1 2220513 SECURI TY ENCLOSURES Thi s invention rel ates
t.o a security enclosure for giving warning, or erasing information, if -
attenpted interference is made with an object withi:n. the enclosure. 'The
invention also relates to sheets and lam nates for use in making such C
encl osures. The systemis particularly applicable to the protection of
items such as docunents, magnetic information store or el ectroni c,zc?r?@§13
contai ning nmenory information. The securily enclosure conpletely

encapsul ates the item being protected but may have an inter-connecting plug
bonded into it to allow operation of the enclosed item such as a printed

circuit board. Docunents or .f I.le ont ai ni ng security
sensitive information have to b world and it is often
necessary to ensure that the docunents have not been interfered with in

transit or that if any attenpt is nmade to reveal the information by an

unaut hori sed P45 50N ngBnidhm r219UMICEOT ol NELHRHY tie%lgﬁﬁiefqeh"iygtﬂaeﬁ[

erased. Printed circuit boards in conputers or a‘canvers
of ten contai ngiPIRGY WE¥hERY, Wo£N SPP4i{fly information, if attempted

interference ‘is made with an object within the

enclosure. The invention also relates to sheets and

- laminates for use in making such enclosyres.

The system is particularly applicdble to the protection
of items such as documents, magnetic information store
or electronic circuits containing memory information.
The security enclosure completely encapsulates the item
being ptotected but may have an ihter-connecting plug
bonded into it to allow operation of the enclosed item,

such as a printed circuit board.

Documents or magnetic files, containing security [
U sensitive information have to be sent throughout the

world and it is often necessary to ensure that the

documents have not been interfered Qith in transit or

thaﬁ if any attempt is made to reveal the information

by an unauthorised person,'an alarm is sounded or the

information destroyed or erased.

Printed circuit boards in computers or data conversion

equipment, often contain memory devices which should



2 not be read (electronically), by anyone but authorised people. Any
attenpt to tap on to the board or device should ideally result in an.
.erasure of all menory information. The encl osure shoul d provide protection
fromnmany forns of attack, fromvery crude destructive attacks to highly
sophi sticated | aboratory attacks, but at the same tinme be sufficiently
insensitive as not to be triggered by normal environnental effects such
as tenperature, humdity and vibration. Also in the case of printed circuit
boards which nust operate in the enclosure, the cable entry rust not
conprom se the security of the enclosure and the encl osure nust be
sufficiently thermally conductive to stop the circuit fromoverheating. A

P s RN R AR Ry RIS o B
[ 4 612 . ] ' ' s\\J
procecd: nos 4Reltade12 AP aThliins 6N A6} V8 lld Moatd U IR ©

device is theaneatlhedihﬁafggxyreéﬁen-1n e fdrdBurd '8£ (@115 mémord

resistive elenent whic
' information.

The enclosure should.provide protection from many forms

of attack, from very crude destructive attacks to

i/, : highly sophisticated - laboratory ?ttacks, but at the
. same time be sufficientiy‘ insensitive aé not to be

triggered by normal_ eﬁvironmental effects such as

' temperature, humidity and vibrafion. Also in the case

of printed circuit boards which must oﬁerate in the

enclosure, the cable entry must not compromise the

security of the enclos_ure and the enclosure must be
sufficiently {:hermally conductive to stop the circuit

from overheating.
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A previous proposal is described in a paper entitled
"Physical Security for the ABYSS System" by Steve H.
Weingart, of I.B.M. in 1987 IEEE proceedings 49 89 4612
488. | |

This system uses very fine insulated 'wire_ which is
wrapped around the device to be -protected, The
"comp_léte device is then potted 'iﬂ'_epoxy resin. The

fine wire forms a long _resistive 'glement which is



3 connected to a nonitor circ
this type of° security enc
'No neans of inserting the

uit to detect changes in resistance. However,
| osure has the follow ng disadvantages:- (1)
article to be protected after t he

encl osure has been fabricated. (2) In order to get high cover{%g,-a
lot of wire is used causing significant size and weight increase. (3)
;Corners are very difficult to cover. -ldeal shape for this type of device
is a sphere, but not nany electronic cigcuits are this shape. (4) '
- X-rays nmay be used to detect |ow coverage areas. (5) Epoxy can be

~ scraped away to revea

hol e. (6)

Not practi cal

t he encl osurcomiected e i ad monitor. circudt- to detect changes in

resistance.

However, this ¢type of security enclosure has the

following disadvantages:- -

(1)

(2)

(3)

(4)

(5)

(6)

No means of-'inSerting-'the- article to be

protected after the. epglosute' has- been

’

fabricated.

In order to get high-covetage, a lot of wire

~is used causing significant size and weight

increase.

Corners are very difficult to cover. Ideal

shape for this type of device is a sphere, but

" not many electronic circuits are this shape.

x;rays may be used to detect 1low coverage

areas.

Epoxy can be scraped'. away to,__z"éveal elements

which can be carefully tapped to create a hole.

Not practical for securing items which would

be removed from the enclosure after a period

of time.

el ements which can be carefully tapped to create a
for securing itens which would be renoved from

'y
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According to a first aspect of the invention there is provided a security
encl-osure conprising a flexible sheet of an insulating material extending
over the whole of the area of the enclosure and carrying a flexible linear
el ectrirsally responsive el enent arranged on both sides of the sheet in a
configwration so dividing the surfaces thereof that attenpted opening of
‘the encl osure changes an el ectrical characterigtic of the element, the
change being detectable by an electrical circuit, the linear electrically

‘responsive el enericéordingi tg &nfFrs€yashett N6F tie cvverstisn ofthére tdeet
of insulating material extending between spaced points around the edge of

the sheet, said parovided ansecurityfemndbosineetcdmprisimgragfkexible tsheéde
points on the other side, and the lines on one side of the sheet extending
obl i quel y rel ati vef tan t imsulaking mater iahecextending dover riche iwkole vt cthel
thereto at the registering points so as to forma single conductor dividing
the sheet into a ¥%@2iqf othe eneleanye sand | cCarering Ml kewiblerbinedrform a
container or may be in the formof a pad. Preferably the_linear

electrical ly iespleFteiealhy ¥espoRsiveselenent a¥rangesd QR krkh|gides of

e Sy e P o0 0B, Ll elieet ool UopL25 i B S 2hy v 10
hag a resistivityt££f£§¥ egtoaétgﬁgked.opening'of'the énclosure.changes an
electrical charaéferistic of ﬁhe element; the change being
detectable by an electrical circuit, the linear
electrically responsive element comprising an array of
lines §n each side of the.sheét of insulating material
extending between spaced points around the edge of the
sheet, said points on one side of the sheet being in
register with the points on the other side, and the lines
on one side of the sheet extending obiiquely relative to
the lines on the other side and being interconnected
thereto at the registering points so as to form a single
conductor dividing the sheet into a matrix of relatively
o - small areas. | |
'jThé enciosure.may form a container or may be in the
form of a pad.
Preferably the linear electrically responsive_element
,cqmpriées a line of a semiconducﬁive material. The line
may be printed on fhe sheet of insulating material using a
semiconductive ink. The semiconductive ink preferably
contains cafbon and has a resistivity of betweén 0.1 and

10 ohm-cn.



10 ohmcm -5 - The Iines on each side of the shéet of insulating
material may be parallel to each other whereby the sheet is divided into a
matri x of di anond shaped areas, the |argest dinension of each di anond )
'shaped area preferably being not nore than 10mm The interconnection.
between the lines at the points may be by a conductive adhesive extens#ng
through the flexible sheet. Preferably, the5flexible sheet of insulating

material is provided with an outer |ayer of opaque nmaterial which covers
the linear electrichreylinesopn;each| gidarofThResehaett pfchnsutatingin

operation, also inc]qﬁes a onitor fiicﬁit connected to the |inear
Bto

electrically r?ﬁﬁﬁﬁ%ﬁ ém%YeB%ﬁPaf64 ﬁc?ﬂﬁhaﬂtE?ECVPFEQPYOEPEufheet-6-
encl osure.  Theld EYIIE ChAFO.ahklx| AF) GiERROR TReRedafeagerther
largest dimensiog of each diamend shaped area preferably
being not more than 10mm. |
The interconnection between the lines at the points
may be by a conductive adhesive extending through the
 flexible sheet. |
Preferably, the flexible eheet of insulaﬂing matefial_
is provided with an outer layer of-opaque_material which
' govefs the linear electrically responsive element. |
The security ehclosure, in operation, also includes a
monitor circuit connected to the iinear electrically

responsive element for producing an electrical output

[ d



el ectrically responsive fibrous material separated by a |ayer of flexible
i nsul at'ing material, the |layers extending over the whole area of the

encl osure,;” and the length of the fibres of the fibrous material being
great er~than the thickness of the |layer of insulating material so that
piercfhﬁ of the enclosure forces fibres fromaone of said layers of fibrous
material to penetrate the | ayer of insulating terial and contact the

ot her of said layers of fibrous material to change an el ectrical
characteristic of the layers of fibrous responsive material, said change

bei ng det ect abl e Jherp R lddta el 'Hitactll it Raldy %ﬂé,él*&”e?‘l@jcﬁf&nr?gsv .

di vi sional application no. 9210126.0. The layers of electrically respo

fibrous material df\ogehimy O tHe erBlsHigt i ve fibres whose conbi ned
resi stance changes on piercing. The |ayers of electrically responsive

fibrous material are preferably arranged over the flexible sheet of
insulating material carrying the linear electrically responsive el enent and
separ at ed t her ef I'The Becuriby lencloguare afay rindlarddendwmifdexibhle layersi\of e
the electrically responsive el enent and:layers are of sem conductive
material, the |ifdacttiaallx gesponsive fibrous material separated by a

layer of flexible insulating material, the layers
extending over the whole area of the enclosure, and the
length of the fibres of thé fibrous material being greater':
N | than the thickness of the layer of insulating material so
that piercing of the enclosure fbrces fibres from oné of
said layers of fiﬁrous haterial to penetrate the layer of
insulating material and contact the other of said layers
of fibrous material to change ah electricél characteristic
of the lajers of fibrous responsive matérial, said change
being detectable by an electrical circuit. This feature

is the subject of divisional application no. 9210126.0.

The layers of electrically responsive fibrous material may
be laYers of semiconductive fibres whose.combined

resistance changes on piercing.

The layers of'eleétrically'responsive fibrous material are
'pfeferably'arranged over the flexible sheet of.insulating
materiai’cafrying the linear electrically responsive
elenment énd separaﬁed-theyefrdm by a furthéf layer of

insulating material.



responsi ve el ement may be connected electrically between the | ayers of
electrically responsive fibrous material so that piercing of the |ayers of
el ectrically responsive fibrous material fornms two parallel resistive

el ements. The connection may be formed by a connection strip which is,

I ncorporated into the enclosure on closing'a%d Whi ch carries tracks fé#hing
t he required connections. Were a nonitor circuit is provided, the nonitor
circuit is preferably connected across the ends of the linear electrically

responsi ve ele ' b S S r
detecting changes |r:E# rlca i?%%%g %%Péﬁereo %ﬁ%&ﬁ 5%&6%$g¥§£ a£€
circuits. The fogl d C odi nent s
of the |nvent|dﬁ* %Fﬁ exanp e ri'%geﬁggébg%é%fﬂa e to ?ﬁaff?

acconpanyi ng drf&&ﬁmswev@léﬂent rGe lcénéctéd cdPdber batfn y! S&Wéeﬂne

side of a flexible sheet for use inTormng a security enclosure in

accordance W t htife fldpérespecélectiically crésponsive - SibFogs/ faterfal so
schematic plan view of the other side of the sheet shownin Figure 1, with,
the first side tieatagpbéooing noPrehenlayees;of electrically responsive

fibrous material forms two-paraliél resistive elements.

The connection may be formed by a connection strip which
is incorporated into the enclosure on closing and which QJ

carries tracks forming the required connections.

Where a monitor circuit is provided, the monitof circuit
is p:éfefably connected across the ends of the linear
electricaliy reéponéiﬁé element and to the electrically
responsive fibrous layers for detecting changes in
electrical resistance thereof and/or open or short

circuits.

The following is a more detailed description of some
embédiments of the invention,_by way of example reference

being.made_to the accompanying drawings in which:-

Figure 1 is a schematic plan view of one side of a
flexible sheet for use in forming a security enclosure in

accordance with a first aspect of the invention;



Figure 3 is a schematic section through a portion of the sheet of Figures 1
and 2 showi ng the interconnection of sem conductive dots of the sheet;
Figure 4 9s a simlar viewto Figure 2 but showing the electrical
connegtj on' of the security circuit fornmed on the sheet ; Figures 5a, 5b and
5¢c ar&a plan view, an expl oded side view art & sTde el evati on respectively
of a flexible lamnate for use in formng a security enclosure

i ncorporating a second aspect of the invention; Figure 6 is a parti al

cross-section of pigwdge ds%%ﬁﬁﬁb%ﬁ'éﬂe@%%%ﬁﬂm&é ifife

| am nate shown in Figure 5, show ng the- interconnection of the ayers
of” the encl osure shqetgmlmm idn Figurg dhn ofith dthe firstorside beinyg tém:wn
security enclosure &, Fi ures 5 and 6; Figure 8 is a plan view of a
connection strip¥ }iP88% security enclosure of Figures 5 to 7, the
. menber having flaps in an unfolded condition; Figure 9 is a V|em15|n1lar to
Figure 8 but showing the flaps in a folded.condition; Figure 10 is a

simlar viewto FRignfe B s a SuhémtidSection through a portion of the
sheet of Figures 1 and 2 showing the interconnect1on of

semi conductive dots of the sheet;

Figure 4 is a similar view to Figure 2 but showing'the
U electrical_connection_of the security circuit formed on

the sheet; . ‘

Figures 5a, 5b and Sc are a plan view, an exploded_side
view and a side elevation respectively of a flexible
laminate for use in forming a secufity enclosure

incorporating a second aspect of the invention;

Figure 6 is a partial cross-section of an edge of a
completed security enclosure formed from the laminate

shown in Figure 5, showing the interconnection of the



connection strip in position in the enclosure, and Figure 11 is a view
simlar to Figure 6 but showing the incorporation of a connector in theé
security enclosure. The security enclosure sheet shown in Figures 1°to 4
conpri ses a mtrix of di agonally = extendi ng sem conductivge
lines 10 printed on to a rectangular thin insulating film21l. Each li¥e 10
?erninates at each end in a sem -conductive dot 12 adjacent the edge of the
ilmas shown in Figure 1, the pattern gf |lines and dots being printed on
to the insulating film11 using a sem conductive ink. 10 A simlar
pattern of sem conductive |lines 13 and dots 14 are printed on to the
reverse side of the film21l as shown in Figure 2. The dots 12,14 are in

regi ster andlayerg! 6€t theakhelosuiect;ed through the film by one of a nunber
of means, For exanple a hole may be punched in the centre of each dot 12,14
and a conductive adhesive 15 applied to the hole, to bridge the top dot 12

to the bottomdot 14, as shown in Figure 3. This matrix of lines 10,13 now
forms a conFiguzel W cisnactdilagramuiof whi cirouitt b€obr alsen witht thhepts are

made to penetrate the filmby cutting, abrasion,
security enclosure of Figures 5 and 6;

Figure 8 is a plah view of a connéction strip for use
with the security enclosure of Figures 5 to 7, the
member having flaps in an unfolded condition; o/
Figure 9'is a view simiiar to Figure 8 but showing the

flaps in é folded condition;

Eigure 10 is a similar view to Figﬁre 6'but showing the

connection strip in position in the enclosure, and

Figure 11 is a view similar to Figure 6 but showing the

incorporation of a connector in the security enclosure. .;)

.TheVSecurity enclosure sheet shown in Figures 1 to 4
comprises a matrix of diagonally extending
semiconductive lines 10 printed-_on to a rectangular
thi_n insulating film 11. Each line 10 termin'ates at
each end in a semi-conductive dot 12 adjacent the edge
of the film as shown in Figure 1, the pattein of lihes_
and dots be:’mg printed on to the insulating £film 11

using a semiconductive ink.

-



application of solvents, ‘or application of heat. The nonitoring of the
circuit is done by opening the circuit at one point and neasuring the
change of*resistance between the two ends of the circuit, as shown in
Figure4. Even if the lines 10,13 could be identified, it would be al nost
|npos§vble to tap across sections of the lines 10,13 to produce a useful
size of hole, due to the relative random nature of the pattern. Adjacent
lines 10,13 are of quite different potential because they are far from each
other in the electrical circuit, despite Bé ng close physicallly.
Typically, the dots 12,14 woul d be spaced, such as to produce a matrix of
di anond shaped areas of l|argest dinension |ess than 10mm The film
11 ‘is then over-printed with a‘layer of non-conductive ink (not shomm)

t he sane col our as the sem conductive ink, so as to conceal the matrix.

s preferred thatfarbop Lactash ge psa&ggsf\hueg geg%}%twg %na?gféggt S

of the matri x, st nce nost

{EgeigigﬁilgpetgglyesggﬁJﬁﬂﬁgfﬁﬁr t he h|n |nsul |ng ?f? 3?1Q8§8§%ﬁ%§0:0r

lless thick, shown in Figure 2. The dots 12,14 are in register and
are electrically connected throngh the film by one of a
. number of meéns. For example a hole may be punched in
the-centre.of each dot 12,14 and a conductive adhesive
15lapplied to the hole, tn bridge’the top dot 12 to the

bottom dot 14, as shown inmrigure'3.

This matrix of 1lines 10,13 now forms a continually
connected circuit which ﬁill_he broken if attempts are
made to penetrate. the  film by cutting, abrasion,

applidation'of solvents, or application of heat.

The monitoring of the circuit is done'by opening the

Y circuit at one point and measuring the change of
' resistance between the two ends of the circuit, as

shown in Figure 4. Even if the lines 10,13 could he'

identified, it wonld be almost impossible to tap across

sections of the lines 10,13 tn produce a useful size of

hole, due to the reiative ‘random nature 6f the

patﬁern. Adjacent lines 10,13 are of qnitg different
potential because thgy,areefgr from each other in the

"electrical circuit, despite béing close physically.



and carbon filled pol yester adhesive for the |lines 10,13 and dots 12, 14
applied by screen printing. Typically the lines 10,13 may be 1HW1MAde and.
the dots 12,14 may be 3nmin dianeter and 0.025nm - 0.2nm thi ck, depending -
on the overall resistance required. The carbon will be chosen t 0.
produce low resistivity for low volune filling. Typically a track na?ﬁ e
formed with a resistivity of 6 ohnms-cmfor a 15% carbon |loading in

pol yester. The over-printing |ayer (notlfhomm) woul d al so be a carbon

| oaded polyester film In this case the carbon would be chosen to produce
hi gh col our (jetness) with 12 low | oading and m ni rum change to
electrical resistance. Typically a resistivity higher than [err] ohns-cm

can be achrypypcalip; tRe d¥td OB 1@, woulld! Ye mgy ¢céd posuend d£Ltpess. A
conpl eted security enclosure may be forned in the Tollow ng way. First the

rectangul ar progeeenta pRat2isr cofis @drdnlond i shapedoraieeas slodvnlapgésgur e

5b. Layers 16 are thin insulating films, e.g. of polyester, |layers 17

are filnms ofdsmeasibomucless fthanus lOmmeriaTheandfihyer118 is then
over-—printed' .with. a layer of non-cbnduc_tive ink (not
shown), the same colour as the semiconductive ink, so
as to conceal the matrix. It is preferred that-carbon
is used to provide the seﬁiconducting-properties of the
matrix, since it is most easily concealed to o
sophisticated investigation 'techﬁiques such as X-Ray

examination.

Preferred materials for the matrix éte polyester film

for the thin insulating film 11, 0.025mm or less thick,

and carbon filled polyester adhesive for the 1lines

10,13 and dots 12,14 applied by screen printing;
Typically the lines 10,13 may be 1lmm wide and the dots

12,14 may be 3mm in diameter and 0.025mm - 0.2mm thick, | J
dependxng on the overall res1stance required. The'
carbon w111 be chosen to produce low-resiétivity for

low volume filling. Typically a track may be formed

with a resistivity of 6 ohms-cm for a 15% carbon

loading in polyester.

The over-printing layer (not shown) would ‘also be a
carbon Ioaded_polyester'film} In this case the carbon

would be chosen to produce high cqlout (jetness) with



i's. a film havi ng a conpleted matrix of sem conductive tracks as descri bed

above with refrerence to Figures 1 to 4. Each sem -conductive | ayer

17 is

made throughout of a fibrous material such that, in use, if a sharp object
penetrates the |ayers, the object will pull fragnments of the upper
sem -coriduct i ve | ayer through the intervening insulating |layer 16 to
and to nmake electrical contact wth, the |ower sem -conduct

t ouch,
| ayer.

In

order to have a high probedility of a conductive pat

being formed, the insulating layer should be thinner than the

| ength

of

the conductive fibres produced by pushing an object through

13 'the seni-conductive layer. The insulating |ayer should therefore be
t hi cker than, 1@ prladingy iandhi mpinimymn, chamge scbo- comdectrical
Typical ly the thickness of the sem -conductive |ayers 17qgay be
0.075nm and meBighanGRss FYPicallys A axesdstdydty ibigher Fhanolfpre

| ayer .

t han

0. 025mMn The preferred em - congductive fJ brous_pateri
unsi ntered, cRNRFTCH oKRAR RFyi3E %ﬁ‘f?fﬁr e"u(

resistivity Ofpx:[ V53

hyl®n
|y to 10 ohns-cm and the

nlg ggéc? n%eltness.
A completed security enclosure may be formed in the

following way.

First the rectangular coniponent patts are assembled in
the order shwa; in Figure 5b. = Layers 16 are thiln
insulatipg 'f'ilms, e.g. of polyester, layeré 17 are
films of semiconductive fibrous material, ‘and layer 18
is. a film having a completed matrix of semiconductive
tracks as described above with reference to Figures 1

to 4.

Each sex_ni—condﬁctivé layer 17 is made throughout of a
fibrous material such that, in use, if a sharp object
'penet'tates-_' the layers, the object will pull £fragments
of the u.pper. semi-condudtive layer through the

intervening insulating iaye: 16 to touch, and to make

ive
h _
nmean

no

1Rgyi ngl‘éigm une

electrical contact with, the lower semi-conductive-'

layer. In - orxder to have a high probability of a

conductive path being formed, the insulating 1layer

.should be thinner than the mean. length of the

conductive fibres produced by pushinqﬁ an object through

~



preferred i

between the layers 16,17 and 18, and the conplete |am nate assenbly i$ then

lthermally b
0.5 nm It

cllarity and that the sizes of the.layers increase successively t owar ds®

|/ ower nost |
t hus st eppe
filmlayer

extending f
respective

of the in
has its edg

nsul ating material is polyester film Adhesive is appl i ed

onded in a hot press. A typical thickness for the lanminate is’
will be seen that dinensions in the drawings are exagerateg for

ayer 16. The edges of the layers 16,17,18 in the | am nate

d. downwardly, and it will baa3oted that the | owernost insulating

t he
are

16 is provided with a flap B at one end and side flaps A and C

romthe flapped end to the centre line Z-Z bisecting the .
sides. It will also be noticed that the correspondi ng

hal f

theatsemj-cdonductiive-rlayer. Thei insuilating dayer tshoulder 18

es extended sufficiently to cover the correspondi ng edges of the

LY

| ayer 18. ThBereforejhenx thigken tban.s and Rreks ¥ Hes BRRefine 7-Z
furth hesi b [ | th X d Y of .
oy ccEhgly or $6m5-GoRaRGtHE| ooLareRo : hOBEP HRLLY X bRy

and, after
t he | ower nmo

thickness of the semi-conductive layers 17 may be
0.075mm, and the thickness of the insulating layers 16

may be no more than 0.025mm.  The preferred semi-

conductive fibrous material is wunsintered, carbon-

loaded polytéttafluoroethylene (PTFE‘_:) having. a volume

resistivity of typically'from 1 to 10 ohms-cm, and the-

preferred insnlating materiai is polyester £ilm.

Adhesive-_ is applied between the layers 16,17 and 18,
and the comf:lete- laminate assembly is then thermally

bonded in a hot press. A typical thickness for the

laminate is 0.5 mm,

It wiilibe seen: that dimensions in.thg-drawings are

exagerated for clarity and that the sizes of the layers
inc;ease*successively tbﬁards theiloﬁeimost layer - 16.
The edges of the layers 16,17,18 in the laminate are
thus stépped downwardly, and it will be noted that the

lowermost insulating film layer 16 is provided with a

_flap'B at one end and side flaps A and C extending from

the flapped end to the centre line Z-Z bisecting the
réspective- sides. It will ~also be: noticed that the

corresponding half of the insulating film layer 16

“



Flaps A and B. are fol ded over to nechanically conplete this stage and
thus rmke an open ended bag or envel ope. Figure 6, shows the
arrangement at one of the seal ed edges. Since the matrix |ayer 18 extends
very cl.ose to the edges of the conpleted enclosure and the two sides of the
matri»~ ayer 18 make the final bond at points marked C and D and are
separated only by one thin layer 16 of insulation, any attenpt to prise
open the edge will result in breaking the circuit on the matrix |ayer 18.
The adhesive used for l'am nating and mmnﬂﬁg t he edges, and the adhesive
used in the sem conductive ink on the matrix are identical, and therefore
any solvents used to dissolve the edge adhesive will also dissolve the

Tt x, - thi o BERPALREYY Capo¥HC rale’ A4xe B, e, 454, %ﬁe&“&%&ﬁ@ to:
;ggi '([)It gﬁ;I soll ﬁB rmgiﬁ gpbggeaislgemnggﬁg ?:3\9}83 nes iggeg ?E]F%eby

|l ayer 18 to angR}Hctygni ¢ nonitor board included within the enclosure;, wll
vary accordlng t'o the application.

The flat 1laminate so prbduced is folded along the

.centre line 2-Z and, after further adhesive has been

- applied along the edges X and Y of the lowermost three

\ _ layers 16,18, is sealed along 't'hese edges X and Y.
o Flaps A and B are folded over to Aechanically complete
this stage and'.thus ﬁake: an open ended bag or

envelope. Figure 6, shows the arrangement at one of

the sealed edges.

Since' the matrix layer 18 extends very é'lose to the
‘edges of the completed encloéure and the two sides of
the matrix layer 18 make the final bond at pbinté
marked C and D and are sepérafed only by one thin layer
16 ;f insulation, any attempt to prise open the edge
will result'in_breaking the éircuit on the matrix'layer
18. The adhesive used for laminating and bonding the
edges, and the adhesive used in the semiconductive ink
on the matrix are identical, and tlierefore any sblvents
used td_dissolve the edge adhesive will also'dissolve
the matrix lines 10,13.. .Also, due to the carbon
- £illing of the ink on the.matrlx, this bond has a lower

tensile strength and elonqation COmpared to the other



In general the electrical nonitor circuit will be as in Figure 7. Ra and
Ro represent the two sem conductive |ayers 17, (see Figures 5 and 6), "and
Rc represents the sem conductive lines 10,13 of the matrix. IClL is a )
wi'ndow conparator wth the centre of the window referenced by the =
voltage divider Re and Rf. The size of the windowis controlled by ot Mt
resistive el ements not shown but follow conventional electronic design
practice. The conparator therefore nonitgys. the voltage at Pin 1 which is
controll ed by the resistance chain Rd, I%c and Rg. Since Rd and Rg are
fixed, any change to Rc will result in ICl changing state and giving an
out put, which nmay be used in a variety of ways according to the

appl i cati on. adhesevescused twiti dK agke Ohothao@dled td Sthé OkameO'dedidd €d,

V(Pin 1) will increase or decrease and cause an output at IClL. Simlarly,
I f an attenpbydadditiompaldi @olidstade by piercing, sem conductive fibres
wll be drawn from one sem conductive layer 17 to the other, causing a

short circuit between Ra and Rb and thus changing the resistance between
points E and F in Fi gure 7. Provided Ra and Rb are not significantly
Iarger than Ferminasicantefl Wmngemicondudtisle lines 10,13 of the

layer 18 to an electronic monitor board included within
the enclosure, will 'vary acéording‘ to the épplication.
In general the electrical monitor circuit will be as in
Figute- 7. Ra and Rb represent the two semitonduétive' v/
léyers 17, (s_é_e- Figures 5 and 6), 'and Rc represents the

semiconductive lines 10,13 of the matrix.

ICL is a window comparator with the centre of the
window. réferenced by the voitage-- divider Re and REf,
The size of the window is controlled by other resistive
elements not shown but follow conventional electronic

design practice.

The comparator therefore monitors the voltage at Pin 1
which is controlled by the resistance chain R4, Rc and
Rg. -Sinée R@ and Rg are fixed. any éhange- to Rc will
result in ICl1 changing state .and' giving han output,
which may be used in- a variety of ways according to the
application. Therefore, if the track of the matrix is
broken or shorted, V(Pin 1) will increase ét.decrease_
and cause an output at IC1. ,Simil_ar;y, if an attempted

interception is made by pieréing,.- sem_icohductive fibres



resistance will result, - causing ICl to change state. For exanple if Ra -

Ro = Re, the: |least change of resistance wll occur if a short
gitcuit Fs nade between points Gand Hin Figure 7. The new resi stance
betweermpoints E and F will be:- [ERR] Therefore J[err] = [err] Therefore,

the el stance change between points E and F will be fromRc to 2/3 Rc and
this change can easily be detected. Thus the enclosure is protected both
frompiercing and fromtearing. A-signif'&?nt advant-age to the enclosure
descri bed above with reference to the drawing is that connections 17 to
the two sem conductive layers and the matri x can be nade anywhere on these
el ements. It is possible therefore, that for any one encl osure design there
will be a numyan 10fhdcafbind! £28h Ynd CSbMfLbABUEEEVE! Yager ) Nbol ithe

i npossi bl e for a wou Interceptor to predict where the term nations
have been nadethbi)i Cédhying WOWKbPE AU BEtwEsnh 0 RACCARA CRBNGANA NDr e

of these enclosures in advance to practice the
thus changing the resistance between points E and F in
Figure 7. Provided Ra and Rb are not significantly
larger than Rc a substantial 'changg to the 1loop
resistance will result, céusing ICl1 to change state.
For example if Ra = Rb = Rc, the 1least change of
\_ . resistance will occur if 5.,short circuit is médé

between points G and H in Figure 7. The new resistance .

between points E and F wili be:-

A = 1 0+  __1
Rgp Re- Ra + Rb
= 1+ _1_
Re 2Rc
= _3

2Rc

Therefore Rgr = 2RC
. . 3

Therefoie, the resistance change between points E and F
- will be from Rc to 2/3 Rc and this change can easi1y be

deteéted.

Thus the enclosure is protected both from piercing and.

from tearing.

A significant advantage to -the eﬁclosure described

above with reference to the_draﬁing is that connections



techni que of interception, -and any randomess in the design would prove
very frustrating. Termnation to the security enclosure can be achieved by
a nunber of neans; one exanple of a connection strip being shown in Figures »
8 and 9. A strip of thin insulating film19 coated with |nsulat|Q9
adhesive is cut in the shape shown. Two semniconductive tracks 20 are=f
printed on to the filmand the two flaps 21 fol ded and sealed to insulate
portions of the tracks. At the stage iu¥ the formation of the enclosure
that |ayers are being |am nated (see Fi.gures 5a,5b and 5c) this film19 is

pl aced at an edge and term nated on to the matri x using conductive

adhesi ve. Wien ‘the enclosure is folded and sealed the
seni conduct £9e ther &0 semicorduativel lgyeraprnd theomatxrinncani e  the
two sem condugtive layers 17 and the inner end is 18 term nated

on to the™aAgn 'W’ﬂ’@recl Ry tthese alemeRt®syur eIt AisgupossiPpleshons
the positi t he ction stri he enclosyre. . Termnation is
to the fi rsgp‘§€ﬁf%'ﬁdu5§’1°&e I°§yeﬂ§yat°'b£|?ﬁc LOSYZL ¢ %séﬂﬁoﬁae§€m uctive
[ayer at pobgt § n%%etro. ot}_e Srg;&ﬁéaéxogg' tfs é‘er@fgaMon posit:mns,

' making it impossible ior a would-be interceptor to

predict where the terminations have been made.

Typically, a would-be interceptor would acquire one or \J
more of these enclosures. in_- advance to pr’:actice' the
technique of interception, and any randomness in the

design would prove very fr_'ustrating._

Termmatmn to the security enclosure can be actueved
by a numher of means, one example of a connection strip
being shown in Figures 8 and 9. A strip of thin
insulating film 19 coated with insulating adhesive is
cut in..!:h'e shape shown. Two_semicbnductive tracks 20
_are printed on to the film and the two flaps 21 folded
and sealed -to insulate portions of  the tracks. At the
stage in the formation of the enclosure that layers are-
being laminaﬁed (see Figures 5a,5b and Sc) this film 19
is placed at an edge and terminated.'on to the matrix
using. conductive .adhesive. When the enclosure is
folded and sealed the semiconductive tracks 20
automatically make connection. with . the  two

‘semiconductive layers 17 and the inner end is



The only nodification required to the enclosure is that a small portion of
the thi-rd insulating |ayer 16, between the second sem conductive |ayer 17
and the matrix 18, is cut back and folded to seal with the connection strip
19 as shown at point Nin Figure 10.. In order to add further 'randomess to
the desi gn, the positions of the flaps 21 on the connection strip 19 may be
exchanged so as to change the relevant positions of Ra and Rb in the

el éctrical circuit. At this stage the deviée has been shown to be an open
ended security enclosure with a neans of rmnating the electrical

el ements of the enclosure to a nmonitor circuit. In the sinplest use of
the security envelope, for exanple to carry security sensitive papers or

magnetic nedi g, cFer ﬂf‘atééenﬁ tggbe. t‘tﬁé“cuh% it A MY 2C8rc akgié Eh%errraﬂ.)% The

encl osure besi nonitor circuit and the open “end se

flap C (see Fighdfomedel S fPLgRFeOVAD 2Nghows! ¢ned %&’i@?oﬂm‘c@ﬁ“' the

strength to the edge joint. Diuring this operation the circuit has been

nai nt ai ned in ddn@PEiSsUsEripydns the ehelosure.f roretkenatioh s to
the first semiconductive layer at point J, to the
second semiconductive layer at point K, and to the

matrix at points L and M.

W, _ The only modification-requireﬁ'to the enclosure is that
a small portien of the third fhsulating layer 186,
between the: second eemieohductive layer 17 and the
matrix 18, is cut back and folded to seal with the

connection strip 19 as shown at point N in Figure 10.

In order to add further randomness to the design, the
| positions of the flaps 21 on the connection trip 19
-@ay be exchanged so as to change the relevant positions

of Ra and Rb in'the electrical cireuit.

At this stage the device has been shown to be an open
ended security enclosure with a means of ‘terminating
the electrical elements of the encioure to a monitor

circuit.

In the simplest use of the security envelope, for
example to carry security.seneitive‘papers Or-megnetic

media, the items ¢to be .secuteds-atef placed in the



switching the nonitor "ON' and conpl etion of the sealing operation, there
has not been any disturbance to the electrical circuit. After a tinme”
period or when the enclosure reaches it's final destination and is to be
opened, it is of course essential to verify that the enclosure integrity
has been maintained since it was sealed. This nay be done in several ¥ays;
an elapsed tinme indicator may be fitted to the output of the nonitor which
woul d start running fromthe tine an ini@rception was detected. This of
course would also start at the tinme the enclosure was finally opened but
"~ imredi ately checking the indicator would verify any interception during
transit. An alarmof course may be fitted to activate as soon as an

i ntercepti okntosileeChbeside Bheh mélf@eScivehit add Cehé. opedh @ngnon

destructive way, t hat the enclosure has been intercepted. In
addition a desledtthermd BlIyn neyhée flapneri@yed Fidifre 53y ilst £61aed
circuit. This wll take the form of. an erasure device which wll

activate eitdwer afdesealefiorto dprayi@e amiechanilcali rserergith edicpi £hé t o
renove the contents, or imediately. In the latter case it is
: edge joint. ' '

During this operétion the circuit has been maintained

in the enclosure layers and therefore from the point of
switching the monitor “ON* and Icompletion of the o
sealing '_operati.on, there has not ’been any disturbarice-

to the electrical circuit. After a time period or when'

the enclosure reaches it's final destination.and is to

be opened, it.is-of céurse—essential.to verify that the
enciosure-- integrity has been maintained Sinée it was
sealed. This maf be done iﬁ several ways; an elapsed

time indicétor may be fitted :to the output of tﬁe
monitor which would start running from the time an
intercepgion was detectéd. This of course would also <
start at the time the enclosure was finally opened but
immediately checking the indicator would verify any
intefce?tion during transit. An alarm of course may be
fitted to activate as soon as an interéeption was
detected. Both methods will indicate, in a non
destructive way,. ‘that the .enclosure " has been

intercepted.

In addition a_destructive.glarﬁ may be connected to the



necessary to switch "OFF* the detector fromthe outside of the enclosure
prior to openi ng. Connection through the wall of the enclosure is also
necessary. when the device to be secured has to be sinultaneously connected
to anether system Non contact connection rmay be nmade using an

i nductdve coupler device. One half being nounted on the inner surface of
the encl osure, the other brought close to this position on the other side.
The detector circuit can therefore be "questioned" about the tinme period
bet ween sealing and the present. Oten RBOwever, it is preferred to
make direct connection to the contents of the enclosure. Very low profile
connectors exi st which have plastic one piece bodies, such as Mlex
(trade -mark)_ 70430 Series, Connectors. _This type of connector 22 can be
bonded into theteet@rof CLESUdKe| osThaBy WAddt &8KEr obhe nforms Oft e@nity.

Figure 11 shows the psition, of connector after bonding. The
matrix |ayer e_LBaﬁ‘ér%onGGQ’-BFr erS?-?ht owlﬂi Acfekvake ( p1 ctdfted qany

at t enpt 21 to prise _open th | ayers at,this.point will activate the
monitor circ ??Q deﬁ@ﬁﬁgp P8P e }pﬁﬁn&?ﬂerec1p1enteko remove
' the contents, or immediately. 1In the~latter case it is
necessary to'switéh *OFF" the detector from the outside

of the enclosure prior'td opening.

N Connection thrbugh the'ﬁall'of.th enclosure 'is also
necessary when the device to be secured has to be
simultaneously connected to another systemn. Non
contact connection may be made using an inductive
coupler device. One half being mounted on the inner
-sdt£a¢e of the.enclosuie. the other brought close to

_this position on the other side. The detector circuit
can therefoie be 'questiongﬂ"labOut_ the time period

between sealing and the present.

oftemg however, it is preferred to make direct
connection to the contents of the enclosure. Very low
profile connectors exist which have plastic one piece
bodies, such as Molex (trade mark) 70430 Series
Connectors. This type of connector 22 can be bonded
“into the edge of the enclosure without compromising its
integritj. 'Figure 11 shows the position of the
connector after bonding. - The'hatrii'layer 18 is bonded

directly to the sides of tgé connectd; and any attempt



connector body material is honbgeneous and made froma simlar material as

t he enclosure insulating |ayers.

Typically, connectors 22 suitable for-this

@pplication are less than 2.5nmthick and are nanufactured from pol yester.
The contacts in.the connector. 22 are termnated to the encl osed item using
| ow profile polyester ribbon cable 24 such as GORE (trade mark) PSE
:Dependi ng on the exact application some of the contacts may be used to

interrogate the detector circuit; to switch it "ON' for exanple or to find
hi storical information held on the nen®d, such as the nunber and tine of
attenpted interceptions. It is not advised that it be designed to switch
"OFF" the detector circuit, even with the use of a conplex code, since this
woul d reducg . the.integrity,of t ncl Qgur he  at her_count act.s. f course,
are conne’ctga g’lrrlgcﬁ |§f‘{% t‘%@e?&% n% cﬁ’%gi _thDIJ&‘ dwbg' nga%"e’"c‘(ﬁ to

al | ow operagiQn Ci LGU d.s4l N this t o. Leati he urity
encl osure ?é#gprg@g% |n5 tﬁg%khﬁg?natigﬁ hé$§ iépﬁﬁgééﬁgctggﬁ%c nNemnory

circuits.

t he

-22

ca®l e.

TBEnRbEEYr! By td¥ &k £51 ofs "RhEgbREbUS® fH Shads leidm Wer eby

similar material as the enclosure insulating layers.
Typically, connectors 22 suifable for this application
are‘ less than 2.5mm thick and are ‘manufactured from

polyester.

'_The contacts in the'connectot 22 are terminéted to the |

enclosed item using low pquile'polyester ribbon cable
-24 such as GORE‘(trade mark) PSE cable. Depending on
the exact application some of the contacts may be used
to'intertogate the detector circuit; to switch it -oﬁ-
for example or to £ind historicai information held on

the memory, such as the number and time of attempted

~ interceptions. It is not advised that it be designed

to switch "OFF" the detector circuit, even with the use

of a complex code, since this would reduce the

integrity of the enclosure.

The other contacts, of course, are connected directly

to the electronic circuit board being secured to allow

'opetation of that circuit. In‘this.tfpe of application

- the security enclosure is protecting the information

held in the electronic memory circuits.- “The circuit

being protected wduld include an-etésé-line whereby the



fchange of voltage on that line, fromO Volts to 5 Volts for exanple would
erase all protected information. This change of voltage is initiated by the
enc¢l osure nonitor circuit. Some applications require two conpartnments such
that {he monitor circuit is physically separated fromthe itemto be
secureéd. In this case a line of adhesive is apaqeuito the i nner surface of
the enclosure and is sealed to nake an enclosure with an opening at both
ends. In this way, one authority could seal and activate the nonitor

SLLEELT at 23|dt ot ?‘; gt 3’?’?#8% & & %ﬁto; sl e & s 5 fjm & Yoisen,
Lo form encl osur eqcd! HauRYEAG AR WY Sirtitedttld Neirodd SN mie
ctive e

matri ces of semn - condu i nes used™as require particular,

the lines may be @hra%@@e%f Rty '1)é rﬁhhtqraﬂéaaw% %Hc\/io%'ixfé‘

i | lustrated enbodi ment”. I's also anticipated that the two parts escrlbed
could be used as @1HdﬁitLIeX|ble and electrically sensitive filmto cover a
hole in an otherw se solid enclosure, for exanple to cover an energency
control on an apparatus so that warning of the control cover being broken
could be signaled to a renote | ocation. _ '

_ Some applications require two compartments such that the
monitor circuit is physically separated from the item to
be secured. In this case a line of adhesive is applied to
the inner surface of the enclosure and is sealed to make
an enclosure with an opening at both ends. In this way,
one authority could seal and activate the monitor circuit,

~ and another could eeal the item to be protected.

It will be appreciated'that a similar principle to that
deecribed above could be used to form enclosures of any
required shape and size. Further, different marrices of
semi—conductive-lines:may be used as required. In
particular, the lines may be arranged irregularly.rather

~— - than regularly as in the illustrated embodiment.

It is also anticipated that the two parts described could:
be used as a flat flexible ana electrically sensitive film
r.to cover a hele in an otherwise solid enclosure, for
example to cover an emergency control on an apparatus so
that warning. of the control cover being broken could be

signaled to a remote location._”_'



CLAI M5 1. A security enclosure conprising a flexibl'e sheet of an

I nsulating materi al extending over the whole of the area. of the : :
enclosure and carrying a flexible linear electrically responsive el ement
arranged on b “ n"[m“"sheet in a configuration so dividing the: s,
surfaces Emlm“ mlm enpted opening of t he encl osure changﬁs
an electrical ¢haf act eri st’i c*of ‘the el enent, the change being detectable
by an electrical circuit, "the Ilnear'.electrically responsi ve el ement
conprising an array of Iihés on each srﬂayof the sheet of insulating

mat eri al extendi ng between spaced points around the edge of the sheet,

said points on one side of the sheet being in register with the p0|nts on
the other side, and the lines on one_side of the sheet extending obliquely
relative to the lines on the other siHAIM&hd being interconnected
thereto at the registering points so as to forma SIngIe conductor
dividing the sheet into a matrix of relatively small areas.

e of thelehoch FePRERFS: Hheidhusd SrShpigidd K Elek i ¢ ”%‘%”mﬁifﬁby
the sheet 'Eﬂ*é%dﬁﬁsuféiiﬁgﬁﬁéﬁérPéldbﬁﬂBHﬁiﬁB@B@@fﬂfﬁQ'whole of

~the area of'.ghe enclosure' and carrying a flexible

linear electricaily responsive element arrangéd on both
-sides of the sheet in a éonfiguration so;dividing the
surfaces the;éﬁf that attemﬁtgp. opening of the
enclosure changes an eie¢trica1 cha'racterhist_ic qf the
element,.the change-being detectable by an électrical
circuit, the 1linear electrically responsi#e element
comprising an a:;ay'of lines on gach side of the sheet
of insulatiﬂg material extending beﬁween spaced points
around the edge.bf the sheet, said points on one side
of the sheet being in registér with the points on the:
'otl}er side, and the 1lines on one side of the sheet
extending obliquely relative to the lines on-the other '\
side an@ being interconnected 'thereto at the
:egistering_'points so as to form a single conductor
diiriding the sheet into a matrix of relatively small
areas. | |

2. A .security enclosure according to claim 1, in
‘which the lines on each side of the sheet of insulating
material are parallel to eacﬁ othé( whereby the sheet

is divided into a matrix of. diamond shaped areas.



3. A security enclosure-according to claiml or claim2, in which the

| i nes on opposite sides of the shee insulating material are '
i.nt eérconnected at each pair of registering points conductive adhesive

y
extendi-ng through a hol e forned throj“’" "ﬂ the registering
poi nt sS4, A security enclosure accd cm "' m””me of the preceding

claitns, in which the lines of the linear el bctti ctal I*y responsive el ement

are formed by a sem - conductive material. 5. A security enclosure
according to claim4, in which the |inear E—l ectrically responsive el enent
Is printed on the sheet of insulating mat e12'1 al using.a sem -conductive ink.

6. © A security enclosure according to claim5, in which the ink
contains carbon to provide it with its sem -conductive properties.

7. A
security enclogur ea%cggé‘q;?%it%ﬁxé‘fgsﬂ‘g ?%gh@%i@ﬁeg:ﬁd;%ﬂ 8 NGy E?a‘é@i ch

the sheet of insul et I'S™prov _ of " an” opa
material whichy coygr gulillh leneedi se‘-‘&ri'6%6!1&&5B@Béhvﬁfehﬁgegheet of-
security enclosure according to claim 7 en .
insulating material are interconnected at each pair of
registering points by a conductive adhesive extending.
through a hole formed throug.h-' the sheet and the

registering points.

~ 4. A security enclosure acc_or_ding to any one of the
preceding claims, in which the' lines -of ﬁhe linear
électrically res'pbnsi#e element are formed by a semi-
conductive material. |
5. A security enclosure according to claim 4, in
which the linear electrically | responsive element is
printed on .t.he sheet of -insul_ating material using a
semi-conductive ink.

6. A security enclosure according to claim 5, in
which the ink contains carbon to provide it with its

semi-conductive properties.

7. A security enclosure according to any one of the
preceding claims, in which the sheet of insulating
material is'_provided' with a 'E'layer'- of an opaque material

which covers the linear elect_ruica]:ly r_e_sporisive element.

~

A



dependent on claim5 or claim 6, in which the opaque layer is formed by
overprinting the sheet of insulating material with a non-conductive ink

whi ch is_the sane colour as the sem -conductive ink form ng the |inear T
el ect riia\llv*resp@ns\iv';elérrent. 9. A security encl osure according +o0 any
one of ;{ eding C , in which the sheet of insulating materiabis

f ol ded m/ m i-its edges to formthe enclosure. 10. A
securlty ene ml ng to any one of the preceding clains, including
a nonitor circuit" héuse

within the enc ure and connected to the Iinear
electrically responsive elenment for roduci ng an el ectrical output

‘when the electrical characteristic of the el ement changes on opening of the
enclosure. 11. A security enclosure according to any one of clains

1to 8 furgher SOBUwR1MYy ! Whdldhildd CacRbzhing €6CRIdLR! 17 »ﬂf&?“sive

fibrous material separated by a |ayer o bl e i nsu i ng materi al

the layers gapendéns o' claemmm! a:arcﬂeam 6 e 18NGIIH Cthang engt h

of the fibres of the fibrous material being greater than tﬁ;egaﬁleLlckness

of the '|aysyerois formedl dy Ryerrnting xlidagéheeer angn%fultah;fir@1CI osure
material with a non-conductive ink which is the same
colour as. the semi-conductive ink _formieg the 1linear
electrically responsive element.

| o/

9. A security enclosure according to any one of the :

p'reced'ing' claims, in which the sheet of insulating

material is folded and bonded together at its edges to

form the enclosure.

10. A security enclosure accordihg to any one of the
preceding claims, including a monitor circuit housed
within the enclosure and connected to the 1linear
electncally responsive element for producing an
electncal output when the electrical charactenstxc of o/

the element changes on opening of the enclosure.

11. A security enclosure according to any one of
claims 1 to 8, further comprising two flexible 1layers
o.f electrically responsive fibrous material separated
by a layer of a flexible insulating material, the
layers extending over the whole area of the enclosure,
and the length of the fibres of the fibrous material

'~ being greater 'than the -thickness of the 1layer of



forces fibres fromone of -said |ayers of fibrous material to penetrate'the
| ayer -of insuliating material and contact the other of

said | ayers of
fi brous naterial to change an el ectrical characteristrt‘ﬁf‘§5TH”T5§EFgf*~of

fibrous —~material, sai d change  being detectable b ﬂwnmﬁ““\
circuitw 12, A security enclosure according to claim m“m\ e

Iayérs of electrically responsive fibrous material are tayerd of

sem -conductive fibres and the conbi ned resi stance of the | ayers changes on
piercing. 13. A security enclosure accor dLng&s@o—cl aim1ll or claim 12, in
whi ch the | ayers of electrically responsive fibrous material are.
arranged over the flexible sheet of insulating material carrying the
| i near electrically responsi ve el enent and are separated
therefrom by aihsulatingl maheriafl s9 ekhbte piremdixig ngfndthe | ehclogura
security enclosure according to claim13, in which the |ayers of
electrically refpoaesvefibeesusframerpne, ofic sajdrslaver8suphiti figbrous
material, and the flexible sheet . carryin I heay electrically

responsi ve el enBAterialpsRddenesFate the lig.erA%Ee%‘b'!f‘H?/n%cFBEﬁFéal
according to ngan]c%%ta%% the other of said layers of fibrous

material to change an electiical characteristic of saié

layers of fibrous material, said change -being

detectable by an electrical circuit.

12. A security enclosure according to claim 11, in

which the 1layers of electricaily responsive fibrous
material are layers of semi-conductive fibres and the

combined resistance of the layers changes on piercing.

13. A secﬁrity_ enclosure according to claim 11 or
claim 12, in which the  layers of electrically
responsive fibrous material are arranged over the
\\2 . ' fiexible- sﬁeet of insulating méterial carrying the
linear electrically responsive element and are
separated. therefrbm by a further layer - of flexible

insulating material.

14, A security encloéure according to ‘claim 13, in
which the layers of electrically responsive _fibrous
material, the layers of insﬁlating material, and the
flexible sheet carrying léhe' - linear eiectrically

responsive element are bonded togethei.



claim14, in which the layers together with the sheet carrying the linear

R kel

el ectrically responsive elenent are fol ded and bonded at the edges to «{form

t he encl osure.

to 15, includimg—amonitor circuit housed w thin the enclosure and

cohnected to th ' gical ly responsive elenent and to the Iayérs
df electricall )m" Hﬂﬁ“lﬂ I‘[ [“ous material for producing an electrical -
out put - when the+el ectrical <characteristic of the elenent or |ayers of

fibrous material changes on opening of encl osure. 17. A security,

encl osure according to claim116, in whi the nmonitor circuit is connected
to the linear electrically responsive elenment and to the |layers of fibrous

16. A-security enclosure according to any one of clains 11°

a——

material through a connector strip which is i ncor por at ed into the enclosure
on closing amd Whi Clyetriitss enclodutle VaccokBdblkS tof ¥Id1W 14 heor

required connections. -18. A security enclosure according to claim. 16

or claim 17claimhig) e witich othei Nayers stogethredwi th dehectseagthange in

el ectri cal

resi stance. of the linear electrically responsive el enent

change in carryingpnilieclinesrsedrctritallly Iresponsdivecledementaldne

folded and bonded at the edges to form the enclosure.

16. A security enclosure according to any one of

claims 11 to 15, including a monitor circuit housed

within the enclosure and connected to the 1linear
electrically responsive element and to the 'layer.s of
electrically responsive fibrous material for producing
an eleétrical oufput when £he electrical characte:iétic
of the element or layers ;f fibrous material changes on

opening of the enclosure.

17. A security enclosure according to claim 16, in |

which the monitor circuit is connected to the linear

electrically responsive element and to the layers of
fibrous _material through a connector strip which is
incorporated into the enclosure on closing and which
carries conductive tracks forming the required

connections.

18. A security enclosure_ according to claim 16 or
claim 17, in which the monitor circuit is arranged to
detect a change. in electricaiirésiétance of the linear

electrically responsive element or _a change in the

or

a

-



responsive fibrous material. 19. A flexible sheet of an insulating material
for use-in‘forming a sécurity enclosure, the sheet-carrying a flexible

ldi near © electrically responsive el enent arranged on both sides of the
sheet ,in.a configuration so dividing the surfaces thereof that,  in

heriacteri ot e of he e, the chanoebeng ol TANUNAMENGI <

el ectrical circuit, the linear electrically responsi*ve el éneht Torpri si ng
an array of lines of conductive or seni-quﬂpq;ive'naterial on each side of
t he sheet extendi ng between spaced points ‘&round the edge of the sheet,
said points on one side of the sheet being in register with the points on
the other side, and the lines on one side of the sheet extending obliquely
rel ative to theonbigredn td¥istidifide Si6e tR8U laherBY of NEISA RS ELy
thereto at the registering points: so as to torma single conductor

di vidi ng the shesponsiven fildrdus efatredidl.vely smal| areas. 20. A flexible
| am nate for use in formng a security enclosure, the lam nate conprising a
flexi ble sheet according to claim 19, tw flexible layers of

19. A flexible sheet of an;insulating material for use
in forming a secutity enclosure, the sheet carrying a
flexible linear electrically“ responsive element
- arranged on both:sides of the sheet in a configuration
- .80 dividing the surfaces.-theneof that, in use,
attempted opening_ of _.the enclosure changes an

électrical characteristic of the element, the change

.being -detectable bj an -ele'ctrical -circuit, the linear

'electridally tesponsive element comprising_an array of
lines 6f conductive or semi-conductive material on each

side of the sheet extending between spaced points

around thé.edge of the sheet, said points on one side

of the sheet being in register with thg points on the

\\) | other side, and the lines on one side of the sheet
| extending obliquely relative to the lines on the other
side. and Dbeing interconnected . thereto at the

registéring .points so as to form a single conductor

dividing the sheet into a nwtrix of relatively small

- areas.

20. A flexible laminate for use'in{forming-a.security
enclosure, the laminate comirising- a flexible sheet

"according to claim 19, two 'flexible layers of



electrically responsive fibrous material separated by a |layer of a flexible ‘
I nsulating matérial’, the length of the fibres of the fibrous material ‘bei ng

greater than the thickness of—the layer of insulating material so that ' -

pigrcing of the lamnate forces fibres fromone of said | ayers of fibrous
material to ﬂm mmj“u)mm er of insulating material and contact the#

ot her of sai q A rous material to change an electrical
characteristid o t'hen ayers of fibrous ferial, said change being
detectable by an electric circuit, and- a&?brther | ayer - of a flexible
insulating material separating the sheet carrying the linear electrically
responsive element froma [ower of the two |layers of fibrous material. 21.
A flexible |lam nate according to claim?20, further conprising top and

bottom | ay@dectsicallyr |xespersive uf tbrous nueterial s sepecated pbyover the
upper layer _of fibrous materjal apd under the sheet_carrying the |linear -

‘el ectrical | y2¥8Fp R Be theXidthe Insulating;mpteripl natheadenstPfio claim
21, in whi t I f 't | |1, [ i vel

from the t ofheb EiRFe, BEmung of Sosafy Raredins batha dfesteroshan, to
claim 22, h@ﬁien

%hickness of .thellay'er of insulating material so
that piercing of the laminate _folrces_'_fibres from one of
said@ layers of fibrous material to penetrate the layer
of insulating material and éontact_ the other of said
- layers of fibrous material to ’change an. electrical - \J
characteristic of the layers'-'of fibrous material, said
change being détectéble by an eléét_ric Circuit, .and a
further. layer of a: flexible insulating material
separating th_e sheet carrying the linear electrically
responsive element frqm a lower_of. the two 1layers of

fibrous material.

21. A flexible laminate according to claim 20, further
compr_ising top and Dbottom -layers of a flexible \/
insulating material respectively over the upper Iayer'
of fibrous material and under t_:he sheet carrying the

linear electrically responsive element.
22. A flexible laminate according to claim 21, in
which the sizes of the layers . generally  increase

successively from the top te the bottom layer.

23. A fiexible_ lamixiate according to Qlaim 22, having



a centre line about which-‘the am nate can be folded to forman encl osure
by bondi'ng-together the registering edges of the folded | am nate. 24. A
ffexible laminate according to claim23, in which the edges of the bottom
Iayer of “flexible insulating material on one side of thée centre time are
extendéd#to formflaps for folding over and covering-the

t helencl ¢ gsure when eventually formed. 25.. A flexible | an“'ﬂlgmcnﬂﬁﬂﬂrﬁw
claim23 or claim24, in which the | ayer of flexible i nsut atd ng matesi a

i medi ately . above the sheet carrying. 32 i near electrically
responsi ve el enment has its edges on one si of the centre |ine extended
sufficiently to cover the corresponding edges of the sheet carrying
the linear electrically responsive elenent. so that the edges of the sheet
carrying the |aneenteéelinecaboyt rehpohsithe damimatenrcar rsel fivddelir ¢ each
ot her “when the lam nate is folded and bonded to form an encl osure. 26. A
flexible shefdrm acoenchgsureéoby cbandlnglg:,ogaﬁhararthal Irpgastéeimgl bed

W th reference to Figures 1 to 4 of the acconpanying draw ngs. - 31-
edges of the folded 1am1nate.

24. A flexible laminate according to claim 23, in
which_ the edges of the bottom  1layer of flexible
insulating material on one side of the centre line are
extende& to form flaps fdr folding over and covering
the joined edges of the enclosure when eventually

formed.

25. A flexible laminate according to claim 23 or claim
24, in which the.iaYer of flexible insulating material
immediately above the sheet carrying the linear
electrically responsive element has its edges on' one
side of the centre line extended sufficiently to cover
\‘/ " the _correSponding edges of the sheet carrying the
linear electrically responsive element so that the
edgee-'of_ the sheet carrying the linear electricallj
responsive element are insulated from each other when

the'laminate is folded and bonded to form an enclosure.

26. A flexible sheet according to claim 19,
substantially as described with reference to Figures 1

to 4 of the accompanying draw{hgsi :



27. A flexible | am nate accordlng to claim20, substantially as described

with reference toFigures-5a—5h and 5¢c of the acconpanying draw ngs. *28. A’
"security encl osu m a fl exible sheet- according to claim-26. 29" -«
A securlty enclokﬂﬂ mf ﬁi, ’a flexible | am nate accordlng to C|§:?127

. -3 - '

.

27. A flexible laminate according to claim 20,
substantially as described with reference to Figures 5a,

5b and 5c¢c of the accompanying d:awihgs;

~28. A security enclosure formed from a flexible sheet

according to claim 26.

29 A secﬁrity éncloSure formed ffom a flexible laminate

according to claim 27. _ | _ \~)




