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(54) Electromagnetlc shielding-panel

(57) A translucent electromagnetic shielding panel
(1) for attenuating electromagnetic radiation typically

in the frequency range 20 MHz to 10,000.MHz

comprises a pane of glass carrying a coating a silver
layer having a thickness of 15-50nm and a protective
layer over the silver, with electrical connection means
in electrical contact with the silver layer all around the -
periphery of the coating. in-one embodiment of the
invention, as illustrated in Fig 1, the ‘panel comprises

a laminate of two panes of glass (2)(9) one of which
includes an electroconductive coating (3) and
sandwiched between the two sheets of glass’is a
plastics interlayer into which is embedded four strips

of fine electroconductive mesh only illustrated which-

lie along the edge of the laminate (8) and which are in
elactrical contact with-the coating (3). In another.
embodiment of the invention, as illustrated in Fig. 2,
the coated glass includes peripheral bus bars (11)
which are in electrical contact with the coating (3).

The mesh (4, 5, 6, 7) and bus bars (11) are arranged
to make electrical contact with a metal frame (10) ES
which may be earthed (12)." Alternatively, as
illustrated in Fig. 3, no direct mechanical contact is
made between the frame (10) and the coating (3) and
a capacitive coupling (cc) suffices.
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ELECTROMAGNETIC SHIELDING PANEL

The inyentionrre1ates to electromagnetic shielding panels and,

in partitular, to,trah51uceht electromagnetic shielding panels

_commpr1s1ng a pane of coated glass or plastics.

Glass and transparent plast1cs are translucent to short wave
electromagnetic radiation, i.e. radjatlon'hav1ng a frequency in the
range 20 to 10000 MHz, so that stray emissions from electronic data
processing eduipment can eétape through windows and be detected
ouﬁsidé. Suéh escape prejudices the security of the informationr

being processed. Moreover, entry of extraneous electromagnetic- -

'signa1s, such as radar signa1s, through the windows of rooms housing

e1ectronicrdata processing equipment can effect the proper Operation

of the equipment.

It is known that the transmission of short wave electromagnetic
radiatfonrthrough'windows can be,prevented or ét least reduced by
providingrthe windpﬁ‘with a continuous e1ectrocqnductive layer and
earthing»thé layer all around the periphery of the window to provide
an e1ec£romagnetic 5hie1ding window. |

A number of glas§ products incorporating electroconductive
layers have been offered for‘use in e]ectromagnefic shielding --

windows. One such product is g]ass carrying an indium tin oxide

: coat1ng hav1ng a sheet resistance in the range 4 to 6 ohms per square.

Such coat1ngs may be depos1ted by react1ve sputtering but, in order



to obtain the high conducti&ity (Tow resistance) required,ait is
necessary to:heat the glassrsubstrate. Suitable apparatus for
coating large areas of glass is-expensive;-the coatings are therefore
generally deposited in relatively small areas and are expensive to
apply. - , |

Anofhér,known product is laminated glass incorporating a layer
of fine meta]rmesh in a piastics interlayer between two panes of
glass. - Unfbftuﬁate1y; the mesh not only reduces the 1light
transmission through the']aminate but also obscures the view.
Moreover, beéause the fine metal mesh is expensive, laminates
incorporating the mesh are expensive to produce.

It has also been proposed to apply a polyester film carrying a
sputtered coating of a metal or metal alloy such as titanium,
stainless SteE1,rbronze; sterling si]ver or 24 cérat gold to glass
with the cdated face of the film towards the glass to provide an
e1ectromagnetic shield. Unfortunately, it is difficult to make
e1ectri§a1 contact with the cbating on the film without damaging the
film, so that there are problems in earthing the coating.

There is a need for a high performance translucent electro-
magnetic shigidihg panel which can be produced economically with good
optical bropérties.', : |

A;cording to the present invention tﬁere is provided a
translucent electromagnetic shielding panel comprising a pane of
glass carrying a coating comprising a silver layer having a thickness
in the fange715 nm to 507nm'andra protective layer over the silver,
with electrical connection meané in electrical contact with the

silver layer all around the periphery_of,the coating.
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The use of the silver coated glass referred to herein as a 1ight
trans1hcent shieldVagaihst'e1ectromagnetic radiation having a
frequency in the'range 20 to 10000 MHz is novel and forms part of the
'present'invehtfon. - - ' |

The'use of e si1ver_1eyer having a thickness of at least 15 nm
enables a coating with a sheet resietance of less than 5 ohms per
| square to be achieved. Preferred coatings have a silver 1ayer'at
-1east722}5 nmrthick to provide even lower sheet resistance. |
Uhfortunateiy, the thicker the silver layer, the greater the cost of
the coating aﬁd the lower the light transmission of the coatedrg]ass.
Thus the silver Tayef preferably has a thickness of 1essrthanr4b nm.
Especially. preferred coetings have a silver layer having a thickness
in the range 22.5 nm to 30 nm. 7 |

To enhance the light transmission of the coated glass, the
-silver 1ayer'may be sandwiched:between anti-ref]ection layers of
. metal oxide, fhe outek layer also serving to protect the si1ver3
Examples of metal oxide whiehemay be used include titanium oxide, tin
oxide, indium tin oxide, zfne oxide and bismuth oxide. The
anti-reflection layers will generally each have a thickness in the
range,ZO nm to 60 nh.rrItris preferred to use tin oxide for the
anti-reflection 1ayer§ and, for optimum Tight transmission, the tfne
oxide layers will each have a thiekness'in the range 30 nm to 50 nm
depending on the thickness of the silver Tayer. |

The §i1ver coatings referred to above can be deposited by
rmagnetfca11y enhanced sputtering as:described in UK patent GB 2 129
8318. | o
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The silver coatfngs are not very durable and-are preferably
protectéd by incorborating the coated pane in a laminate, or
alternatively, a mu}tip1e'g1§zing uhit; with the coating facing
inwards.. , 7

It will usually be'ﬁécéssary'for the e]ectrica].conhection means
to be a méchanica1 coupling in order to achieve the required
e1ectrica1'connecfion with the coatﬁng. To achieve'superior
reductions:in é]ectromagnetic'radiatidn, through the electromagnetic
shielding panel, a direct hechaﬁica] coub]ingris genefa11y necessary
between aﬁ‘eTectroconductive'surround means in the form of a metal
frame subporting'the glass and the coating. The electrical
connection means in this case may take the form of a fine mesh or bus
bar.'-However, in some cases elctrical connection means in the formr
of a capécitive coupling between the coating and the metal frame
(preferably OVér1apping theréoating) around the periphery of the
coated g]ass;may provide sufficient e1ectrica1 coupling, and a direct
mechanical coup1ing using either the mesh or bus bar technique wi11'
be unnecessary.,.The metal frame may, if required, be electrically
coup]éd to eafth. |

In the circumstances whenra,capécitive coupling is employed, the
attenuation offered,byrthé pane1 to éIectﬁomagnetic radiation may
vary con$iderab1y in'dependehce upon the thickness of the glass
emp]oyed, thé type of metal frame supporting the glass (i.e. thé
degréé of overlap with the'coating), and the fréquency range of

electromagnetic radiation concerned.
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As a general gufde,,however, it is possible to obtain
substantia] attenuation—pf electromagnetic radiation with capac{tive
coupling in the rﬁnge from 200 MHz upwards to 10,000 MHz averaging
betweén 20 to 25dB. These attenuation figﬁres progressive1y,reducerr
at frequencies below 200 MHz. |

~ When éTeétrica1 connection means in mechanical contact with -the
coating is used to prdvide fhérréquired electrical contact with the
‘coating at 1east partly around the periphery of the coating, the-

_e1eCtrica1cdnnection means may be, for example, in the form of bus
bars; the bus bars may Be printed onto the coated g]aés using a
'UV-curabie'e1ectroconductive epoxy ink and the ink cured by exposure
fo ultra-violet 1ight. - The Bus bars may extend around the edges of
the g1ass pané to its opposite face. The high contact resistance
between the bus bars énd the silver layer of the coating (resulting
from the presence of the protective layer over the silver) may be
‘reduced by applying a high voltage between the coating and the bus
bars (as'described, for example, in US patent 4,459,470). In another
- form of the ihventioﬁ, the coated glass is laminated with its coated
face inwardé to protect the coating, and a border of fine electro--
,cbnductive mesh,rfok.example fine wire mesh, is sandwiched between a
plastics interlayer and the coating‘iﬁ electrical contact with the
silver 1ayer afound the whole periphery of the coating.

The invention is i11ustrated butrnot 1imited by the following

, descriptﬁon,of the production of a translucent electromagnetic

shie1dihg panel in accordance with the invention.



A sheet of 3 mm c]ear f1oat glass was coated by a magnetically
enhanced sputter1ng process as described in UK patent GB 2,129,831B.

The g1ass pane was washed and dried and loaded into an Airco ILS
1600 D.C. p1anar magnetron sputter1ng apparatus. Tin oxide (Sn02)
was react1ve1y sputtered on to the glass from- a tin cathode in the
presence of an oxygen atmosphere at 5 x 10-3 torr to give a tin
ox1de Tayer approx1mate1y 35 nm thick. A 1ayer of silver
approx1mate1y 25 nm thick was then sputtered onto the tin oxide from
a s11ver cathode in the presence of an argon atmosphere at 4 x
10-3 torr,,and a1um1n1um,1n an amount equ1va1ent to a layer
approximate1y 2 nm»thick'was_sputtered over the silver from an
a1uminium,cathode in the presence of an argon atmosphere at 4 x
10-3° torr. F1na11y, a 1ayer of tin oxide approximately 38 nm
thick was react1ve1y sputtered over the a1um1n1um from a t1n cathode
in the presence of an oxygen atmosphere at 5 x 10-3 torr.

-The coat1ng produced was ana]ysed by Auger electron
spectroscopy, as descr1bed in UK patent GB 2 129 8318 and the
thickness of the var1ous Tayers est1mated from the resultant spectrum

as fo]lows.

_Lower tin oxide layer , 35 nm

Silver layer N 25 nm -
A1um1n1um oxide layer , -7 nm (equ1va1ent to a layer
. : of aluminium 2 to 3
B , "nm thick)
Outer tin oxide Tayer : 34 nm

The sheet resistance of the.coating was measured by the 4 point probe

method, and the optical properties of the coated glass were measured
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using ]ight'from a CIE ITluminant C Source on the side of the glass

remote from the coating:

Light transmission 52%

Light reflection 33%
Direct solar heat transmission 29%

- Solar heat reflection - 49%

- Solar heat absorption 22%
Total solar heat transmission 33%
Emissivity of coating ' 0.015

Sheet resistance 2.5-3.0 ohms per square

A,pahe 1500'mm x 450 mm was cut from the coated'sheet and laminated
to a 3 mm bahe of clear float glass with an interlayer of po1yviny1--
butyral. étfips of fine electroconductive wire mesh were
incbrporated in the laminate in electrical contact with the coating
~along all four sides of the pane to form a bordér in electrical
contact w1th the coat1ng around the periphery of the coated pane.
"The resu]tant 1am1nate, and its product1on from the coated pane, w111

now be’descr1bedrw1th,reference to the accompanying drawings in which

Figure 1 is a plan view of a trans]uceni electromagnetic
shie]ding panel in accordance with the invention in the form of
a laminate;
Fighre 2 is a section on an.en]arged scale on the line II-II in
Figure 1; | |

- Figure 3 shows a sect1on of a laminate as shown in Figure 1

' mounted in a support1ng frame illustrating d1rect mechanical
contact using fine mesh;

' Figure 4 shows thé same section as Figure 3 illustrating direct

mechanical contact using bus bars; and,
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Figure 5 shows the same section as Figure 4 illustrating

diqgr&mmatica]Iy the capactive coup1ing arrangement.

The'laminaté; generally designated 1, comprises a first pane of
glass 2 carrying the e1e¢troconductive cdating 3. Four strips of |
fine electroconductive mesh, 4,5,6 andr7 Tie a1on§ the edges of the
laminate in e1ecfrica1 contact with the coating 3 and forming a
border arbund the pefiphery of fhe laminate. The strips 4,5,6 and 7
extend beyond'ihe edges of the pane 1>around the whole periphery of
the coated‘pahe,'and overlap slightly at the corners to ensure there
are no gaps between them. |

Thé éTectroconductive mesh is embedded in a plastics
inter1ayér 8 over the,éoated surface ofrthe glass, and tﬁe pléstics
interlayer is, in turn; covered by a pane of uncoated glass 9. The
electroconductive mesh extendsrbeyond the edge of the lTaminate around
the whoTe*peripheryrof the laminate, enabling the coating to be
earthed around'its'periphery; for exampie, by glazing in a |
window frame or support meansrfor the g]aﬁs of electroconductive
metal With the,e1ectroc6nductive'mesh in contact with the metal
around the whoIerperiphery'of the laminate. :

Tofprbduce the laminate, a pane of uncoated 3 mm clear f1oat'
glass was cut to thersamerp1an size as'the coated pane referred to
above,andra,rgctangujar Sheet of 0.76 mm polyvinyTbutyral, also 1500
mm x'450 mm, was laid over the uncoated pane in register with the
pane. Four strips of WRAPSHIELD knitted wire mesh 25 mm wide and 0.4

mm thick were cut to )ength andrlaid along the edges of the pane as
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indicated.in Figure 1, with a small overlap at the corners. The
strips were laid so as to overlap the uncoated glass pane by 10 mm
and extend'15 mm beyond the edges of fhe pane. (The WRAPSHIELD -mesh

used wes a'knitted mesh of tin plated, copper clad steel wire, and

‘had a mesh size of about 1 mm. It is available in commerce from RFI

VShieIding Limited of Braintree, Essex,'EnQTand). A soldering iron

was used to weld the pb1yviny1bu£yra1jto the metal mesh at intervals
around the periphery nf the polyvinylbutyral. The cut pane of coated
3 mm clear float glass, 1500 mm x 450 mm, was then placed over the

polyvinylbutyral and the mesh, in register with the polyvinylbutyrail

and the uncoated glass pane, and the asSemb]y so formed 'pre-nipped’

by passing ft,betﬁeen'a series,of}pairs of opposed press rollers with

~ radiant heaters between'édjacent pairs of rollers. The assembly was

heated to a temperature in the range 120°C to 130 C and pressed under

.a 1oad.pf 560kPa (80 ps1)_ It was then ‘heated in an autoclave at a

temperature of 135°C and a:pressure of 630kPa (90 psi) to form a
laminate with good electrical contact between the metal mesh and the

coating. (To check - the e]ettricaT'contact a similar laminate was

~ produced w1th the str1ps of electroconductive along two oppos1te

7 edges only. The contact resistance between the strips of mesh and

the electroconductive coat1ng was found to be 1 ohm).
The resultant laminate constituted a high performance
trans1ucent electromagnetic shielding panel in accordance with the

invention, with'an attenuation of over 30 decibels throughout the

" -range 20 to 10,000 MHz (when mechaniea11y connected), and an

attenuation of over 40 decibels'in the range 20 to 90 MHz (when
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mechanically connected). The Taminate, in common with the
un1am1nated coated glass, also has extremely benef1c1a1 optical

properties as set out below:

Light transmission , 42%

Light reflection o 42%
Direct solar heat transmission 25%
Solar heat reflection 51%
Solar heat absorption : 24%

Total solar heat transmission 33%

(measufed uﬁihg a CIE ITluminant C Source, with the uncoated surface
of the coated pane towards the source). |

It wi]1rbe’noted that, for both the free standing coéted glass
and thé 1aminated coated glass having a silver layer of thickness 150
nm to Sbornm (pfeferabTy 2257nm to 300 nm) sandwiched between
anti-reflection metaT o*ide layers, the 1ight transmission is greater
than the solar heat transmission. Thus the coated glasses referred -
to herein aferusefu1 not only in electromagnetic shielding panels,
but a]éﬁ‘for high perfdkmanée soTar,cohtro1 glazings.

It will be seen'by reference to Figuré 3 and Figure 4, how the
e]ectricél.connéCtiOn:means is a direct meéhanica] coupling in ihe
form of érfine mesh 4 (as shown in ?igure 3) and a bus bar 11 (as
shown in Figure 4) in e]ectfica] contact with the coating 3. It will
also be seen how fhe mesh 4 and bus bar 11 are in electrical contact
with the Metal frame_lo. This frame may, if required, also be
e1ectricé11y'coup1ed tb earth .as indicated by reference 12. When
using a bus bar as 111ustrated in Figure 4, an electrically |
conductive, f]ex1b1e gasket (compr1s1ng typ1ca11y a fine meta] mesh

or metal loaded rubber) may be sandwiched between the metal frame 10

L

and thérbusrbars 11 to improve the electrical contact with the frame.
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By referring to Figure 5, is will be seen that when either the
mesh 4 or the bus bars 11 are not used, the electrical connection is
constituted by a capacitive coupling means CC inherently present

between the cdating 3 ahd‘the electroconductive surround means 10.

As previqus1y'mentioned,,this capacitive coupling arrangement is

quite sufficient to provide sufficient electrical coupling for the
electromagnetic shielding panel to provide sdbstantia1 attenuation of

e1ectromagneti¢ radiation in the range from 200 MHz upwards to 10,000

' MHi. Attenuation inrthese circumstances is 20db to 25 db.

From Figure»3 and Figure 4, it can also be seen how
electromagnetic radfatioh-source ES follows a transmission path TP

towards;the electromagnetic shielding pane1 1. The panel 1

‘attenuates -the electromagnetic radiation, as has previously been

discussed,rin such a manner that the e1ectromagnetic radiation on the
side of the panel opposite'the'radiation source ES is substantially

reduced.
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A translucent e}e¢tromagnetic shié]ding panel comprising a
pane of g1ass éarrying a-coating comprising a silver layer
having a thickness 1n the range 15 nm to 50 nm and a
protect1ve layer over the s11ver, with electrical connect1on
means in electrical contact with the silver layer all around

the periphery of the coating.

A pane1 as claimed %n;tlaim 1, wherein the coating comprises a

silver Tayer-haVing a thickness between 20 nm to 30 nm.

A panel as c1a{med in claim 1 wherein the coating comprises a

silver ]ayer having a thickness of at least 22.5 nm.

A panel as c1aimedrih claim 1, 2 or 3 wherein the silver layer

is sandwiched between anti-reflection layers of metal oxide.

A panél,as claimed in claim 4 wherein the anti-reflection

layers are of tin oxide.
A pane] as claimed in claim 5 wherein each tin ox1de
ant1-ref1ect1on layer has a thickness in the range 30 nm to 50

nm.

A panel as claimed in any of the preceding claims which is a

3
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10.

11.

12.
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laminated panel with,thé silver coated face of the coated pane

facing inwards, and the electrical connection means is

sandwiched between a p1astics interlayer and the coating and
is in electrical contact with the silver layer around the

whole periphgfyrof the coating.

A panel as claimed in any of claims 1 to 6, wh1ch is a
mu1t1p1e glazing unit with the silver face of the coated pane
facing 1nwards and the e1ectr1ca1 connection means in
electrical contact with the s11ver layer around the whole

per1pheny of the coat1ng.
A'panel,aSVCTaimed in claims 7 or 8, in which the electrical
connection means comprises'bus bars in electrical contact with

the silver layer around the.perfphery of the coating.

A panel as claimed in claim 9; in which the bus bars extend

“around the edgésrof the coated glass pane to its opposite

_face.

A panel as c1aimed'fn'c1aims 7 or 8 in which the electrical

connection means comprises a border of fine electroconductive
mesh in electrical contact with the silver layer around the

periphery of the codting. E

A panel. as claimed in claim 11, wherein the border of
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14.

15.

16.

17.

~electroconductive surround means is coupled to earth and
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.

electro-conductive mesh extends beyond the edges of the coated

paneralong each side of the'coated pane.

A pahe1_és claimed in any of the preceding claims which

comprises additionally an electroconductive surround means for
supporting the pane of g1ass,VWhéréin the electrical
cbnnection means provfdes an electricé11y conductive path
between the silver layer and the e1ectroconductive surround

means for electromagnetic radiation captured by the panel.

A panel as claimed in any of claims 1 to 6 in an
e]ectroconductiVevsurround means in which the electrical
connection means is constituted by capacitive coupling between

the coating and the electroconductive surround means.

The use of a panel as claimed in any of claims 1 to 13 as a
1ight trahsTUceht shield against electromagnetic radiation

having a frequéncy in the range 20 MHz to 10000 MHz.
The use of a panel as claimed in any of claims 1 to 14 as a
Iight translucent shield against electromagnetic radiation

having a frequency in the range 200 MHz to 10000 MHz.

A panel as CIaimed,fn claims 13 or 14 wherein the

ot

wherein'the fnsertidh of said panel in the transmission ﬁath

S
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of electromagnetic radiation'emahatingrfrom an electromagnetic
radiétion'source provideé a éubstantia1 reductidn in the
e]ectrﬁmagnétic radiation presentron the side of the panel
opposite the said radiation source and provides an
eiectricaTTy'conduétive'path to earth for said electromagnetic

radiation.

18. An electromagnetic shielding panel comprisingra pane of glass
carrying a coating comprising a silver layer substantially as

hereinbefore described.

19. An e1ectromagheti¢ shié]ding 1amihate-substantia11y as
hereinbefore described, with reference to, and illustrated in

the accompanying drawings.
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