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Shielding

By Ken Javor
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A Low Tech' Low Cost Method for

Building Shielded Enclosures
A Discussion of al-ow Cost Technique for constructing a Shielded Enclosure

ijt i"g Cotrnon' InexPensive Materials

rhe foi l  to rhe clrvwall  ThP panPl seam'

mar b. seal"d eirhcr ul lh cL'ndLtct ive F\41

12pq, er. 3. 5ho$ n in Figu'e '  I  and 2 belou '
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flashing and ordinary metal tape wlth a
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Siding Celotex Tuff-R siding

noo. gah€niad slE€l

framinS lumber

siding aluminum flashing

t.ertment aluminumtape
(Iternwell koducts Co.
Frosr King repar |ape)

nails (not added inlo tidrl)
plastic cap sidinS nails (rot added inlo toul)
wood screws (if necessry for moun$ns penctrations)

s7.77

$53.99

$1.74
$3.92
s1.39

$25.33

$1.97

20 sheeis

l .5.ol ls

8
20

6 rolls

20 rolls

4'x8x0.5

31 sr 20"x50

l0'2x4
16'2a4
8' 2x4

50'xl4

10 yd. )( 2

$155.40

$8 r.00

s?6.56
$31.56
$2?.80

$151.98

$39.40

$0.37llb.
$3.34rb.718

ste€l wool (#l) $0.9zsch

Total $56 3.70

Figure 9. Shieldroom equipment ground
and groundplane .

which is itself etectrically bonded to the
enclosure at prescribed intervals (viz.
MIL-STD-462 basic 1967 release, para-
graph 4.2-1.2). Howevet, in the case of a
foil room the author questions whether
using the enclosure structure for a safety
ground path is allowable. The effects of a
fault would be better controlled if a fixed

Table 1. Mateials Parts List and Cost

fault current path ofknown curent carrying
capability was designed. To this end, the
penetration shown in Figure 8 on the
outside may be connected to a copper stmp

on the inside which drops down to a
groundplane surface (similar to Figure 9.)
The equipment inside the room itself is
bonded to the groundplane surface.
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fabrication, shield jng, f in jshing, assembly.

Individual processing on contract basis {UL-
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finite element analyses; model simulatjon; and DOE.
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Economics
An enclosure of size 16 ft .L \  I  f t . \ \r  x

8 ft .H nu! be constructed for roughl!
'*$LlQQ in ntaterial and 40 manhour-s of labor.

T\r5 . r , -  .  prrk-d tor  -"-"  
. . f  - - r in "  .nr

purposes. Prices are frorr local retajl
bui lding suppll 'stores as ofJul] '  1991. The
encbsure matcrial cost is broken dowrr as
. tn" r  in Tlhle .  A 4U r . rach., . r .  " . r in r .

32

ls baseal on a t l tr ,^e Dtan arew asscl l l i j l inc a
consrderablv larger room of sirni lar .on
struction techniquc in undc.r t \  o da|s
(author s recol lect ion.)

Enclosure Performance -
Shielding Effectiveness

Actual RF aftenuation data attr ibutable
to thcse techniques is arai lablc. I 'he

photographs in lhis l  iale are of a room
buil t  rr  i th sint i lar .  bui nol as good construc-
tron terhnrqLtes e: dcscibed herein. ' fhis

loom \\ as bui lr  t( ,  prot ide a radjated
cmis-sion iRE ;nrbient 6 dB below the
RE02 l ini t .  . l ih:r lcnrent of this goal rvas
an end ia l tsr i i i  !r ,  SE nteasurentents per
se \\ 'ere nri ldi .  ' f l tu. lhe attenuation values
claimed lrr-t l tr  :  , I) t  ere nol ln accordance
with the i ldL:st : ,  r randards,  NIIL-STD 285
ir ncl \S.\ fia ,i

E- i ie ld.  l r  :  - ' . , , ' - . , ,  rp. . i .on
of radiat.d t i . , : .r i  t ic lcl  intensitv nleasure
l l lents nta(c : :r i j . l !  and just outside the
chamber. l j  :r : I i  ush. the EX4l tesl tearl
pr orjded ei lrr . : . : t i  measudng .^quipntent
much ireri :  : l : i , I  nraessa1-\ for ntaking
RE02 mer.Lr:-r ; : r . r r .  belol  1 GHz. The
mea-sur'el.rr. i : :  - , : : . | t  t ! i th antenna inside
the rorrr l ,  : : .  : : :the rorrr ] r ,  : : . : : :  t  i : ie, \ntennaResealch
Assocr: l i rs : . \ :  1l  ]  ; , i t t ! 'nna- an I i ledronrpr-;: i r t ! 'nna, an I i lectromet-

, - l -  .  . , \  ,1. , t ,dB,L;  26
dB). ancl rt : :  I l l '  i r i r iB spg61111y1 2n',1tr".
\ fr th Ihe II Ir : : ' i i . \  rr , :- :clecror..  With this
Set up. thr  . t : i : i , i r . l I . l t t  noise f loor o!ei
th-. entrf t  i : .  -  :  :r . i  [ : :r .r ie ts dominated bv
the srn: irr ' .r : .  :  t : :e S.\S 1D, th,^ f i rst
elemctt r |  r ]r .  i . : :( : .  i rs is ploper_ Outslde
the f(x)nr. i l i r  I i l ) \  1Lr|t t  na5 1.^n16ra6;a,,rn
thc me:rsLt:-. .r : t . : :  ; . .1 up to aloid possible

-l 'hei, :  r , :  t  i r : :  L.r i t i  ei ls of intet-est in
l ' igurr 1 .  I i rr  : ' ,  rr i , , ,ut l5 kl lz, the roonl
amblent r. ! . :  . , :qhtir  , , ' ,er the l inl i t .  This
anonr: i l r ' . i . , .  ; :er , , :  iu lh - . rp la ined. The
cei l ing , , i  : r 'L . l r ie lded foom \vas onh' two
leer brl l  ,r  :rr  rr,r l ing of the bui lding
c.aloslrq : : :r  . : Icld roon. The cei l ing was
elmoit r ,  r i r . i r  i rrntposed of f luoresa,^nt l ight
panels \ ,  r i t ,  ]J2 11j lng was jn lhe room
dut tn! :r .  : i ( i i r i t ! . , l t tent.

Ir  rhc .\ \ l  .L.r,rarlcast band the results are
nr)sl gri l i l i r ' t lg. ls much aS 75 dB atlerru
atron r i  . ! l ' lcxt at tLlst over 1 \ I I Iz. I t

j  ,  hdr ' ,  (AS-lb i .  an
ele.I:-r. i r l \  shf)n L Ireld probe below about
6{l  \ l f l r t  s,,  rhirt  1)nl\  E f ield attcnuation can
br'al i i l r ] t :al  al thls frequcncy.

h: \ t  F\ l  broadcast band, $,here the
i lntcJr i t  i ippro\tntates a passive quarter
r\ l \1. sl l l l )  and thus has an appreciable
.11c!tr\ .  apeftur-e, the at lenuation iS st i l l
respe.lable. At just orer 100 XilHz, attenLl-
atron rs l lLl  dl l .  At 890 NIHz (cel lular
telephr)n.) anenlrahon is 20 dB. Recal |ne
i|rpI( i t \ '  of the door. The door height
nrust be o\ lpr a quarter wavclength at 100
VP. I  \ \ -  r . r  ,h,k*J,  LJr L .
rr lsonrble to assume thal a better door
,rral \ould greatl l  increasc the altenuaoon
at theie frcquencies.

B-f ield. See Fjgure 11 for nagnetic
rndu.f ion intensit !  data bet\!een 2[J Hz ano
J0 kHz. : \ l though an inside,/outside conr
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parison was not made, it is apparent that
quite low levels are measurable in the
room. (This test was performed to the
obsolete MIL-STD-461A RE04 limit.) Com-
pare these levels to the present day limits
of requirement RE01. There were no
unusual sol{ces of 60 Hz magnetic fields in
the building; however, there was a small
powarsubslar ion les.  rhan 100 metcrs f rom
the building. Measurements at 60 Hz did
increase when the loop probe was moved
outside the room, but the increase was not
recorded. An Electrometrics EMC-11 with
the AT 205 type loop (as defined in MIL
STD 461 basic and revision A, paragraph
5.2.1) was used to make these measure-
ments,

Reliabil ity Observation. As men
lioned dbove. the melhod oi fasletung lhe
panels together and sealing the gaps does
not force any metal to metal contact under
pre.:ure. Tn somc areas. the aluminum
flashing wili make direct contact with the
Celotex siding. In the room of the photo
graphs, casual inspection revealed a large
amount of bowing between flashing and

"iding. 
Thi. arould lead ru thp conclusion

that tape to flashing/tape to siding capaci
tance might be responsible for the attenu-
ation noted. This capacjtance would not be
expected to degrade over time, as the
aluminum oxidizes, at least to the extent
that an ohmic connection would.

Possible lmprovemenls. The door is
the most obvious weak link in the shielded
enclosure. A hinged metal door hung on a
proper frame with better "finger" contact
between door and frame would probably
help considerably. Power into the room
must be either dedicated to tbe roorn or
filtered (as would be necessary for any 60
Hz piped into the room.)

Finalll', a note of academic interest. The
double sided Celotex paneling would lend
itself naturally to a double electrically
isolated (DEI) enclosure configuration a la
Lindgren RF Enclosures technology. Lind-
gren literature shows 34 dB improvement
in 14 kHz magnetic performance and 20 dB
improvement in electric and plane wave SE
due to DEI construction (using a single layer
of copper screen as a baseline.) The
constmction technjques i:hanges would be
limited to the following.

1) Predrilling oversize holes for nails.
The purpose here is to avoid allowing a nail
to provide ohmic contact between the
aluminum foil coatings on either side of the
panels. 2) Laying up of flashing material on
inside of enclosure panel gaps as well as the
outside. The oversize holes would have to
be dril led lhrough thrs flashing marerial as
well. See Figure 12 below (contrast wun
Figure 1.)

EMC Test & Design
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Applications
There are many cases where on-site

EMI testing is preferable to shipping the
test unit to a remote facility. The ability to
provide a clean radiated ambient is crucial
for the success of the . test. Besides
schedule, complexity of test item/support
equipment or a need for special support
personnel and facilities are all possible

reasons for performing an on-site test-
Besides EMI testing there are several

reasons for using shielded enclosures. The
point of departure for the room described
here is the Tempest shielded enclosure
referenced previously. If the construction
le.hniques de.cribed above provide satis.
factory SE per the methods of NSA 65 6,
then rhis lerhniquc may wellbe an economi-
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