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oday's consumer electronics 
market is pushing manufacturers 
to provide products that are 
smaller and faster and have 

higher performance than ever before. 
Some of the more visible results of this 
can be seen in recent design progres- 
sions for mobile phones and other 
wireless communication devices. Since 
plastic is the material of choice for the 
housings of these products, EMI shield- 

ing is a major issue. There are relatively 
few standard technologies now available 
that EMI engineers can use to prepare 
their systems to meet today's emission 
and susceptibility challenges. Recently, 
however, a new technology has been 
introduced for EMI shielding at the 
printed circuit board (PCB) level that 
couples the shielding effectiveness of 
metal cans with the superior design 
flexibility and reduced weight of plastic. 

This article describes the basic 
makeup of this new material, its capa- 
bilities, and the theory behind its 

functionality. Some experimental 
analysis of the new material's shielding 
performance, both in the far field and in 

a near-field test application, will be 
presented. An overall cost and perfor- 

mance comparison between this new 
technology and those currently used in 
the consumer electronics industry will 

be provided, along with a discussion of 
the pros and cons of each. 

EMI SHIELDING AT THE PCB 
LEVEL 
Recent advancements in mobile commu- 
nications require that a variety of 
electronic functional blocks all be able 
to peacefully coexist in very close 
proximity. This is of particular concern 
to wireless product manufacturers that 
have had to integrate both RF and digital 
functions onto a single PCB. In order to 
permit the noisy/susceptible groups of 
components making up these functional 
blocks to operate properly and simulta- 

neously, manufacturers have had to 
employ localized shielding to electrically 
isolate them from one another. In 

addition, total emissions from the 
finished products must be within limits 

set by the various controlling govern- 
ment bodies (e. g. , FCC, CISPR, VCCI) in 

today's global market. 
The three EMI containment technolo- 

gies most widely used today are metal- 

lized injection-molded plastic housings, 
stamped metal cans, and die cast (or 
molded) metal shields. Other technolo- 
gies that are sometimes used to augment 
these basic PCB-level shielding systems 
are conductive gaskets and conductive 
paint or plating on the inside surface of 
the equipment housing. 
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HEAT STAKABLE PLASTIC SHIELDING CAPS 

Recently, a unique new shielding technology has 
been introcluced that provides a thermoformed, 
concluctive multicavity plastic cap that is applied 
directly to a PCB by means of heat staking or thermal 

bonding (Figure 1). Once the cap has been applied, 
it has been shown to withstand the rigors of the 
standarcl tests required by the mobile phone inclustry. 

If rework or repair is required, the cap can be peelecl 
off from the PCB. 

Polycarbonate 

Hot Melt Adhesive Thermally Extensible 
Metal Fibers 

Material Description 
The new heat stakable plastic shielcling cap material 

is composed of two layers (Figure 2). The first layer, 
which gives the material its stability, consists of a 
0. 13-mm thick film of polycarbonate. The second 
layer is a thermally extensible mat of tin/bismuth 

alloy fibers enclosecl in an ethylene vinyl acetate 
(EVA) hot-melt aclhesive resin. It is this metal fiber 
mat that gives the composite material its EMI shielcl- 

ing characteristics. 

Shielding Cap Formation 
The metallurgy of the metal fiber mat is key to the 
material's ability to be thermoformecl into complex, 
multicavity shielding structures. During forming, the 
material is heated up to the softening temperature of 
the polycarbonate backing (175' C). At 138' C, the 
metal fibers become molten ancl are thus able to 
extend with the softened plastic backing as it is 

forcecl into the mold by vacuum or pressure. As the 
mokled cap cools, the metal fiber mat resoliclifies, 

maintaining its electrical continuity and thus its 

shielding effectiveness. The ability of this new 
material to be formecl in this way allows a great cleal 

of flexibility in the clesign of multicompartment or 
complex shielcls. 

Shielding Cap Attachment 
The formed shielding cap is thermally bonded ancl 

electrically connectecl to the PCB using a specially 
shapecl clie. As the heated die contacts the flanges of 
the cap, the hot melt aclhesive is activated, fixing the 

Figure 2. Layered construction of heat-bondable EMI 

shielding material. 

cap mechanically to the PCB ground trace. During 
this operation the temperature of the EVA adhesive 
rises to about 90' C. The solicl shielding fibers on the 
flanges of the cap are then forcecl through the 
adhesive and into electrical contact with the PCB 
grounding pad. No additional gasketing, conductive 
aclhesives, solclering, mechanical fasteners or further 

processing is necessary to complete the circuit 
shielding. 

The major vari;Ibles involved in the attachment of 
these caps to the PCB are the thermal-bonding clie 

temperature, pressure, and dwell time. These values 

vary somewhat with the size of the cap and, to a 

greater extent, the thermal characteristics of the PCB 
(Table 1). Larger caps require greater pressure 
whereas PCB's with higher heat capacity require 
longer sealing times. 

The hot-melt adhesive has been specifically 
formulated to soliclly hold the cap to the PCB cluring 

typical climatic ancl vibrational stress tests required by 
many consumer wireless procluct manufacturers. Even 
when the board is reheatecl to temperatures exceed- 
ing 85' C after application, the bond does not relax. 
In fact, extended exposure to temperatures as high as 
125' C has actually been shown to cause the adhe- 
sive to become more aggressive. 

Shielding Cap Removal 
The EVA adhesive resin is designecl to have a "con- 
trolled release" property that allows the cap to be 
removed by peeling it off the boarcl. This can be 
clone by hancl using a small pair of pliers. Since 
removal occurs at room temperature, the strength of 
the PCB trace aclhesive is not compromisecl (as can 

happen during the heatecl removal of solderecl cans) 
so it is unlikely that peeling the cap off mould cause 
damage to the PCB traces. The peel force of a cap 
thermally bondecl to a typical PCB with gold traces 
ancl a row of vias clown the center of the trace was 

founcl to be about 2. 0 N/mm (90' peel). 

Figure X. Heat-bondable, multioatdty, EMI shielding cap 
(potential application for mobile phone). 

Shielding Effectiveness 
Full characterization of a material as an EMI shielcl is 
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Thermal-bonding die temperature 160' - 190'C 

Pressure holding thermal-bonding die 
against cap flange in a 3" dia. cylinder) 

5-40 psi 

Dwell 1im e for sea I 2 — 10 seconds 

accomplished by evaluating its 

performance in both the near and 
far field. Far-field measurements 
(measurements made with the 
shield at a distance from the 
source greater than the wavelength 
divided by 2ft) are commonly used 
to indicate the ability of the 
material to prevent external 
sources from interfering with 

product operation. In other words, 
such measurements measure the 
material's ability to address the 
issue of product susceptibility. In 
addition, far-field measurements, 
because of their relative accuracy 
and reproducibility from one 
laboratory to another, are often 
used for material comparisons. 

Near-field measurements, on the 
other hand, provide a more 
realistic picture of the shielding 
provided by a low-profile cap on a 
PCB. The shielding surface of such 
caps is generally located closer to 
the signal source than a distance of 
the wavelength divided by 2ft. A 

knowledge of near-field perfor- 
mance is therefore required to 
determine the cap's ability to 
handle PCB emissions and to 
reduce circuit-to-circuit interfer- 
ence. Because the results of near- 
field measurements tend to be very 
circuit specific, emitters with 
different transmission patterns will 

frequently produce different 
shielding numbers. 

THEORY 
The far-field shielding effectiveness 
of the material from which the 
thermally bonded shielding caps 

are made, is almost exclusively the 
result of reflective attenuation. Its 
shielding or attenuation perfor- 
mance can be thought of as 
essentially a waveguide-below- 
cutoff with essentially no loss due 
to absorption. Its far-field shielding 
effectiveness in decibels (dB) is 

described in terms of the wave- 
length Q, ) and the largest opening 
between fibers Q) by the equation 

SE = 20 log 10 [9, /2)/(f * 6)] (1)' 

Because the wavelength 9, ) is 

equal to the speed of light (c) 
divided by the frequency (f), 
Equation 1 can be rewritten to 
describe the far field shielding 
effectiveness of a mesh in terms of 
the spacing between fibers Q) as 
follows: 

SE = 20 log 10 [(c/2)/(f + 6)] 
= 104-20 log 10 (f + 6) (2) 

where f and d are expressed in 

terms of MHz and mm, respec- 
tively. ' 

EXPERIMENTAL 
MEASUREMENTS 
The dimension 6 is a direct func- 
tion of the spatial arrangement of 
the metal fibers present in the fiber 
mat. A typical sample of the heat 
stakable plastic shielding material 
was examined using an optical 
microscope and observed to have 
a distribution of openings between 
fibers as shown in Figure 3. The 
average major diameter of these 
openings (5) was 0. 30 mm. 

The shielding effectiveness of 
this sample Q = 0. 30 mm) was 

Note: During this operation the temperature of the PCB trace beneath the cap flanges 
reaches a peak temperature of about 90' C. This limits the heat exposure of adjacent 
components to an insignificant level. 

Table 1. Qpical thermal-bonding parameters. 

measured experimentally using the 
test method described in ASTM 

D4935. The coaxial transmission 
line test cell used for this evalua- 
tion was reduced in size compared 
to the one described by ASTM 

D4935 in order to provide attenua- 
tion data up to about 10 GHz. (The 
ASTM 4935 test cell, which was 
originally designed for use up to 1 

GHz, exhibited numerous reso- 
nances above about 3 GHz. ) The 
device was flanged at its midsec- 
tion to eliminate concerns about 
electrical contact with the shielding 
layer of the sample (even if the 
shielding is buried between non- 
conductors) by relying on displace- 
ment current across the flange to 
transmit the signal. Shielding 
effectiveness determination re- 
quired measurement of both a 
reference sample (to provide the 
incident field data) and a load 
sample of the same material (to 
provide the shielded measure- 
ment). Measurements were made 
using a Hewlett Packard 8510C 
Network Analyzer. The shielding 
effectiveness of the specimen (5 = 

0. 30 mm) is shown in Figure 4 
compared to the theoretical data 
calculated according to Equation 2. 
As can be seen, the experimental 
data, with the exception of what 
are likely some minor cavity- 

continued on page 44 

C So C 
K 
O so 
0 

40 
g 
~f 

20 

Average opening 
size 0. 30 mm 

(major diameter) 

. 1 2 9 A 5 b . 7 Al S 1 1. 112+ 

Major Diameter of 
Opening (mm) 
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inducecl reson;inces, agrees well with that preclicted 

by Equ;ition 2. 
One of the major advantages of using the test 

method clescribecl in ASTM 4935 is that it provides 
very reproducible shiekling results (within + 3 d13, 

even with clifferent equipment at clifferent locations)-" 

for a wide variety of' materi;ils. Shielcling clat;I for 
several of the materi;ils in wide use for PCB-level 
shielcling are compared in Figure 5. These low 
frequency measurements were made using;i Hewlett 
Packard 8566B Spectrum An;llyzer. 
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Figure 4. Comparison of experimental and theoretical far- 

field shielding effectiveness of heat-bondable EMI 

shielding material. 

ELECTRICAL ISOLATION EFFECTIVENESS 

One of the major functions of a PCI3 shielcl is to 
isolate electric;il systems within the sanle piece of 
equipment from one another. If this i» not clone 

properly, the equipment will function err;itically or 
perhaps not at:ill, clepencling on the specif'ic charac- 
teristics of the circuits involved and the direction of 
the emission "lobes" within the function;il blocks. For 
exaluple, if veiy high emissions from a circuit happen 
to be directed out of a hole or slot in the shielcl, this 

can cause a problem for anything in its path. 
A general measurement of the shielcling isolation 

effectiveness of the new plastic shielding clip wa» 

;iccomplishecl using Li test PCB (Figure 6) with two 
small iintenn;is mountecl on it. This test bo;ird w;I» 

designed so that the antenn;is (simulating two 
different circuits on the same PCB) were located in 

the center of each capped section of' the PCI3. Each 
of the;intenna wires was about 25 mm in length, 
elevated about I mm above the PCI3 ground plane, 
iind terminatecl through a 50-ohm resistor. The multi- 

compiirlnlent shiekling cap was heat staked directly 
to the grouncl plane. In most practic;il situ;itions, 
shields:lre;itt;ichecl to traces on the PCB surface 
which lire in turn connectecl to a grouncl plane 
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Figure 5. Comparison of the shielding effectiveness of 
several materials used as PCB-level EMI shields. 

sublayer by vias. For this test, direct connection of 
the c;ip to the ground plane was made to avoid the 
shiekl-compromising effects of the resistance along 
these vias to the subl;iyer, p;irticul irly:it the higher 
frequencies. Although this test technique is specif'ic to 
the ladilition pattern iind ch;iracteristics of the specific 
antenniis used, the resulting informiition shows, ;it 

least generally, the electric;il isol;ition capability of' 

the new nl;lterl'll. 

Isolation measurements were miicle between the 
two chambers of a thermally bondecl cap by applying 
a signal from a Boonton 2100 Synthesizecl Sweep 
Gener;itor to one antenna Ilnd monitoring the re- 

sponse;it the other antenna using a Hewlett I'acklird 

856613 Spectrum Aniilyzer. The frequency range 
evaluiited was from 2 to 6 GHz. The cap w;is then 
removecl to conduct the reference measurement. To 
establish the clynamic range of the test setup, the 
same proceclure was f'ollowed using two copper 
shields soldered to the grouncl plane. The isolation 

provided by the heat stakecl cap (Figure 7) rangecl 

fronl about 58 clB at 2 GHz to 42 cll3 at 6 GHz. The 
clynamic range for these measurements wits between 
65 and 80 dI3 across the entire frequency range. 

The authors recognize thiit antenna bo;ircl tests 
such as described here have certain limitations. The 
short wires used as antennas on the test I'CI3 were 
not well tuned, except at their quarter wave length 
resonance (about 4 GHz). This w;is verified by 
monitoring the Sll ol' each antenna using a Hewlett 
Packard 8510C Network Analyzer. Cavity resonances 
that appeared to vary in their frequency of occur- 
rence based on the climensions of the cap prevented 
obtaining useful data above 6 GHz. 

METALLIZED, INjECTION MOLDED PLASTIC HOUSINGS 

Both electrolessly pliitecl ancl vacuum-metallizecl 

injection molded pllistic enclosures;ire frequently 
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Figure 6. Test board configuration for simulating 

compartment-to-compartment shielding (Isolation). 

usecl to isolate the various sections of circuitry on a 
I'CB (Figure 8). These partitioned shields are held 
against the PC13 ground traces by clamps, screws, 
spring clips, or, in some cases, even the equipment 
housing itself. 

Multilayer electroless plating techniques (e. g. , 
copper-nickel) are usually capable of providing a 

very uniform conductive layer to plastic. The result is 

a fairly high degree of shielding (Figure 5). On the 
downside, however, these platings are expensive and 
not generally suited for high volume application. 

Unlike electroless plating, vapor coating is a "line 

of sight" process, usually capable of provicling 
uniform plating in only the shallowest and simplest 
of housing designs. Because vapor coating is a batch 
process, cost is also on the high side. Overall, vapor- 
metallized plastic housings tend to provide the least 
effective shielcling of the technologies discussed here 
(Figure 5). 

One of the major performance weaknesses of a 

rigid, metallizecl plastic shield is a lack of reliability in 

its electrical contact with the PCB. This contact is 

hampered by the fact that PCBs are not always 

perfectly flat. Intermittent contact with the grounding 

70 

Figure 8. Metallized, injection molded plastic shielding cap. 

traces of the PCB results in extended slots around the 
base of the shield, which greatly reduces shielding 
effectiveness. As higher frequency shielding becomes 
a concern, such rigicl plastic housings often require 
some sort of conductive gasket between the eclge of 
the plastic shield and the PCB ground trace to 
improve the uniformity of contact. These gaskets are 
usually made from a silver-filled elastomer and add a 

considerable amount to the cost of shiekling. 

METAL CANS 

One of the more commonly used methods of board- 
level shielding, especially in the wireless inclustry, 

involves the use of stampecl metal cans (Figure 9). 
These thin metal shields are available in both single 
and two-piece (removable lid) designs. They are 
stamped or folded to the appropriate shape and then 
soldered onto the PCB either by hand or cluring the 
reflow soldering operation. Single-piece cans that are 
placecl onto the PCB at the same time as the compo- 
nents greatly restrict rework and inspection of the 
components beneath them. Cans with removable lids 

allow access to circuitry, but may require a manual 

assembly step to attach the lid during procluction. 
The metal sheet stock from which these shields are 

usually made is capable of providing excellent 
shielding (to the dynamic range of our equipment). 
These metal shields, however, are normally perfo- 
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Figure 7. Isolation shielding effectiveness between 

adjacent compartments of a heat-bondable EMI shielding 

cap. Figure 9. Stamped/folded meta/ EMI shielding cans. 
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rated or slotted. In the case of 
single-piece metal caps, holes must 
be addecl to prevent "popcorning" 
cklring reflow. The holes are also 
used to provide ventilation for the 
components, where required, and 
to help equilibrate the heat cluring 
the soldering operation so those 
components under the shields are 
properly reflowed. In the case of 
the "folcled-type" metal cans, the 
corners of the can are usually left 
unsolclered, creating slits at each 
corner. All of these openings, as 
mell as gaps left when the can 
flanges are soldered to the PCI3, 
mill compromise the ef'f'ectiveness 

of the metal shiekl (Figure 10). 
Although these openings are 
electrically small and therefore not 
a big problem at today's frequen- 
cies of concern, they will become 
more critical as frequencies rise. 

Two-part, or liclded caps, 
despite having the advantage of licl 

removability for rework or repair, 
introduce another concern. Over 
the long term, corrosion/contami- 
nation problems at the interface 
between the lid and frame of the 
can may occur. For this reason, 
single piece cans usually provide 
better and more reliable shiekling 
effectiveness than the two-part or 
lidded caps. In adclition, the two- 
part caps tencl to acid more weight 
and higher cost than other shield- 

ing technologies. 

CAST METAL. HOuSiNGS 

Die cast zinc and magnesium metal 
housings have been used for 
shielding covers in wireless 
communications equipment for 
some time (Figure 11). A number 
of mobile phone manufacturers 
using this technology, however, 
are presently evaluating ne~er 
techniques for providing magne- 
slulll alloy hotlslngs as;I 1epl'lce- 
ment for die cast p;lrts. One of' 

these new method» is clllled metal 
injection molding (MIM). This 
technology makes use of the 
characteristics of certain powdered 
magnesium alloy» and plastics 

which allow themselves to he 
injection moklecl (f. e. , they can be 
shear meltecl and processecl using 
equipment similar to standard 
plastic injection molding ma- 

chines). The plastic is then clis- 

solvecl or burned out of the metal 

matrix, resulting in a part th;lt 

requires further sintering to;lchieve 
its full density. More recently, parts 
made by a process called Thixo- 
molding™ (magnesium alloy 
basecl) are also being evaluated. 
Such parts should also be capable 
of providing very good shielding. 

All of these cast/molded metal 
technologies, because they form 
very rigid housings, usually require 
the use of some sort of a flexible 
conductive gasket to improve the 
electrical bond between their 

"footprint" ancl the PCB ground 
traces. Cast metal shiekls are also 
quite expensive and are among the 
heaviest of the shielding tech- 
niques in use toclay. 

Some two-part lidded metal can 
designs use die cast frames as the 
walls that are mounted onto the 
PCH ground traces. The same 
problems with lief-to-frame electri- 
cal contact reliability that occur 
with stamped met;11 frames are 
notecl with the die cast parts. There 
is the adcled issue, ho~ever, of 
being sure that the die cast frame 
and the met;ll from which the lid is 

macle are galvanically matched 
materials to forestall electrolytic 
corrosion problems where they are 
joined. 

oontintted on page 54 
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Figure 11. Magnesium housing for EMi shielding. 

equivalent to or superior to many of' the perforated 
and stamped met;11 cans in use today. The far-field 
shielding effectiveness of this material is easily 
predicted by theory. A simple technique for evaluat- 
ing the shield's effectiveness in isolating two circuits 
(having very specific radiation patterns) on the same 
board was described. Various costs associated with 
each of the shielding techniques described was also 
presented. 

REFERENCES 
CONDUCTIVE PAINT 

Concluctive paint, generally fillecl with particles of 
nickel, copper, silver, or silver-coated copper, is 
often used to add reflective EMI shielding to plastic. 
This technique is generally usecl on the inside surface 
of plastic housings to help block overall EMI emis- 
sions from the procluct that could result in violation 
of governmental regulations. The shielding provided 
by conductive paint is generally less effective than 
that of previously described shielding materials 
(Figure 5). Overall costs can also be high due to the 
requirement for masking and adclecl hanclling. 
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COST COMPARISON 

Table 2 includes a basic cost 
summary of each of the described 
PCB-level shielding technologies 
discussed in this paper. In adcli- 

tion, information is provided 
regarding the relative weight 
penalty for each technology as 
well as the potential PCB "real 
estate" savings due to cap design 
flexibility. This analysis was 
constructed specifically with 
reference to the mobile communi- 
cations market; however, other 
users of PCB-level shielding can 
easily "customize" the analysis for 
their own products. 
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SUMMARY 
This paper describes a new 
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shielding effectiveness, which has 
been shown (in the far field) to be 
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per shleidnool set 
(I/lcitKhlg Trim Oie) 

Manual application 
8OUlplflSAt Costs 

One time $1 0, 000 per 
1. 2M caps/yr 

Ssssmbiy ststioA' 
Esistng equipment Evining equIpment Manual assembly casts 

Gasket dispensing 
tn}utpmem Of 

outsourctng, curing 
ovens; Manual 
Ssssmbty costs 

Manual assembly costs 

One srns $40, 000 pw 
3. 6M caps/yr 

esssAlbly station 

Additmnal tape and 
reel locstian 
fvl eqUip/fwfa 

Addsoflsl tape 8/ld 
feel loCStiorl 

on equipmenl 

One time $40, 000 
per 3. 6M caps/yr 
assembly station 

U3sskst dtspensing 
equipmsnt ar 

outsoU/cl/lg, cU/lflg 

ovens, One time 
$40. 000 per 3. 6M 

CSPS/yl acsembty station 

One bme $40, 000 per 
3. 6M caps/yr 

assembly stsli(vl 

Msrluel Scrembty bnle 10-15 seconds N/A N/A 

Robotic assembly bme 5 seconds N/A 10 seconds 10 seconds 10 secoAds 

Repair/ rework 

Post 
Narbufacturinl 

Cost ot 
replacement cap 
and reapplication 

($0. 50) 

Csn removal 
equipment, rSPlacsmenl 

csn casts 
($2. 00-$3. 00) 

Labor time 

($1, 00-$1. 25) 
Labor time 

{$1 00. $1. 20) 
Labor time 

t$0. 50-$1. 001 
Labor Sme 

($1. 00-$1. 20) 

*once application equipment has been obtained, future product 

changes require only a thermal-bonding die (about $500 per 
assembly statlonl. 

Table 2. Cost analysis of EMI shielding technologies. 

and EMI control products and has azithored numerous technical 

publicatioris in both fields. Currerztly he is a inember of SPE, IEEE, 

the ESD Associatiolz and a certified NA. R. TE. ESD engineer. 

Phone: (512) 984-31 76; E-nzail/ dmyenni1//z/nnz. conz 

MARK G. BAKER Mark G. Baker received a B. S. degree in electrolz- 

ics erigilieering technology from DevryIlzstitiite of Technology in 

1986. Sirice then he has uorked for Thermotron Indzistries as a 

field service engineer, and as a technical service engi /leer and 

prodlict development eiigirzeer lvith the 3M Electrolzic Haiidliug C 

Protection Division iu Austin Texas. He has several years experi- 

e/zce in electro-mechanical design, metrology, and electrostatic 

control. He is currently a member of the ESD Association arui the 

IEEE. Phone: (512) 984-5973; E-nzail/ mgbaker1 /S/nzmrzz. corn 

CURT MAYNES is an Advanced Technical Service Engineer for 3M 

Company, Electronic Handlilig r" Protection Divisiolz. He received 

BSin Electrical Engiueering froni the University oftttotre Dame in 

1993. Since 1997, he has provided technical arid product 

application support for 3M Static Coiztrol arid EMI shieldi iig 

products. He is currelitly a /nenrber of IEEE and the ESD Associa- 

tion. Phone: (512) 984-4073; E-nzail/ cemaynesmmnz. corn 

e are a diversif(ed fabricator of specially 
designed die cut materials for both the 

commercial and mi(itary markets. We special- 
ize in custom ENII/RFI Shielding Products for 
our wide range of customers. To add further 

value to our 
, '4Vj, products we offer 

our "Thermal 
Vacuum System" 
for both outglassing 4, vu 

of materials for 
space applications 
and Thermal 
Vacuum Baf&ing for 
lamination of 
materials. With our 
17 cubic foot 

chamber, we can maintain temperatures from 
ambient to 400'F at + 2'F. A(( functions are 
computer monitored and controlled. 
We either meet or exceed all applicable 
government standards. 

CGS Technologies, Inc. 
20804 N 20th Ave. 

Phoenix, AZ 85027 r 
Ph (623( 869-0600 Fax (623) 582-4813 
E-mail: canyongsktoaol. corn 
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