltage 
m easurem ent and they are no t exactly 
opposite each o ther, a residual voltage will 
be indicated on  the  voltm eter, even before 
a  field is applied. T o elim inate this voltage, 
three con tacts (a , a ' a " )  are used w ith a 
po ten tiom eter RV1 and the null point is 
obtained before  applying the field. The 
field is then  applied and the voltage 
m easured.

The field d irection  and cu rren t d irection 
can  be reversed  in  tu rn , fo u r values o f V H 
obtained  and a  m ean  value calculated. The 
various m easurem ents taken  can then  be 
substituted in equation  (1) to  obtain  R H 
and, in tu rn , R H used to  calculated  n.

The resistivity o f the  sam ple can also be 
m easured (w ith the field rem oved) by 
jassing a know n cu rren t th rough  the 

^ - 's a m p le  and  m easuring  the po ten tial drop 
(V p) across the  contacts a ' and a". RV1 
m ust be disconnected when this m easure
m ent is taken. U se fo rm ula  (3 ) to calcu
late p and substitute this value fo r  x  in 
equation (4 ) to obtain  the carrier m obility 
( m) .

W hen m aking the  above calculations 
som e difficulty can arise unless care  is taken 
w ith the units m entioned earlier. M any 
au th o rs  quote w idely differing quantities 
and system s and in the section m arked 
“T heory” all calcula tions a re  m ade in term s 
o f  volts, am peres, centim etres and gauss.

Results

T he results obtained in  the original 
experim ents are given below  and serve 
m erely as a guide to  the m agnitude of the 
m easurem ents and calculations m ade.

Apparatus

T he specim ens are usually  fairly  small 
and fragile  and fo r th is reason it is recom 
m ended th a t som e fo rm  of ho lder be m ade. 
It is difficult to  connect wires to  the surfaces 
o f the m ateria l and th u s it is suggested that 
spring-loaded p o in t contacts be em ployed.

In  the p ro to type holder, 8 m m  watch- 
strap  b a rs were used and held  in position 
by solder tags which also served as term i
nals. A n  exploded view  of the holder is 
show n in Fig. 5 and the  only com ponent 
requ iring  any degree of accuracy o f m an u 
factu re  is the Perspex piece containing the 
b a rs and w afer. The centre  hole can be 
drilled and  then  filed ou t w ith a i  inch 
square file un til it is 5 m m  square. The 
holes fo r  the  w atch-strap  bars are drilled 
in to  the sides o f the Perspex using a size 
52 drill. T he piece of packing m ateria l is 
necessary to  raise the  germ anium  w afer so 
th a t con tact is m ade with the  bars.

C.G.S. UNITS M.K.S. UNITS

B 1000 G auss 0 - lW b /n r

1 3mA 3 x  1 0 -3A

t 0 038m m 3-8 x  10~"m

W 6m m 6 x  1 0 -3m

I 2m m 2 x  1 0 -3m

V h 9-3m V 9-3 x  10“3V

R h l l ,7 8 0 c m 7 C 1-178 x  10--m 2/C

V o 94m V 9 -4  x  10--V

p 3.56f!cm 3-56 x  10~T!m

/t 3,300cm 2/V sec 0-33m 2/V sec

n 5-3 x  lO 'V cm 3 5-3 x  108/m 3

N O T E : M ullard-A ustralia  Pty. Ltd. can 
n o t m ake this equipm ent available e ither in 
com pleted fo rm  or as a  kit o f parts. This 
leaflet has been p roduced  sim ply as a  guide 
as to w hat can be achieved by the school 
itself.

T his article  is intended only as a  guide; 
o th er experim ents w hich though possible, 
have no t been a ttem pted  a re  variation  of 
resistivity— and hence carrie r m obility—  
w ith tem perature; the  effect otf H all voltage 
c f  various tem peratures, and the m easure
m ent o f m agnetic  fields once the initial 
results are obtained fo r a  given sam ple. ■

Further Reading

T he H all Effect and R elated Phenom ena 
by E. H. Putley  (B u tte rw o rth ).

H all Effect in Sem iconductor C om pounds 
by M. J. O. S tru tt (E lectron ic  and R adio 
E ngineer 1959, pp. 2-10).

A  Sim ple L ab o ra to ry  M ethod fo r the 
M easurem ent o f Som e P roperties o f a 
Sem iconductor, by  B. S tu ttard  (In te r
national lo u rn a l o f  E lectrical E ngineering 
E ducation, Vol. 1, N o. 1, June 1963).

a a

T he length  of the slots on the large  piece 
o f Perspex will be governed by th e  length 
of the  bars obtained. These bars a re  stocked 
by m ost jew ellers and cost a  few shillings 
each. T he balance po ten tiom eter RV1 can 
be m ade an  integral p a rt o f  the  ho lder by 
using one o f the sm all carbon  trim m ing 
po ten tiom eters now available on  the 
m arket. T hese are typically  less th an  1 
inch square and can be bolted to the larger 
Perspex piece.

8m m
WATCH STRAP V °  
BARS

\  3
THICK

Fig. 4 Fig. 5
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DETERMINATION OF ^  USING THE 

MAGNETRON EFFECT

Theory

M ost o f the po ten tial difference betw een 
the anode and the cathode acts across the 
first few  m illim etres o f electron  p a th  and 
the  electrons gain their velocity in this 
distance. Also, the  task  of m oving electrons 
from  the  cathode to the anode requires all 
the kinetic energy they possess and the 
centrifugal force on the electrons just 
balances the force due to  the field. W e 
can therefore  w rite:

|m v z i - eVa (1 )

m r
-------=  Bev (2 )
r

C om bining equations (1 )  and (2 )  we 
have

e 2V„ x  10“
—  =  ------------------ cou lom bs/g  (3)
m B"r2

If  R , the anode radius, is in troduced 
instead o f r and the field is provided by a 
coil having a constant K, where K  is 
defined by

Ic'J 
B2 =  —

K

then equation (3 )  becom es

e 8VaK x  10s /  
—  =  (4.
m I,-R a

w here I. is the current flowing through  the 
coil and the constant, K , can be calculated 
from  the dimensions o f the coil.

It can be seen from  equation (4 )  that in 
addition to  the m ethod outlined in the 
introduction , e /m  can be determ ined by 
keeping I 0 constant and varying the anode 
voltage Va until the required  conditions are 
fulfilled. This does not, of course, serve as 
a  check on the accuracy of the first m ethod 
as the same types o f e rro r are present in 
both  cases.

F o r a given fixed anode voltage, if the 
applied field is weak, the electrons are 
alm ost undeviated. (A  in  Fig. 1 ). In  a 
strong field the electrons m ove in circles 
of sm all radius and re tu rn  to  the cathode. 
(B in Fig. 1). A t a critical value o f the 
field, however, the electrons just graze the 
anode and m ove in circles of radius equal 
to ha lf the in ternal rad ius of the anode. 
(C  in Fig. 1). F ro m  a knowledge of the 
anode voltage, the critical value of the 
applied field and the anode radius, the 
value of e /m  can be calculated.

where

B is the applied flux density in gauss

Va is the anode voltage

v is the electron velocity in cm s./sec

r  is the radius of the circle o f m otion of 
electrons m easured in centim etres.

e and m  are the charge and m ass res
pectively of the electron I c (a m p ) 

F ig . 3

EXPERIM ENT 1

Apparatus
T he c ircuit d iagram  is shown in Fig. 2. 

In  this experim ent a  F e rran ti G R D 7 guard 
ring diode was used and the field was 
provided by the coil (see “Specification of 
C oil” ) . T his coil was energised by a  24 
volt accum ulator. The guard  ring was 
connected directly to  the positive high ten 
sion line, by-passing the m illiam eter, which 
thus m easured curren t from  the anode 
alone.

Note
In  the original experim ent, the power 

supplies w ere draw n from  three separate 
sources. If  a single pow er supply is used, 
it m ust be stabilised.

-» p ag e  39

T his experim ent provides a  sim ple and 
inexpensive m ethod  of determ ining the 
charge-to-m ass ra tio  o f the electron.

By the application of a  m agnetic field 
parallel to  the  straight filam ent o f a  diode 
having a  co-axial cylindrical anode, the 
electrons are deflected in to  curved paths 
w hich approxim ate  to circles.

ELECTRO N  PATH

D enotes 
m a g n e tic  fie ld
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Method

The anode voltage, V„, was kept constant 
and the coil cu rren t I c was increased by 
m eans of a rheostat until there  was a 
sudden fall in the anode curren t, I „  indica
ting that the field was sufficiently large to 
prevent electrons from  reaching the anode. 
This process was repeated  fo r several values 
o f Va.

Observations

A  graph was d raw n of I a versus I,, fo r 
each value of V a (Fig. 3) and the value 
o f Ic a t w hich I a falls off in each case was 
determ ined as the point of intersection of 
tangents draw n to  the curve above and 
below the “knee”. The values o f I, obtained 
in this way w ere tabu lated  against the 
corresponding values o f V„ (T ab le  1) and 
a graph was then  draw n of V n against I c2 
(Fig. 4 ) .

I c2 (a m p )2

Va (V O LT S) Ic (A M PS)

60 0-44

80 0-51

100 0-57

120 0-63

140 0-68

EXPERIM ENT 2

Apparatus

The circuit used fo r this experim ent was 
exactly the same as that used fo r E xperi
m ent 1.

Method

The curren t through the coil, I c, was 
kept constan t and the anode voltage V a 
was decreased from  a large value until 
there was a fall in the anode curren t I a. 
T his process was repeated  fo r several fixed 
values o f I c.

< 10 
E

-----
S '

—
f

- Ic = 0-45A 
I c =0-5 A 
I c =0-55A 

- Ic =0-6 A 
I c =0-66A 
I c =0-7 A

i
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Conclusions

The value of V a against I c2, the slope of 
the graph in Fig. 4, was 300 and the 
in ternal radius o f th e  anode of the  G R D 7 
is given as 0-325  cm. Substituting these 
results together w ith the coil constant K  in 
equation  (4 ) ,  a  value o f 1.73 x 107 
cou lom bs/gm . was obtained fo r e /m .

TABLE 1

Va (V O LT S) Ic (A M PS)

62 0-45
78 0-50
94 0-55

114 0-60
132 0-66
152 0-70

Specification of Coil
T he dim ensions o f the  coil used in the 

p ro to type  experim ents 1 and 2 are shown 
in Fig. 7. It com prised 2,100 tu rns of 
23 s.w.g. enam el w ire w ound in  22 layers 
giving a resistance of approxim ately  25 
ohm s.

I c2(a m p ) 

F ig . 6

4 0  6 0  8 0  100 120 140 160 180 2 0 0  
Va (v o lt s )

Fig. 5

Observations

A  graph was draw n of V a against I a 
(Fig. 5 ) and the critical values of V . 
were determ ined by the  intersection of 
tangents d raw n to the curve on  either side 
o f the “knee” . These values o f V a were 
tabu lated  against the corresponding values 
o f Ic (T able  2 ) and a graph  was draw n of 
V a against I ,2 (Fig. 6 ).

Conclusions

The value o f the relation  of V a against 
L-2 obtained from  this graph was 304. 
Substituting this value together with the 
in ternal rad ius o f the anode of the G R D 7 
(0 -325  cm .) and the value o f K  in equation 
(4 ) ,  a value of 1-76 x 107 cou lom bs/gm . 
was obtained fo r e /m .

TABLE 2

A d ju s t  ho le  d ia m e te r  A ll d im en sion s
to  f i t  v a lv e  e n ve lo p e . in cm .

Fig . 7

T he coil constant, K , was calculated from  
the follow ing relationship :

hence

and

where

B =  ■

B2 =

4 n N Ic cos 6

10 x  2L

4n2N Tc;

100 (L 2 +  X 2)

K =
100(L'2 +  X 2)

4 i r N 2

B is the flux density m easured in gauss at 
6 in Fig. 7 

2L is the length o f the  coil in cm 
X  is the m ean tu rns radius in cm 
N  is the to ta l num ber o f turns 
0 is the angle indicated in Fig. 7

and fo r the coil specified above, the value 
o f K was taken as 7-63 x 10~°. ■
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DETERMINATION OF THE CURIE 
POINT OF FERROXCUBE

M ullard------------------------------------- ------ --------

IN TRO DUC TIO N

The phenom enon w hereby ferro-m agnetic 
m ateria ls lose th e ir m agnetic properties 
when heated  to  a certain  tem peratu re  is 
know n as “the C urie effect”. T he term  
“C urie po in t” appears to imply a  precise 
tem peratu re  a t w hich the m agnetic p ro 
perties cease to  exist bu t this, how ever, is 
no t w hat occurs in  practice. A s the  tem 
peratu re  o f  the specim en is raised, it 
becom es less ferro-m agnetic  and by the 
tim e some specific tem pera ture  is reached, 
the m agnetic properties have been reduced 
to  abou t 5% -10%  of the norm al values. 
It is this tem pera tu re  w hich is defined as 
the C urie point. O f course, some m agnetic 
properties do exist at tem peratures exceed
ing the Curie tem pera tu re, bu t fo r p rac 
tical applications these properties are neg
ligible.

T he values o f such m agnetic properties 
as perm eability  do no t reduce linearly  with 
increasing tem pera tu re  and it is therefore  
o f interest to  exam ine Fig. 1 w hich shows 
the relationship betw een perm eability  and 
tem peratu re  o f a  typical ferrite.

Curie Points of Various Ferro-Magnetics

A ll know n ferro-m agnetics have a C urie 
point: the C urie poin t o f cobalt is about 
1200°C  but those o f certain  alloys o f nickel 
and iron  a re  m uch  lower. This facto r can

be em ployed in the  p roduction  o f special 
alloys fo r use as m agnetic  shunts, negative 
coefficient com pensators on perm anen t m ag
nets and also fo r applications in in stru 
m ents, w here it is used to  counteract the 
erro rs inherent in the  behaviour of springs 
w ith changing tem peratu re. T he C urie 
points o f  the sam ples o f F erroxcube selected 
fo r th is dem onstra tion  lie in the region 
of 100°C to 250 °C  and the values are 
relatively easy to  determ ine.

Ferroxcube

Ferroxcube is a ferro-m agnetic  m aterial 
developed principally  fo r use as a m agnetic 
core m ateria l in inductors, transfo rm ers and 
sim ilar w ound com ponents fo r applications 
at and above audio frequencies. In such 
cases, the use o f conventional perm eable 
core m aterials results in high losses m ainly 
due to  eddy currents. H ow ever, ferrites 
such as F erroxcube have a very high resis
tivity, so th a t eddy curren ts a re  generally 
of negligible im portance.

Apparatus

(1 ) A T iconal perm anent m agnet, of 
dim ensions I "  X  § ”  X  l i " .

(2 ) Short cylindrical specim ens o f F e rro x 
cube (dim ensions 1" X  i " )  o f three  
different grades, having different Curie 
points.

(3 ) A  brass con tainer having tw o com 
partm en ts (see Fig. 2 ) . The top com 
partm en t has solid walls and accom 
m odates the perm anent m agnet. The 
low er com partm ent is intended to  
accom m odate the  Ferroxcube, and is 
slotted to  ensure good circulation  of
oil and to perm it the specim en to  be 
observed.

(4 ) V arious pieces o f apparatus such as a 
therm om eter, re to rt stand, etc.

Method

T he p erm anen t m agnet is inserted into 
the  top  com partm ent of the con tainer and 
the Ferroxcube inserted into the low er com 
partm ent, the re taining pin being inserted.

T he con tainer is then  suspended verti
cally in an  oil-bath, taking care th a t the 
w hole o f the F erroxcube is im m ersed. 
I t  is, in  fact, preferab le  th a t the  w hole of 
the  con tainer be im m ersed. T he tem pera
tures specified fo r the experim ent will not 
affect the  p e rm anen t m agnet.

A fte r placing a therm om eter in the 
liquid, close to  the  specim en, the oil bath  
is heated  while the oil is continuously 
stirred to  ensure a un iform  tem perature.

W hen the  C urie po in t is reached, the 
Ferroxcube will fall away fro m  the pe r
m anent m agnet. T he tem pera ture  at which 
this occurs should be noted. A fter heating 
the oil th rough  a fu rth er 10°C or so, it is 
then  allow ed to cool until the C urie point 
is again  reached. A t this tem perature, the 
Ferroxcube will again be a ttrac ted  to the 
magnet.

The m ean of the two tem peratures 
recorded m ay be taken  as the  C urie point 
o f the specim en under test. The experim ent 
m ay  be repeated  with each of the three 
specim ens of Ferroxcube.

Observations

The observed values o f the C urie point 
can be checked against the values given in 
Fig. 3.«

F ig . 2

Approx.
Grade of Curie

Ferroxcube Point

A4 150°C

B1 200 °C

B2 250°C

F ig . 3 Table showing Curie points o f various 
grades o f Ferroxcube
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