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(71) We, RCA CORPO~TION, a biased; i.e.; wheri the SCR cathode is posi-
corporation ·organised Under the• laws of the · tive with. respect to its anode. For reasons of 
State of Delaware, United States ·of America, · eeonomy and ease ·of ·handling, it would be 
of · 30 Rockefeller Plaza; Qty and State of ·preferable if· the· circilit. function of the SCR 50 

S ··New York 10020, United States of America; ' ·and the associated diode rectifier could be 
do hereby declare the invention, for which combined 'in a 'single device, so that instead 
we pray. that. a patent ··may be· granted to us, · · of' requiring t\vo · · devices and five electrical 
and the method by which it is to be per- connections,. one. 'device and three electrical 
formed, to be particularly described in and conilectioris are all that would be necessary. 55 

10 by the following statement:-- ; 'ln"fact;. beeause of the semiconductor pro-
The present invention relates to switChing . file enipldyed, many SCR's of the shorted 

··devices• designed to function alternatively as emitter variety inherently function as a ·diode 
a thyristor or as a diode rectifier. ·· rectifier when· reverse ·bia5ed. However, the 

That class of thyristors known as con- · diode· rectifier · fui.lction of such devices is not 60 
15 trolled rectifiers are semiconductor switehes isolated from the controlled rectifier portion, 

having four semiconducting regions · of alter- thus preventing a rapid transition from one 
nate conductivity type and which employ function to the other. Therefore, it would 
anode,' · cathode, and ·gate electrodes. These bC desirable 'to physically and electrically iso­
devices are usually. fabricated {(om silicon .. ·late· the dfode· rectifier portion from that por- 65 

20 In its· normal state, the silioon controlled · tion of the device whiCh fonctions as an SCR. 
rectifier (SCR) is • non-conductive until an ' Acoording to the invention; we provide an 
appropriate voltage or current pulse is applied integral thyristor-rectifier dfode device, com-
to the gate electrode, . at which· point current · 'prising a ccystalline semiconductor body . hav­
fiows from the anode to the cathode and ing two opposed major surfaces and an edge 70 

2S delivers power to a. lciad Circuit; . If the SCR ·.·defining the 'pCriphery of said body, said body 
is reverse biased, it is non-conductive,. and including four semiconductor regions of alter­
cannot be turned on . by a gating ·signal. Once -nate · · conductivity type, with a PN jilnetion 
conduction starts,· the gate loses control and beriveen .adjacent regions; said four ·regions 
current flo\Vs from the anode· to the cathode including an · exte.rilal region at each of said 75 

.30 until it drops below a certain value (called surfaces, and ~o intermediate regions, with 
the . holding c:Urrent), at whiCh point the SCR · each iiltermediate region having a portion 
turns off and the gate. electrode regains· con- · eXt:ending ·to· a corresponding ·one of said. sur­
trol. The SCR is thus a solid state device · · faces; and a part of eaCh one of said inter-

. capable of performing the circuit function mediate: regi()ns at said corresponding surface 80 
35 · of a thyratron tube in many electronic appli- '• bc!tween the a.djacerit ·external region and said 

cations. In 'some of these applications,, such e'dge. being highly conductive relative to the 
· as in autoniobile ignition systems and hori- remainder of said intermediate region. 
zontal deflection circuits in television receivers, · · These ·high conductivity portions of the two 

· it is necessary to connect a separate rectifier in~rmediate regions serve to isolate the diode 85 
40 diode in parallel with the SCR.. Inthese.appli- · rectifier functicm "of the device from its con­

cations, the anode 'of the rectifier diode is ''trolled' rectifier function. 
· ·connected· tc) the cathode of the SCR, and the . '· F~GtJRE 1 is a cross-sectional view· of the 

cathode of' the rectifier · is oonnected to the · :d¢vice of the' present invention. 
SCR anode. Thus, : the ·rectifier · · diode FIGURE 2 is a second cross-sectional view 90 

45 . will be ·forward biased and current will of the:: device of FIGURE 1. 
flow through it when the SCR, is· reverse ·. FIGUl~R 3 is a cross.;sectional view of an 
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alternative embodiment of the device to 
FIGURE 1. 

FIGURE 4 is a schematic representation of 
the device of FIGURE 1. 

5 FIGURE 5 is a characteristic curve repre-
sentative of the operation of the device ·of 
FIGURE 1. 

A preferred embodiment of the present 
invention will be described with reference to 

10 FIGURES 1 and 2. 
Notjng FIGURE 1, the combination device 

10 comprises a crystalline :sCJriiconductor body 
12 having two opposed major. surfaces 14 
and 16, and an edge 18 which defuies the 

15 periphery of the body 12. The size and shape 
of the body 12 is not critical; however, a 
cylindrical· shape is preferted. By way of 
example, the body 12 is 6.0..-7.0 mils thick 
and 100-110 mils in.diameter. The body 12 

20 includes .· four semiconductor regions 20, 22, 
24, and 26 of alternate conductivity type, 
with PN junctions 21, 23, and 25, respec­
tively, between adjacent regions. The regions 
may form a PNPN or. NPNP.: configuration; 

25 however, a PNPN c:Onfiguratioil. is shown in 
FIGURE 1 and described hereiri. The8e four 
regions include two external regions 20 and 
26, which are adjacent the two correspond­
ing surfaces .16 and 14, respectively, and. 

30 further includes two intermediate ··regions 22 
and 24 which are adjacent each other and the 
two external regions 20 and 26; respectively. 
In addition, portions of each. intermediate 
region 22 and 24 extend to the correspond-

35 · ing one of · the two surfaces. As. shown in 
FIGURE 1, a portion 34 of.the N.type inter-. 
mediate region 22 which is adjacenfthe edge 
18 at the surface 16 is highly. conductive 

. (N+) relative to the re111ainder of . that N 
40 type intermediate region, and is spaced apart 

from the P wpe external region 20 by a low 
conductivity portion 28 of the N type inter­
mediate region 22 which extends to the surface 
16. In a like manner, a portion 36 of the P 

45 type intermediate region 24 which is adjacent 
the edge 18 at the surface 14 is highly con­
ductive (P+) relative to the remainder,of that 
P type . intermediate region, and is spaced 
apart from the N type external region 26 by 

50 a low conductivity portion 30 of the inter­
mediate region 24 which extends to the sur­
face 14. Further, a central.portion 32 of the 
P type intermediate region 24 extends. to the 
surface 14 and, preferably, is of P+ con-

55 ductivity to facilitate a low resistivity. con­
tact to the gate electrode; which is d~cribed 
below. 

A first electrode 38 is disposed onto .the 
entire surface 14, except ··adjacent the . central 

60 P+ portion 32. This electrode makes direct 
ohmic contact to the N type. external· region 
26. and those portfons 30 and 36 of the· P 
type intermediate region 24 which extend 
to the surface 14. A second electrode 40 is 

65 disposed onto the entire surface 16, and makes 

·ohmic contact to the P type external region 
20J and those portions 28 and 34 of the N 
type intermediate region 22 which extend to · V. 
the surface 16. A gate electrode 42 makes 
ohmic contact to ~he central portion 32 of 70 
the p type intermediate region 24. at the sur-
face 14. Preferably, a groove 44 in the sur-
face 14 isolates the first electrode 38 and the 
gate el~rode 42. 

The four semiconductor regions 20, 22, 24, 75 ....J 
and 26, and the first, second, and gate elec- . 
trodes 38, 40> . and 42 form a controlled 
rectifier which. functions in the manner pre-
viously descdbed. The two intermediate semi­
conductor 0regions 22 and 24 and the first and 80 
second electrode 38 and 40 defuie a diode 
rectifier which conducts current when the 
controlled rectifier is reverse biased. The high 
conductivity portions 34 and 36. of the· inter-
mediate regions 22 and 24 limit diode con- 85 
duction to the periphery of the body 12. A 
more .. detailed . description of the operation 
of the : device is · hereinafter described with 
reference to FIGURES 4 and 5. 

The device 10 preferably further includes 90 
a multiplicity of· gold recombination centers 
formed throughout the body 12. The dif­
fusion profiles of those recombination centers 
are shown, but.are not numbered in FIGURE 
2, Because of the particular manner in which 95 
the device is made, as -described below, the 
recombination ~ers tend to be substantially 
concentrated in that part of the body 12 
between the low conductivity portions 28 and 
30 of the two intermediate regions 22 and 100 
.24. These gold recombination centers thus 
effectively form ··a region of electrical isola-
tion . which tends to contain the coritrolled 
rectifier function of the device 10 to the cen-
trol portion of the body 12; and further limit 105 
the diode rectifier function of the device 10 
to the periphery of the body. 

The manner in which. the preferred embodi-. · 
ment of the device is fabricated will now be 
described .. The starting material is a body 12 110 
of N type crystalline silicon having a resistivity 
of about 20 ohm-cm. The PN junction 23 
is formed by diffusing a p type impurity into 
the body with a relatively low surface con­
centration, on the order of 1017 atoms per 115 
cubic centimeter. This junction· 23 may be 
formed by limiting the doping to surface 14, 
while surface 16 is protected by a mask of 
silicon dioxide, or the P type dopant may be 
allowed to penetrate both surfaces, after which 120 
it is remo-ved·Jrom surface 16 by an etclling 
or lapping step. Alternatively, PN junction 23 
may. be fi>rmed by. an epitaxial deposition of 
P type. silicon on the starting body 12. Insu­
lating layers of silicon dioxide are next grown 125 
on the surfaces 14 and 16 of the body 12 by 
heating the body for about three hours in an 
ambient of steam. Next, the insulating layers 
are.· removed from selected · portions . of the 
upper surface 14 and from a portion of the 130 
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lower surface 16, by using· photolithographic . pqrtion· 88 of the N region 78 extending to 65 
techniques well known in the art. The por .. · the ·surface. , 

\,__.,' tions removed expose the surfaces Qver what is · This embodiment is useful when the device 
to · become the external P+ region 20, and · is to· operate at the highest blocking voltage 

5 the P+ portions 32 and 36.. · . . . for a given thickness of the N type inter-
Thereafter, a P .type doping source, such. mediate region, because the N region 78 pre- 70 

as boron nitride, is applied to the. exposed. vents the depletion layer from spreading close 
portions of the two surfaces 14 and l6. The · ~ough to the P+ external region 20 to switch 
body is then heated to 1150°C .. for about the -device into conduction. 

\,,_.; 10 one-half hoµr to diffu8e the boron· into the. .. Fabrication of the device of FIGURE 3 
body 12. may. begin with simultaneous diffusion of P 75 

Next, adciidonal silicon ·dioxide is ·grown and ·N type ~opants into opposite surfaces of 
on the surfaces· 14 and: 16. The insulating • a . lightly dope4. N type wafer. Subsequent 
layers are . treated . with . another . photolitho- steps of ·masking and diffusing P.+ and. N + 

15 graphic sequence to expose those portions of· · impurities are tllen the same as for the device 
the surfaces which are ~o become the external of ~IGURE 1.. 80 
N + type region· 26 and the highly conductive· FIGURE 4 is a schematic circuit represen-
N+ portion 34 of the .N type intermediate tation 50 of the device 10 of FIGURES 1 
region 22. The. semiconductor body 12 is then and 2, in which· a diode rectifier 52 is <;on-

20 heated in the vapors 9f an N type doping nected in parallel with an SCR 54, with the 
source, such .as. phosphorous oxychloride, for diode 52 poled for forward conduction in 85 
about two hours at 1265°C to form those a ·direction opposite to that of the SCR 54. 
regions. The device .10 . is electrically equivalent to ·the 

The . remaining portions of silicon dioxide circuit SO, becal.lSC a diode junction is pro-
25 . are then stripped away · and a· thin layer of vided between the intermediate P region 24, 

gold about-25.0 A thick is evaporated or other- which senies as the anode region of the diode 90 

wise deposited on eacll of. -the surfaces 14 52, and the· intermediate N region 22 which 

and 16. The body 12 is then placed in a serves ~ :the· .cathode region for the diode. 
reducing atmosphere at a temperature between The first and second electrodes 38 and 40 

30 800°C to 900°C for about one hour, causing serve as the anode and cathode electrodes, 

gold impurities to diffuse into the body 12. respectively, for the diode 52 of FIGURE 95 

Because gold· diffuses much more readily 4. The . controlled . rectifier bas the 

through an undoped or· lightly doped region, P+N-PN+ profile of regions 20, 22, 24, 

those portions 28 and 30 of the two inter- and 26, respe_ctively, with an anode 40, cathode 
. 35 mediate regions 22 and 24 act· as "windows" 38, and gate electrode 42. 

which allow a higher concentration of gold . In· operation, when a positive bias is applied 100 
impurities to accumulate in that part of the · ,to the cathode of ·the SCR and a negative bias 

body between portions 28 and 30. This results is· applied ~ the SCR anode, the diode recti-
in a profile of gold recombination centers with- '· fier conducts current. Thus, during periods 

. 40 in the body as shown and described with when the ·SCR is biased off; the peripheral 

reference to FIGURE 2. diode, defined by the P and N .,.- regions 24 105 

The remaining gold is removed from the 
and 22 (FIGURE 1) is forward biased and 
cop.ducts ~ent fa a direction reverse to the 

surfaces 14 and 16. The first, second, and normal conduction of the SCR. The annular 
gate electrodes 38, 40, and · 42 are then highly conductive portions 36 and 34 of those 

45 deposited on the respecti\>e surfaces, as for two regions and the gold recombination centres 110 
example, by a nickel ele<;troplating process, previously:_described, effectively limit the :flow 
and the nickel electrodes are .thereafter coated of diode reverse current to the periphery r,>f 
with solder by dipping. The groove is etched the body_ 12 .. Whe~. the ·SCR 54 is forward 
into the device. The second electrode 40 of biased, it c~n be triggered into conduction 

50 the device is then. soldered. to a metallic sur-
face, which may be a surface of the device 

by. the . application of positive voltage pulses 115 
to i~s gate ·electrode, causing. the device to 

enclosure or package. func;~io'1. in the manner previously described. 
An alternate embodiment of the combina- The : ell=ctrical characteristics of a device 

ti on device is shown· in FIGURE 3. The conS;tructed in accordance with the foregoing 
55 alternative device · 70 is essentially similar to . are illustrated in Figure 5, where the anode 120 

the device 10 of FIGURE 1, except that the to cathode current (ordinate) is plotted against 
intermediate N type region 74 Corilptjses a the voltage (abscissa) between the anode and 
highly resistive N- region 76 adjacent the P the cathode. When the potential between the 
type intermediate region 24. and an N region anode and the cathode of the SCR is in the 

60 78 of higher conductivity than the N- region reverse non-conductj,pg direction, the SCR 125 
16. The N region 78 extends to the lower portion of the device is non-conductive, but 
surface 16 and includes the high conductivity the peripheral . rectifying diode is biased in 
N + portion 84, which is spaced apart from the forward direction, and . conducts reverse 
the adjacent P+ external region -20 by· a current. This is shown by that portien 60 of 
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·· :. thi · current-volmge·: cittve~~·Wltea:~ the·*olaricy ;;t·device : accotd,iiig:' to · dainl 2, · wherein :. said 
of the applied biased voltage is:~ to_l>.b9'dy:.furthet includes a multiplicity of recom-
forward ·bias ·the ;sCR;. · a:-::Siiiall:riellkage cur- : LbiD:ation'. tente:t:S.Jorllied therein, said tecom- 0 

· ~nt will flow .. AS': the :fb~~d; biasn\?Gltage is r~ nbmationA:enteI'S ~ being ' SubStaritially concen'.'._ 
S increased, a voltage- pOOit,::62:' ili':re«the<f, at trated in said ·body between the relatively low 60 

. -which point ··the fonvltrd· r~nt';inc"re~s ~·•·eonductiVity pcfrtions of eacli Said intermediate 
·increases rapidly, ::this ::being.;;the:··~p-oint" of~_"'.tt;gions·;eXt:ending· tO the corresponding sur-
avalanche breakd<5wn• ·for;. both~, the <SCR :'Qnd :':faces. : · . · · ·. 
diode sections of ... ·the::~~ViceJrWJienr~the•.for- '· 4:_:An int~gmithyristor-rectifier diode devi~. 

10. ward current exceeds a"critical:-vatue;:the volt- .,:acc6rdiilg ·to· Claim 3, wherein said recom.;. · 65 -.....) 
age across· the SCR::teverts•:back _to\ a 1ow bination ceil~rs comprise goJd impurities. 
vaIUe; At this pnint(tli~·SCR is -in the'.·''on" . · .5.' An ii:itegral' thyristo~ diode device com-

. condition and the fo.rward :ct1rrent;cfo.ereases ·;prising a: crystalline semiconductor body hav-
·rapidly with slight· increases. itf':the · forw~rd ·::·,mg:·nvo. ·opposed· major srirfaces, said body 

IS bias voltage. This -is- sh'own: "by:-~~e~:portton · including· four semiconductor regions of ~lter- 70 
64 of the character~tic cµtv~.;in)~i&Ji'e 5. ': nate cc:inductjvity· type, with a PN junction 
The thyristor· section-';~an'·'~. ,tt,iggerea. from ., between: aiijaceiit regioQs; said four regions 
the blocking state :to::the::~nduc~'.,state at •!•foclu~rig aii external region at each of said 
any voltage below point; 62· ·by' application of :. · :sUrfaces~ ' arid· "two intermediate regions, with 

20 ' a pdsitive bias 'to · ;the g11t~.r just as.· in· an .. :ea<:4 'intermediate region including an exten.:. 75 
ordinary· thyristor. · . · . . · · ·•· ~ion· thereof··a.te*ding t6 a corresponding one 
. The ~a:bove 'described;; device:, ·thus .... iricor• : ·of said- surface&>adjacent to a corresponding 

· porates the· desirable~ operating :~acterlstics 0ne of said external regions; a portion of 
of an SCR, and has the:, :added : fearure of 1.: each of said ·extensions being , highly conduc-

25 . being capable ·of .. supporting '.ci:itrent flO.w in . tive ·relative to · the remainder thereof, the . 80 
· -the reverse direction; This devke ·is .therefore ·. temairider ·of each of said extensfons ·being 
. suitable' for electronic~- applications requiring .. disposed. between the. highly cc:inductive· por-

.. ,. ·ati SCR together \lVith a separate pa.ralle1.:.con- tion · thereof. and: the corresponding adjacent 
nected diode rectifier~ · · · · · .-external region· and provid:U:,.g isolation there-

. .. · .. :between;··filld, .. wherein said highly conductive .. 85 
· .' 30 'WHAT WE CLAIM. :IS: - . : ·:portion of one of· said intermediate region 

1. ·An integral thyristor--rectifi~r diode ·>extensions, directly opposes said highly· con­
. device, comprising ~-, crysti1lline··semi~nduc- ·ductive portion ·of the other of said inter­

tor body having ··rwo: ·opposed"major sUtfaces ···~diate -regfoil ·extensions; a· first electrode 
and an edge defining the: periphery· of said -contacting-a first·one of said external regions 90 

; :;; body;. said body. including four ·. semiconduc- · · and -the ·corresponding highly conductive por-
tor regions of alternate condu:ctiVity type,-.with ··tion of a first one of said intermediate regions; 
a PN junction between· adjacent regions;-' said ' a second electrode contacting a second one 

· · four regions . including · m.i e;t~rilal · tegioJ:i· at · ·. of .said exte~a1 · regions ·and the correspond­
each of · said· surf~ces; anct tivo i1:J.~te · . ~-ing .. highly ·coliductive portion. of· a second· one · 95 

: 40 regions; with e~ch iiltermeqiate region :~v- of said intermediate regions; and a gate elec-
.. ing a portfoil extending to ·a-.·corres_ponding '. trode·contacting said first intermediate region . 
. one of said surfaces; and a ·part of. each one· · · 6. ··An iritegrru · thyristor rectifier . diode 
of said intermediate tegions· · ~t:said'. cori:es- ·· devi~ .substantially as described in the 
po~ding surfa~ bet\\'eeii~ the a.dj-ac:eilt ext~~ ;exampJe discfosed herein. . 100 

45 · region and sa1~ edge· beiI1g· highly conductive 
. relative to the remaiild.Cr"ofsaid".itrtt~te _For the Applieants: 

region ·· . .· "MATTHEWS, HADDAN & CO., 
, 2. ·An integral · thyri~tor~rectifier diode · Chartered Patent Agents, 

device ·according: to 'claim 1, wherein ·~d Haddan HQuse, · 
50 highly conduetive portion· of::sllid 'intermediate .. 33 Elrilfield Road, 

tegion is spaced ·apart ftc:im~:the adjacent · BromI.ey, BRl lSU. 
external region by a relatively ·1ow- oortduc- . " .. . . . . . 
tlvity · portion :of · said intermediate· region . ' 'Reference ·has ·been directed in pursuance 

· extending to said cor~ndmg·,,~fa:ce ••.. '_' o~.se~ion· 9, subsection (1) of the Patents Act 
: 55 •· · 3. · An integral 'thyriSt~~~'recti~er .. ~ode 194~.; to 'patent. Nos. 1234294 and ~l 75312. ·. 

Printed for Her Majesty's Stati9nery Office, by,the.Cpurier Press, Leamington Spa, 1978. 
Published by The Patent: om~, .25 Southamp,to:ii Buildings, London, WC2A lAY, from 

· w.nich copies maybe o9tained. . 

... '· · ....... · 
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t..1te current-voltage curve.· When .. the polarity ··device according to claim 2, wherein said 
of the applied biased voltage is. danged to body further includes a multiplicity of recom­
forward bias the SC~ a small leakage cur- · bination centers formed therein, said recom-
rent will flow. As the forward bias -voltage is bination centers being substantially concen­
increased, a voltage point 62 is· reached, at trated iri ·said body between the relatively low 
which point the forward current increases conductivity portions of each said intermediate 
increases rapidly, this being · the . point of · regions extending to the corresponding sur­
avalanche breakdown for both the SCR ·and ·faces. 
diode sections of the device: When the for- 4. An integral thyristor-rectifier diode device 

10 ward current exceeds a critical value, the volt- according to claim 3, wherein said recom­
age across the SCR reverts back to a low bination centers comprise gold impurities. 
value. At this point, the SCR is in the "on" 5. An integral thyristor diode device com­
condition and the forward current increases prising a crystalline semiconductor body hav­
rapidly with slight increases in the forward ing two opposed major surfaces, said body 

15 bias voltage. This is shown by the portion including four semiconductor regions of alter-
64 of the characteristic curve in Figure 5. nate conductivity type, with a PN junction 
The thyristor section can be triggered from between adjacent regions; said four regions 
the blocking state to the conducting state at including an external region at each of said 
any voltage below point 62 by· application of surfaces, and two intermediate regions, with 

20 a positive bias to the gate, just as in an each intermediate region including an exten-
crdinary thyristor. sion thereof extending to a corresponding one 

The ·above described device thus incor- of said surface~- adjacent to a corresponding 
porates the desirable operating characteristics one of said external regions; a portion of 
of an SCR, and has the added feature of ' ·each of said extensions being highly conduc-

25 being capable ·of supporting current fl.ow in tive relative to the remainder thereof, the 
the reverse direction. This device is therefore remainder of each of said extensions being 
suitable for electronic applications requiring disposed between the highly conductive por­
an SCR together with a separate parallel-con- tion thereof and the corresponding adjacent 
nected diode rectifier. external region and providing isolation there-

30 WHAT WE CLAIM IS:-
1. An integral th}Tistor-rectifier diode 

device, comprising a· crystalline semiconduc­
tor body having two opposed major surfaces 
and an edge defining the periphery of said 

35 body; said body including four semiconduc­
tor regions of alternate conductivity type, with 
a PN junction between adjacent regions; said 
four regions including an external region at 
each of said surfaces, and two intermediate 

40 regions, with each intermediate region hav­
ing a portion extending to a corresponding 
one of said surfaces; and a part of each one 
of said intermediate regions at said corres­
ponding surface between the adjacent external 

45 region and said edge being highly conductive 
relative to the remainder of said. intermediate 
region. 

2. An integral thyristor-rectifier diode 
device according to claim 1, wherein said 

50 highly conductive portion of said intermediate 
region is spaced apart from the adjacent 
external region by a relatively low conduc­
tivity portion of said intermediate region 
extending to said corresponding surface. 

55 3. An integral thyristor-rectifier diode 

·between; and wherein said highly conductive 
portion of one of said intermediate region 
extensions directly opposes said highly con­
ductive portion of the other of said inter­
mediate region extensions; a first electrode 
contacting a first one of said external regions 
and the corresponding highly conductive por­
tion of a first one of said intermediate regions; 
a second electrode contacting a second one 
of said external regions and the correspond­

. ing highly conductive portion of a second one 
of said intermediate regions; and a gate elec-

. trode contacting said first intermediate region. 
6. An integral thyristor rectifier diode 

device substantially as described in the 
example disclosed herein. 

For the Applicants: 
MATTHEWS, HADDAN & CO., 

Chartered Patent Agents, 
Haddan House, 

· 3 3 Elmfield Road, 
Bromley, BR! ISU. 

Reference has been directed in pursuance 
of section 9, subsection (1) of the Patents Act 
1949, to patent Nos. 1234294 and 1175312. 
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