
An Ounce of Technological 
Prevention Avoids a Pound 
of Cellular Radiation Cure

How embedding an innovative transparent 
film in smartphones immediately adds 

safety and protects the public trust.

Copyright © 2019 CHASM Advanced Materials

tm



Contents
Welcome 3

The Great Debate 3

The Court of Public Opinion 7

5G Backlash 7

What is RF Energy and SAR? 9

Introducing a Thin Film with a Big Impact 12

Opportunity 14

2

An Ounce of Technological Prevention - White Paper



An Ounce of Technological Prevention - White Paper

3

Welcome

It would be difficult to find a consumer who hasn’t at least once in exasperation wished they could turn 
their cell phone off and walk away.  What – if anything – would provide enough incentive to make that 
fleeting wish a permanent reality separating them from their ubiquitous lifeline to the world around them?  

Concern over the deleterious effects of human exposure to radio frequency (RF) energy in the form of 
cellular phone communication signals continues to increase with a growing field of study. While universal 
consensus has not been found, scientists, watchdog groups, and governments around the world are rais-
ing the alarm to a problem that in the end could dwarf the impact of the now universally accepted causal 
link between cancer and cigarette smoking.

This white paper discusses emerging research concerning the impact RF energy is having on human 
beings, how cellular phones represent a substantive source of exposure to consumers, and how a com-
mercially available technological solution easily added to cellular phones can effectively mitigate the risk 
without negatively impacting signal quality and with little to no impact on current cell phone design and 
manufacturing.  Equipped with this information, readers can assess the influence RF energy may have 
in their day-to-day lives, take proactive action to reduce exposure, and make informed decisions about 
future smartphone purchases for themselves and their families.

Could the rising threat of personal harm, or worse, an increased threat to the 
health of their children, in the form of the dreaded “C” word – cancer – pro-
vide sufficient motivation to end the average individual’s addiction to smart-
phones, or is there another solution eliminating the source of the threat pre-
venting consumers from having to face this untenable choice?

There is no question that mobile technology has become a ubiquitous part of modern life. It has transformed 
the way we communicate, the way we work, the way we access information, the way we shop, the way we 
consume entertainment, the way we learn, and has democratized technology and communications across 
socio-economic levels and throughout the developing world. 

According to GSMA real-time intelligence data, in 2017 the number of people connected to mobile services 
surpassed 5 billion globally, with 3.7 billion in developing markets. As such, two out of three people in the 
world had a mobile subscription at the end of 2017.

The Great Debate
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As of April 2019, GSMA data shows that there are now over 8.98 Billion mobile connections worldwide, 
which surpasses the current world population of 7.69 Billion implied by UN digital analyst estimates. That 
is 1 billion more mobile connections than people. Looking out to 2025, the mobile industry will reach new 
major milestones across key indicators – unique subscribers, Internet users and 4G/5G connections. 

While there is no question that mobile communications are a part of our lives (and here to stay), the ques-
tion still remains over the safety from the amount of radio frequency (RF) energy they emit. Much like the 
debate over the hazards and benefits of smoking divided physicians, scientists, governments, smokers, and 
non-smokers since tobacco was first imported to Europe, there is an ongoing debate over the safety of cell 
phones on public health.

In May 2011, the World Health Organization (WHO) classified cell phone radiation as “possibly carcinogenic 
to humans.” 

More recently, in November 2018, the National Toxicology Program (NTP) within the U.S. Department of 
Health and Human Services (HHS) conducted toxicology studies in rats and mice to help clarify potential 

Source: Statista

Number of Mobile Connections Worldwide

https://www.gsmaintelligence.com/
https://www.who.int/news-room/fact-sheets/detail/electromagnetic-fields-and-public-health-mobile-phones
https://www.statista.com/statistics/371828/worldwide-mobile-connections/
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health hazards, including cancer risk, from exposure to radio frequency radiation (RFR) like that used in 
2G and 3G cell phones. 

The final conclusions from the NTP report represented the consensus between NTP and a panel of 
external scientific experts who thoroughly reviewed the draft NTP technical reports at a public meeting in 
March 2018.

The NTP studies found that high exposure to RFR used by cell phones was associated with:

 • Clear evidence of tumors in the hearts of male rats. The tumors were malignant schwannomas.
 • Some evidence of tumors in the brains of male rats. The tumors were malignant gliomas.
 • Some evidence of tumors in the adrenal glands of male rats. The tumors were benign, malignant, 

or complex combined pheochromocytoma.

While experts at the U.S. Food and Drug Administration (FDA) and the NTP agree that these findings 
should not be directly extrapolated to human cell phone usage; medical experts not associated with 

Source: U.S. Department of Health & Human Safety

Comet Assay Summary for Rats and Mice

https://ntp.niehs.nih.gov/results/areas/cellphones/index.html
https://ntp.niehs.nih.gov/events/past/index.html?type=Peer+Review+Panels+-+Technical+Reports&&date=2018-03-26
https://ntp.niehs.nih.gov/results/areas/cellphones/index.html
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the research say that, yes, there are dangers to human health from the repeated and routine use of cell 
phones and other mobile devices.

Additionally, there are also several studies on the impact of cell phone radiation on children. A 2015 
study by U.S. and Brazilian scientists confirms a significantly higher absorption of cell phone radiation in 
a child’s brain than in an adult’s brain. A 2010 study of cell phone radiation noted that, “in general and on 
average, children suffer a higher exposure of their brain regions than adults.”  This is because children 
have proportionally smaller heads and brains yet receive the same levels of cell phone radiation as adults. 
The American Academy of Pediatrics agrees, saying that “when used by children, the average RF energy 
deposition is two times higher in the brain and 10 times higher in the bone marrow of the skull, compared 
with mobile phone use by adults.”

While the Federal Communications Commission (FCC) in the U.S. has not developed a national standard 
for safe levels of exposure to radio frequency (RF) energy, many federal agencies have addressed this 
important issue. In addition to the FCC, federal health and safety agencies such as the Environmental 
Protection Agency (EPA), the Food and Drug Administration (FDA), the National Institute for Occupational 
Safety and Health (NIOSH) and the Occupational Safety and Health Administration (OSHA) have been 
actively involved in monitoring and investigating issues related to RF exposure. 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7335557
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7335557
https://iopscience.iop.org/article/10.1088/0031-9155/55/7/001/pdf
https://www.scribd.com/document/104230961/American-Academy-of-Pediatrics-letter-to-the-FCC
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The Court of Public Opinion

In Europe, a news release issued by Germany’s Federal Office for Radiation Protection advised using 
mobile phones with low specific absorption rates (SAR) values, a measure for the energy absorbed by the 
body when exposed to a RF electromagnetic field. The agency’s website also urges its citizens to take 
note of low SAR values when purchasing cell phones and how consumers can reduce individual radiation 
exposure. 

While early reactions to the NTP report’s findings suggest they will not dramatically reshape the debate 
over cell phone safety, you cannot ignore the court of public opinion. If you conduct a Google search for 
“do cell phones cause cancer?”, you get an astounding 23,900,000 results.

Frightening headlines have also dominated the news cycle specifically over the past year including, Chil-
dren Face Higher Health Risk From Cell Phones; Should pregnant mothers hang up their cell phones?; Cell 
Phone Use In Children and Teens Translates To 5 Times Greater Increase In Brain Cancer; Cellphones And 
Cancer Risk: How To Use Your Cellphone More Safely; There’s a clear cell phone-cancer link, but FDA is 
downplaying it.

The National Cancer Institute cites three main reasons why people are concerned that cell phones might 
have the potential to cause certain types of cancer or other health problems:

 • Cell phones emit radiofrequency radiation (radio waves), a form of non-ionizing radiation, from 
their antennas. Parts of the body nearest to the antenna can absorb this energy.

 • The number of cell phone users has increased rapidly. 
 • Over time, the number of cell phone calls per day, the length of each call, and the amount of time 

people use cell phones have increased. Because of changes in cell phone technology and in-
creases in the number of base stations for transmitting wireless signals, the exposure from cell 
phone use—power output—has changed, mostly lowered, in many regions of the United States (1).

Addressing concerns from its constituents, in 2017 the California Department of Public Health issued 
guidelines on how to reduce exposure to radio frequency energy from cell phones. Similar guidelines can 
be accessed from Germany’s Federal Office for Radiation Protection. 

5G Backlash

As our dependency on wireless communications grows, carriers are eagerly preparing for the release of 
5G. In an effort to satisfy our need for speed with our ever-expanding cadre of devices for gaming and 

http://www.bfs.de/SharedDocs/Pressemitteilungen/BfS/EN/2019/006.html
https://www.webmd.com/children/news/20140819/children-cell-phones#1
https://www.webmd.com/children/news/20140819/children-cell-phones#1
https://www.reuters.com/article/us-health-pregnancy-mobilephone/should-pregnant-mothers-hang-up-their-cell-phones-idUSKBN17K2I6
https://www.rfsafe.com/cell-phone-use-children-teens-translates-5-times-greater-increase-brain-cancer/
https://www.rfsafe.com/cell-phone-use-children-teens-translates-5-times-greater-increase-brain-cancer/
https://www.forbes.com/sites/brucelee/2018/11/03/cellphones-and-cancer-risk-how-to-use-your-cellphone-more-safely/#145a84cd3386
https://www.forbes.com/sites/brucelee/2018/11/03/cellphones-and-cancer-risk-how-to-use-your-cellphone-more-safely/#145a84cd3386
https://thehill.com/opinion/healthcare/416515-theres-a-clear-cell-phone-cancer-link-but-fda-is-downplaying-it
https://thehill.com/opinion/healthcare/416515-theres-a-clear-cell-phone-cancer-link-but-fda-is-downplaying-it
https://www.cancer.gov/about-cancer/causes-prevention/risk/radiation/cell-phones-fact-sheet#q2
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000784089&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000778269&version=Patient&language=English
https://www.cancer.gov/about-cancer/causes-prevention/risk/radiation/cell-phones-fact-sheet#r1
https://www.cdph.ca.gov/Programs/OPA/Pages/NR17-086.aspx
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streaming combined with fulfilling the promise of the Internet of Things (IoT), wireless companies are 
getting ready for us to access all of that information faster than ever. According to the Computer Trade 
Industry Association (CTIA), wireless providers will invest $275 billion in 5G-related networks in the U.S. 
alone. 

In its Mobility Report, Swedish telecom giant Ericsson predicts 5G coverage will extend to over 40 percent 
of the world’s population by 2024.

The primary difference between 4G networks and 5G is its use of unique radio frequencies. 5G will em-
ploy higher frequencies and bandwidth, enabling users to transfer wireless data faster (with rates of up to 
10Gbit per second) than older cellphone standards. Previous ‘G’ networks have used frequencies between 
700 MHz and 6 GHz. The 5G network will operate on frequencies between 28 and 100 GHz -- and it is 
expected that 5G will be around 20 times faster than 4G.  Although the frequency of 5G signals may be 
higher, they are also poor at penetrating obstructions.  This necessitates a different antenna strategy but 
could also mean increased power levels to insure stable connections.

Source: Visual Capitalist - 5G: The Next Generation of Mobile Connectivity

https://www.ericsson.com/en/mobility-report/reports/november-2018
https://www.visualcapitalist.com/5g-next-generation-mobile-connectivity/
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The changes in frequency also impact antenna design.  Unlike existing 4G towers that transmit data in 
all directions, the highly directional nature of the 5G frequencies means ultrafast data can be precisely 
delivered to a user.  5G uses higher frequencies, but shorter wavelengths enabling much smaller antennas 
than the existing 4G antennas.  Couple this with the capability for the new base stations to utilize more 
directional antennas, and the potential for a user to be directly in the line of sight of a 5G data stream 
increases.  And since 5G networks can switch to higher power in order to deliver data intensive streams 
such as video, the user’s exposure to higher power data streams will likely increase. 

Supporting more directional antennas, 5G base stations can provision over 1000 more devices per meter 
than the current 4G equipment, but direct line-of-sight to the end device is necessary to achieve the 
highest speeds.  To ensure availability of 5G signals to the maximum number of users, carriers can either 
install small antennas in every room of buildings requiring coverage or place large antennas throughout a 
city.  Regardless of deployment method, carriers will likely employ a fair number of repeating stations to 
boost the signal pushing the 5G signal as far as possible.  

With more directional antennas supporting direct, high powered transmissions at a higher density, are 
consumers’ data consumption appetites pushing our radiation exposure from the non-ionizing spectrums 
towards the ionizing spectrum?  If so, substantive steps towards risk mitigation are certainly warranted.
However, the fear and backlash over 5G’s health effects are just beginning. A Belgian government minis-
ter in Brussels, a city with a population of 11.4 million, has just announced that Brussels is halting its 5G 
plans due to concerns over health effects. Additionally, a petition asking the German Parliament to stop 
the award of 5G frequencies has reached 54,643 signatures, surpassing the quorum, according to an 
environmental campaign group called ‘Diagnose: Funk’. The German Parliament may decide to suspend 
the procedure to award 5G frequencies based on “scientifically justified doubts about the safety of this 
technology”, according to the petition. In the U.S., concerns are also heating up on Capitol Hill, as Sen. 
Richard Blumenthal, D-Conn., and Rep. Anna Eshoo, D-Calif., have inquired with FCC Commissioner asking 
for guidance on the safety of radiation from 5G devices. Additionally, over 240 scientists and doctors 
from 41 nations who have published research in the field have appealed to the United Nations calling for 
urgent action to reduce these ever growing wireless exposures and they wrote the FCC for a moratorium 
on the roll-out of 5G citing the serious risks that to human health and the environment.

RF energy – or radiation –  is just another name way of referring to radio waves. According to the FDA, RF 
radiation “is one form of electromagnetic energy which consists of waves of electric and magnetic energy 
moving together (radiating) through space.”  All energy waves are  classified based amplitude – the height 
of the wave – and frequency – the distance between the waves or their wavelength.  As shown in the 

What is RF Energy and SAR?

https://www.researchgate.net/publication/298533689_International_Appeal_Scientists_call_for_protection_from_non-ionizing_electromagnetic_field_exposure
https://ehtrust.org/key-issues/cell-phoneswireless/emf-scientist-appeal-advisors-call-moratorium-5g/
https://www.fda.gov/radiation-emittingproducts/radiationemittingproductsandprocedures/homebusinessandentertainment/cellphones/ucm116338.htm
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N
Higher frequency radiation such as X-rays and Gamma rays have the capability to remove an electron 
from an atom, breaking them down into smaller parts to create ions.  This “ionization” can potentially 
break down the molecules comprising the impacted atoms causing damage and interfering with their 
proper function.  This is why your dentist will drape a lead cover over you when x-raying your teeth.  Ioniz-
ing radiation can also break down human DNA strands leading to cancer.  

Lower frequency radiation is “non-ionizing”, so when interacting with organic material – such as humans 
– the atomic or molecular structures are not altered and the result is simply heat.  We use microwaves to 
heat our food and infrared heaters to warm our homes.   However, longterm exposure can still be det-
rimental.  You would not want to stand next to a microwave oven in use without any EMI shielding en-
closing the device.  When it comes to assessing the hazardous impact on humans, the overall dosage of 
radiation is not the sole contributor but also the accumulation of radiation over time.

Cell phone radiation level varies from device to device and is measured by the SAR. As stated previously, 
the specific absorption rate or SAR is a measure for the energy absorbed by the body when exposed to a 
radio frequency (RF) electromagnetic field. A mobile device’s SAR rating is used to estimate the maximum 
rate of RF energy absorption by a user’s head and body when using the device. 

figure below, radiation is also classified as “ionizing” or “non-ionizing” based on the impact it has when 
interacting with other matter. 

NON-IONIZING IONIZING
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Source: CHASM Advanced Materials

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000430698&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000778269&version=Patient&language=English
http://www.world-nuclear.org/information-library/safety-and-security/radiation-and-health/nuclear-radiation-and-health-effects.aspx
https://www.chasmtek.com/
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According to the FCC, SAR testing uses standardized models (a test dummy) of the human head and 
body that are filled with liquids that simulate the RF absorption characteristics of different human tissues.  
The SAR test dummy is based upon a large adult male (6’2” tall and 220 pounds) called the Specific An-
thropomorphic Mannequin, or SAM. 97% of the population is smaller than the SAM model, meaning that 
only 3% of cell phone users are represented.

In order to determine compliance, each cell phone is tested while operating at its highest power level in all 
the frequency bands in which it operates, and in various specific positions against the dummy head and 
body, to simulate the way different users’ typically hold a cell phone, including to each side of the head. 

Source: Statista

https://www.statista.com/chart/12797/the-phones-emitting-the-most-radiation/
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To test cell phones for SAR compliance, the phone is precisely placed in various common positions next 
to the head and body, and a robotic probe takes a series of measurements of the electric field at specific 
pinpoint locations in a very precise, grid-like pattern within the dummy head and torso. All data for each 
phone placement is submitted as a part of the equipment approval test report for final authorization. In 
the U.S., the FCC requires that cell phone manufacturers conduct their SAR testing to include the most 
severe, worst-case (and highest power) operating conditions for all the frequency bands used in the USA 
for that cell phone. The SAR values recorded on the FCC’s authorization and in the cell phone manual to 
demonstrate compliance with Commission rules indicate only the highest single measurement taken 
for each frequency range that the particular model uses. FCC approval means that the device will never 
exceed the maximum levels of consumer RF exposure permitted by federal guidelines, but it does not 
indicate the amount of RF exposure consumers experience during normal use of the device. 

A recent study by Bundesamt für Strahlenschutz in Germany shows the amount of RF energy emitted 
while a cell phone is held close to the ear, by brand and model. While the FCC in the US sets the standard 
for phones at 1.6 W/kg. In contrast, the Blue Angel standard in Germany requires that phones have a SAR 
of no more than 0.60 W/kg.

While RF signals are the source of exposure, they are also the fundamental carrier of all data and conver-
sations to and from a smartphone. Without RF signals, the phone becomes useless as a communication 
device and there is currently no other commercially viable wireless signal as a replacement. RF signals 
therefore must remain, so the challenge is to find a method of shielding users from exposure without 
degrading the performance of the device.  

With SAR compliance becoming increasingly important to government organizations and consumers 
becoming progressively wearier of exposure, cell phone manufacturers are actively seeking solutions 
for mitigation.  The SAR level for any phone is directly proportional to the radio frequency output of that 
particular model.  Lowering the radio frequency output will also lower SAR exposure levels.  While this 
may yield compliance with published target limits, this can also compromise the signal strength and call 
quality of the phone – two measures of which most cell phone user are keenly aware.

RF signals are one form of electromagnetic waves, the control of which has been traditionally done with 
some form of shielding. Typically referred to as “EMI shielding” – for electromagnetic interference – the 
goal of the shielding was to eliminate the distortion, static, or other interference that electromagnetic 
wave can have on machines or electronic devices. An EMI shield acts as a “cage” surrounding a device, 
preventing the waves from penetrating.  This is certainly preferable to prevent disruption of critical medi-
cal, military, or aerospace electronics, but its antithetical to the desired effect on a cellular phone. 

Introducing a Thin Film with a Big Impact

http://www.bfs.de/SiteGlobals/Forms/Suche/BfS/DE/SARsuche_Formular.html
https://www.fcc.gov/general/specific-absorption-rate-sar-cellular-telephones
https://www.statista.com/chart/12797/the-phones-emitting-the-most-radiation/
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A transparent RF shielding film (shown in blue for clarity) simply installs between the touch screen and  
the display. 

Source: CHASM Advanced Materials

RF Shielding Film in Smartphone Assembly

From an engineering perspective, the preferred solution would provide RF shielding toward the user – pro-
tecting them from RF exposure – while not creating any shielding effect away from the user – insuring 
maximum signal strength and call quality.  Cellular phone users are very aware and sensitive to call quality 
issues from the years of “dropped calls” as the platform matured.  They would not likely be amenable to any 
solution degrading performance.  In effect, the ultimate solution would present a plane at the user’s ear to 
selectively shield at prescribed frequencies.

Using a combination of advanced materials, engineers have successfully developed an innovative solu-
tion delivering this exact capability. The technology combines a Frequency Selective Surface (FSS) tuned 
by design to only effect predetermined frequencies of waves and a transparent, flexible printed electronic 
(FPE) film made from an advanced combination of carbon nanotubes (CNT) and silver nanowires (AgNW). 
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While people are rightly skeptical about health warnings from things they cannot see, years of scientific 
research and sensationalized media coverage of other “silent killers” has honed their sensitivity.  The per-
vasiveness of smartphones and their wide usage by children puts every parent on guard and every media 
outlet on point for the next hard-hitting, whistle-blowing expose.  If they act now, cellular phone manufac-
turers have an opportunity to literally avoid the “pound of cure” in the way of litigation and liability with an 
“ounce of prevention” in the form of an easy to integrate, affordable to produce, and effective RF shielding 
film making them part of the solution rather than cause of the problem.  Done in a way that also does not 
degrade the performance of the device, consumers won’t even have to face the decision of a tradeoff. 

Much like seatbelts or air-bags in automobiles, manufacturers have to weigh carefully whether consum-
ers are willing to pay a premium for safety features or to reduce margins on the sale of their product 

Commonly referred to as a CNT hybrid, the novel combination of strong, conductive, and environmentally 
stable CNT inks with a transparent and conductive AgNW layer creates a new category of transparent FPE 
that is both superior in performance and more cost-effective to manufacture.

In application, FSS solutions have been traditionally used as a means of preventing unwanted signal 
disruption. They’ve been designed and applied for indoor or outdoor environments where walls, panels, 
ceilings, floors or a variety of other surfaces require transformation into RF active surfaces and act as a 
shield or as an enhancement of antenna performance. 

To be effective at RF shielding in a cellular phone application, the FSS design must be effective over the 
full cellular frequency range of 600MHz to 6GHz.  This is accomplished by utilizing a unique printed peri-
odic pattern resembling a snowflake pattern on a CNT hybrid flexible film substrate. The unique material 
properties of CNT in combination with the AgNW thin film substrate delivers superior RF reflection perfor-
mance due to strong interaction between RF signals and CNTs.

Lab testing performed in an anechoic chamber confirm that up to 95% of the radiation impinging upon the 
RF shielding film is redirected away from areas of interest such as a user’s brain when typically holding 
a cell phone to their ear.  Because the signal is redirected – in part back towards the broadcast antenna 
and not absorbed – the signal strength of the phone is actually increased.  This redirection away from 
the user’s head results in lowering the overall RF energy exposure across the user’s body and an aver-
age reduction in SAR of 25% over the 698-960 MHz & 1710-2700 MHz Global Carrier Bands.  Adding the 
RF shielding film in this test was also found to lower Specific Absorption Rate (SAR) values for this cell 
phone model by 25% - a measure of the rate of RF energy absorption by the body.

Opportunity



An Ounce of Technological Prevention - White Paper

15

Ask Us About CNT Hybrids!

Forward to a Friend!

lines.  Considering that the redirected RF energy from the face of the smartphone is coupled with the 
signals already emanating from the phone’s back increasing overall signal strength and producing a better 
connection to the tower, consumers will experience a noticeable – and marketable benefit.  In addition, 
studies have shown that a more efficiently transmitting cell phone  may also use less power, thus increas-
ing battery life and talk time – both of which are motivational features to smartphone purchasers.

Smartphones are an integral part of modern society and the questions concerning their health risks are 
only just beginning to emerge.  With the latest communication protocol innovations like 5G just being 
rolled out, scrutiny from government organizations and watchdog groups will be on the rise. While de-
finitive research has yet to be published directly linking RF energy with specific health issues, focused 
research in this field of study is increasing and it can be assumed that it is only a matter of time. One only 
needs to look to the tobacco industry as a cautionary tale. 

There is an opportunity for device makers to get ahead of this storyline now with a fraction of a preven-
tative ounce in the form of an advanced RF shielding film.  By embedding safety into devices in an easy 
and affordable to integrate way that also optimizes smartphone performance, manufacturers can not only 
avoid a litigious pound of cure but emerge as protectors to consumers. 

https://www.chasmtek.com/contact
mailto:?subject=Interesting%20CHASM%20Whitepaper&body=I%20thought%20you%20would%20be%20interested%20in%20reading%20this%20whitepaper:%20https://www.chasmtek.com/rf-shielding-film-white-paper
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About CHASM Advanced Materials
CHASM Advanced Materials is revolutionizing design and fabrication of printed electronics and energy 
storage devices through exclusive development and manufacture of CNT hybrid transparent conductive 
films and CNT hybrid electrode materials.  The company’s line of AgeNT transparent conductive films is 
flexible and formable with low pattering costs and low sheet resistance at high transparency.  Leading 
companies across multiple industries have successfully launched next generation innovations using 
transparent circuits, heaters, antennas, and films as well as advanced CNT inks and carbon nanotubes 
(CNTs) only available from CHASM.  For more information, visit www.chasmtek.com.

2501 Technology Place

Normon, OK  73071  USA
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(781) 821-0447

Headquarters & Application Development Center Nanotechnology Manufacturing Plant
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