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Introduction 
 

During the past several years, our team has heard many people say, “RFID tags do not work well with metal and liquids" in the 
context of passive UHF technology, more specifically with EPCglobal Class 1 Gen 2 or ISO 18000-6C.  

This is an unfortunate misconception, and one that has been perpetuated by vendors with competitive offerings in other 
frequencies, as well as by vendors selling more expensive battery-powered RFID tags.  

The simple fact is, the passive UHF RFID tag (which lacks a battery and operates at ultra-high frequency) is one the most globally 
accepted, broadly available, economical, and technically advanced of all RFID technology options. It is the designated standard of 
retail giants like Walmart, and de facto choice the US Department of Defense for supply chain tracking of just about anything placed 
inside a shipping container. True, these tags are not as metal or water friendly as tags using other frequencies, but manufacturers 
have overcome those obstacles with read-on-metal (ROM) UHF tags and water-friendly tags, which typically use a substrate to 
separate the tag from the commodity and in some cases, even use the metal to help improve tag readability. 

Yes, low-frequency (LF) and high-frequency (HF) RFID fill valuable niches, like tracking livestock, access control, and secure 
payments. But, a company that wishes to do commerce globally must adhere to the universal standard. That said, in certain 
applications, the RFID tag must be durable enough to withstand the logistical pressures of, for example, a bouncing truck, a rattling 
conveyor, heavy rain, or harsh desert conditions.   

Advancements in RFID technology have resulted in significant improvements in the performance of passive UHF tags. Today, anyone 
can read a passive RFID tag on metal from over twenty five (25) meters away if the proper tag, reader, and antenna are used.  

This benchmark report not only definitively proves that passive UHF tags can work on, or near, metal, it also gives you the 
knowledge you need for a successful implementation and should instill greater confidence when making purchasing decisions. 
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What is a Durable Passive UHF RFID Tag? 
 

Defining Durability 
To be considered “durable,” an RFID tag must be designed specifically to withstand challenging environmental operating conditions, 
both indoors and outdoors, including extreme cold, extreme heat, and wet environments. It must withstand high vibration, hard 
hits, fungus and gnawing rats—among numerous other threats.  

More specifically, for an RFID tag to be considered “durable”, it should have 
an IP (Ingress Protection or International Protection) Rating1

Two forms of durable RFID tags are metal-mount tags (sometimes called 
“read-on-metal” or ROM tags) and submersible tags, which are sufficient for 
most uses. Some common uses are in tracking metal containers (like oxygen 
tanks), plastic containers and totes (which sometimes embed metal in the 
plastic for reinforcement), and for security (see sidebar). 

 (defined in 
international standard IEC [International Electrotechnical Commission] 60529, 
“Degrees of protection provided by enclosures”), which provides 
standardized measures for durability.  All of the RFID tags evaluated here 
have an IP rating, except for one.  

Environmental Tests 
Environmental tests and standards ensure that the tag provides, both in 
storage and in use— 

1. Temperature resistance; 
2. Water resistance; 
3. Dust resistance; 
4. Immersibility.  

 
IEC 60529 defines degrees

  

 of environmental resistance. Some tags are more 
durable than others. One may be rated to withstand dripping water, while 
another can withstand a powerful jet of water—useful if it is on a railcar that 
gets power washed. One is rated to withstand immersion up to 1 m, while 
another can go to several meters, which is useful in marine environments. 
One may allow some ingress of dust (like you’d see in a job shop) without 
affecting performance, while another is hermetically sealed, so is useful in 
desert conditions like military logistics in Iraq.  

                                                                 

1 See Appendix A: IP Ratings Explained 

Applications for Durable 
Passive UHF RFID Tags 

Durable Passive UHF RFID Tags are used 
for numerous purposes, but most 
commonly for wireless identification and 
tracking of: 

1. Any asset that contains metal 
(e.g., oxygen tanks, beer kegs, 
rail cars) 

2. IT assets such as laptop 
computers, desktop computers, 
rack-mounted servers, network 
equipments, and portable 
electronics 

3. Durable  goods 
4. Work-in-progress (WIP) 

management  
5. Containers and totes (both 

reusable and disposable) 
6. Agricultural products 
7. Healthcare and pharmaceutical  
8. Security  

o Anti-theft and anti-
counterfeiting 

o Covert placement of 
tags 

9. Embedding tags 
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Washing and Sterilization 
The Desert in Iraq is a harsh environment—so too is an Autoclave or an industrial washing machine.  

Industrial laundry is a case of the most extreme conditions, between caustic chemicals and high temperatures that occur during 
wash and dry cycles.  Healthcare operations, medpharm companies and semiconductor makers are just three types of organizations 
that typically issue uniforms, and wash and sterilize those uniforms at temperatures up to 250°F (121°).  

Healthcare providers and medpharm companies might also call for sterilization, in an Autoclave, or with infrared or gamma rays. The 
Autoclave sterilization device reaches temperatures of 250°F (121°) and pressures of 2 atm., through which no average electronic 
device can endure.  But, an IEC-rated durable RFID tag can.  

Shock and Vibration 
Consider totes bouncing along a conveyor, pallets rattling around the back of a truck, or pallets hefted around by lift trucks in a 
warehouse. Or, a piece of rental equipment (like a woodchipper) hauled onto a trailer.  The delicate, wire-thin antenna and 
connections of a passive RFID smart-label cannot hold up without some kind of protection. 

As the Material Handling Industry of America (MHIA) describes it, “material handling and logistics is the movement, protection, 
storage and control of materials and products throughout the process of their manufacture and distribution, consumption and 
disposal.”2

A durable RFID tag must be able to withstand rigorous vibration and shock testing, per IEC 60529, and military standard MIL STD 
810-F and BS EN 60068-2 (see glossary). The testing method involves a vibrating table which simulates these conditions.  

 

Passive and UHF 
The durable RFID tags evaluated in this report are all passive UHF tags.  

Passive tags contain no battery or energy source of their own. They gather their energy from the RFID reader. This makes them more 
economical, because they do not need a battery.  This also gives them a longer life than a battery-powered tag that will eventually 
lose its charge.  Battery powered RFID tags use either disposable or rechargeable batteries.   

They are also ultra-high-frequency, or UHF tags, as opposed to low-frequency (LF), or high-frequency (HF), or other available 
frequencies. UHF (860 MHz to 960 MHz) is the preferred global frequency spectrum for passive RFID tags in supply-chain operations. 
The ISO 18000-6C standard is recognized world-wide.  

  

                                                                 

2 www.mhia.org 
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The Durable Passive UHF RFID Tags Evaluated 
In this report, we evaluate six commercially-available durable passive UHF RFID tags: Three specifically tuned for optimum operation 
in regions adhering to US FCC certifications and three tags designed for balanced global operation. 

Manufacturer / 
Product Name 

Integrated Circuit / 
Tag Data Capacity 

(bits) 

Regional Optimized 
Frequencies 

(MHz) 

IP Durability / Operating 
temp / Shock / Vibration 

Ratings 
Dimensions (mm) / 

Attachment Methods 

Confidex Ironside™ FCC 
 

NXP UCODE G2XM 
240 (standard) 
512 (extended) 

865-869 (EU) 
902-928 (US) 
952-955 (JPN) 

IP68 
• -40°C to +85° 
• JESD22-B103B,  
• RTCA DO-160 

Rev E 8.5 

51.5 x 47.5 x 10.0 mm  
 

• Screws (size M4); 
• Pop rivets (size 4 

mm);  
• Silicone sealants; 
• 3M 300LSE 

acrylic adhesive 
Confidex Survivor™ FCC 

 
NXP UCODE G2XM 

240 (standard) 
512 (extended) 

885-869 (EU) 
902-928 (US) 
952-955 (JPN) 

IP67 
• -35°C to +85°C 
• JESD22-B103B, 

service 
condition 2 

224 x 24 x 8 mm 
 

• Cable ties (metal 
or plastic) 

• Screws (size M5) 
• Pop rivets (size 

4.8 mm) 
• Silicone sealants 

Intermec IT65 Large Rigid 

 

Impinj Monza 
96 (standard) 

860–960 (Global) • -40° to +121° C 3.2 cm x 14.27 cm 
• Screws or rivets 

(size .61 cm); 
• Double-sided 

adhesive strips 
Omni-ID™ Max ABS US 

 

Alien Higgs 2 
512 (standard) 

866–868 (EU) 
902–928 (US) 

IP68 
• –20 to +55 °C 
• MIL STD 810-F 
• BS EN 60068-2 

104 x 33 x 8.4 mm 
 

• Manual (std.) 
• Fim Adhesive 

(opt.) 
• Foam Adhesive 

(opt.) 

Omni-ID™ Max HD ABS 

 

Alien Higgs 3 
512 (standard) 

860–960 (Global) ABS: IP68 
• –40 to +65 °C 

PC: IP67 
• –40 to +100 °C 

Both: 
• MIL STD 810-F 
• BS EN 60068-2 

140 x 66 x 14 mm 
 

• Manual (std.) 
• Foam Adhesive 

(opt.) 
 

Omni-ID™ Ultra Alien Higgs 3 
512 

860–960 (Global) ABS: IP67 
• –40 to +65 ºC 

PC: IP65 
• –40 to +100 ºC 

Both: 
• MIL STD 810-F 
• BS EN 60068-2 

210 x 110 x 20.8 mm 
 

• Bolt or Rivet 
• Foam Adhesive 

(opt.)  
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Important Notes Regarding the RFID Tags Evaluated In This Report 
When obtaining tags to include in our evaluation, some tag manufacturers did not respond to our requests for tags while others 
responded after our tests were complete.  Our policy is not to evaluate an RFID tag unless we can purchase at least quantity 100 and 
have the tags delivered within two weeks.  The tags we have elected to include are ALL commercially available tags and our team 
knows of at least two (2) production systems in which the tags are being used. 

Our team tried contacting Intermec to determine if the Intermec IT65 Large Rigid has an IP rating.  However, none of our calls or e-
mails were returned.  Once this information is obtained, we will provide it in a future version of this report. 

Additionally, several new tags were released in limited quantities after our testing was complete.  Our intention is to also include 
those tags in a future version of this report. 

If your company offers commercially available RFID tags and would like our team to evaluate them in future benchmark reports or 
possibly in an episode of our syndicated video series, then please contact us using the information provided on the last page of this 
document. 

Our Passive RFID Durable Asset Tag Performance Benchmark Tests 
Four comprehensive sets of tests were performed to determine how well each RFID tag performs in real-world use-cases: 

1. Vibration Survival Tests  

2. Supply Chain Logistics Operations Tests: Mixed Pallets with an RFID Enabled Portal & Handheld RFID Reader 

3. Asset Tracking Tests:  Maximum Read Range Outdoors with a GPS enabled Handheld RFID Reader  

4. Manufacturing Work-In-Progress Tests:  Maximum Read Range Indoors with a Fixed Position RFID Reader  

 
Multiple tags are used in each test in order to account for subtle performance differences between RFID tags. When calculating 
results, the average performance across multiple tags and multiple tests per tag is recorded.  In some results, this may make the 
result appear a bit strange simply because you can’t read half a tag. It’s just the average, not a new interrogation technique. 

In all tests each RFID tag is programmed with a unique identifier to confirm tag programmability operation and to facilitate easy 
identification and differentiation. 
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Vibration Survival Tests 

Test Overview and Configuration 
The purpose of this test was to verify the operational/functional survivability of each tag type after exposure to severe 
transportation/handling vibration. To make that evaluation, our team selected the ASTM D4169 Standard Practice for Performance 
Testing of Shipping Containers and Systems.  ASTM International, originally known as the American Society for Testing and Materials 
(ASTM), is one of the largest voluntary standards development organizations in the world and a trusted source for technical 
standards for materials, products, systems, and services.  The D4169 Standard Practice for Performance Testing of Shipping 
Containers and Systems provides a uniform basis of evaluating, in a laboratory, the ability of shipping units to withstand the 
distribution environment. This is accomplished by subjecting them to a test plan consisting of a sequence of anticipated hazard 
elements encountered in various distribution cycles. The recommended test levels are based on available information on the 
shipping and handling environment, and current industry/government practice and experience. For a detailed description of the 
specific vibration profiles used during these tests, please refer to Appendix 2.   

The RFID tags are attached to two wooden shipping containers also used in the mixed pallet tests and described in more detail 
below. The containers were placed on the vibration table and subjected to 90 minutes each of ASTM D4169 truck and air random 
vibration profiles for assurance level 2. The containers were fenced, allowing them to move and bounce on the vibration table, 
bringing the mounted tags into contact with each other and with the other container. This was our teams’ intention, given that this 
scenario can easily occur during actual transportation operations.  At the conclusion of each vibration profile, the tags were checked 
for operation (readability) and visual damage. 

These tests were performed by the team of RFID experts at the Oracle Advanced Product Testing Lab. During the tests the 
environmental conditions measured an ambient temperature of 72.1°F (22.3°C) and ambient humidity of 32 percent. 

Vibration Table Container / Tag Location Before Test Container / Tag Location After Test 

  

 

Vibration Survival Test Results 
All of the tags tested were fully operational and no visible damage could be found both post Random Truck Inspection and post 
Random Air Inspection.  
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Supply Chain Logistics Operations Tests: 
 Mixed Pallets with an RFID Enabled Portal & Handheld RFID Reader 

Test Overview and Configuration 
The purpose of these tests is to determine how well an RFID tag performs in real-world supply chain logistics operations.  More 
specifically, evaluate the ability of each RFID tag to be read when passing through a fixed portal or scanned with a handheld RFID 
reader.   

These tests were performed by the team of RFID experts at the Oracle Advanced Product Testing Lab. During the tests the 
environmental conditions measured an ambient temperature of 72.1°F (22.3°C) and ambient humidity of 32 percent. 

Assets / Containers Used 
Three different assets / container types were used: 

Military Ammunition Beer Kegs Wooden Containers 

 
  

1. metal containers used for storing 
and transporting United States 
Department of Defense Military 
Ammunition; specifically, 4-inch 
rockets; 

2. wood over metal: 
a crate assembled from ½-inch 
plywood using standard crate 
construction methods, within which 
was placed an empty aluminum keg; 

3. and wood (an identical crate of ½-
inch plywood that remained empty). 

 
The tags are placed in various locations including: 

1. directly on the metal containers (on-metal); 
2. on the wooden container near the beer keg (near metal); 
3. and on the empty wooden container (away from metal). 

 
These combinations allow us to obtain a more accurate representation of how the RFID tags are used in actual operations. 
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Configuration of Single and Double Layer Mixed Pallets  
The assets / containers were erected into three different mixed pallets configurations each with the RFID tags placed in different 
locations: 

  

1. Single Layer Pallet 
with all of the tags facing towards the RFID 
reader antennas with no physical obstructions;  

 

 

 

 

2. Single Layer Pallet  
with all of the tags facing away from the RFID 
reader antennas to ensure physical obstruction;  

 

 

 

 

 

3. Double Layer Pallet  
with two metal containers on the 
lower layer and two each of the wood-
over-metal and wood containers on 
the upper layer.  All of the tags are 
facing away from the RFID reader 
antennas to ensure physical 
obstruction.   
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RFID Enabled Portal Tests 
The fixed portal was constructed to represent a 
reasonable and customary single-sided dock door 
configuration.  Although many implementations 
use antennas on both sides of the portal, our team 
elected to use a single-sided portal for a worse-
case-scenario.  As shown in the picture (right) there 
is also acoustic absorbing material behind the 
antennas to prevent possible reflections that result 
faux-improved performance.  

 

Our test team used an Alien ALR9800 reader with two 6dbi Alien circular polarized antennas mounted at 24- and 48-inch heights.  In 
relation to the above pallet configuration diagrams, the RFID antennas are mounted to the left.  See above image 

The Alien reader firmware was the latest available as of date of testing.  Reader transmission power was attenuated to 29dB. 

Each pallet configuration was passed through the fixed portal, by use of a pallet jack, 100 times, for a total of 300 portal passes per 
tag.  Remember, multiple tags are tested.  When a tag is read during a portal pass, it counts as a successful read.  The average travel 
time through the portal is between 19 and 20 seconds. 

RFID Enabled Portal Test Results 
For each test, the team captured two metrics: 

Average # of Successful Reads 
This is the average number of times the tag was read when going through the portal.  

Average Number of Interrogations per Successful Read 
This number is important because it indicates how strong the RFID tag responds to the reader when being read.  The higher the 
number of interrogations per successful read, the better the performance. 

The Average Read Percentage is calculated. 
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RFID Enabled Portal with Mixed Pallet Configuration 1 

Manufacturer / 
Product Name 

Average # of  
Successful Reads 

Average 
Read % 

Average number of 
interrogations per 

successful read 

Confidex Ironside™ FCC 
 

49 48.67% 2.81 

Confidex Survivor™ FCC 
 

90 89.50% 2.29 

Intermec IT65 Large Rigid 

 

100 100.00% 9.08 

Omni-ID™ Max ABS US 

 

98 98.33% 9.08 

Omni-ID™ Max HD ABS 

 

100 100.00% 9.71 

Omni-ID™ Ultra 100 100.00% 15.35 
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RFID Enabled Portal with Mixed Pallet Configuration 2 

Manufacturer / 
Product Name 

Average # of  
Successful Reads 

Average 
Read % 

Average number of 
interrogations per 

successful read 

Confidex Ironside™ FCC 
 

98 98.67% 3.47 

Confidex Survivor™ FCC 
 

23 23.00% 1.22 

Intermec IT65 Large Rigid 

 

100 100.00% 6.43 

Omni-ID™ Max ABS US 

 

100 99.67%3 8.88  

Omni-ID™ Max HD ABS 

 

100 100.00% 7.24 

Omni-ID™ Ultra 100 100.00% 13.28 

 

  

                                                                 

3 This is due to the average across multiple tag tests. One tag was missed in over 900 tag read opportunities. 
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RFID Enabled Portal with Mixed Pallet Configuration 3 

Manufacturer / 
Product Name 

Average # of  
Successful Reads 

Average 
Read % 

Average number of 
interrogations per 

successful read 

Confidex Ironside™ FCC 
 

98 98.67% 5.87 

Confidex Survivor™ FCC 
 

94 94.00% 3.25 

Intermec IT65 Large Rigid 

 

100 100.00% 6.08 

Omni-ID™ Max ABS US 

 

100 100.00% 11.69 

Omni-ID™ Max HD ABS 

 

100 100.00% 8.92 

Omni-ID™ Ultra 

100 100.00% 14.23 
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RFID Enabled Portal Cumulative Results with All Mixed Pallet Configurations 
 
Manufacturer / 
Product Name 

Cumulative 
Average Read % 

Cumulative Average number of 
interrogations per successful read 

Confidex Ironside™ FCC 
 

82.00% 4.05 

Confidex Survivor™ FCC 
 

68.83% 2.25 

Intermec IT65 Large Rigid 

 

100.00% 5.66 

Omni-ID™ Max ABS US 

 

99.33% 9.88 

Omni-ID™ Max HD ABS 

 

100% 8.62 

Omni-ID™ Ultra 

100% 14.29 
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Handheld RFID Reader Tests 
For these tests, our team used an Intermec CN3e Handheld Reader with IP30 add-on passive 
UHF RFID handle.  The firmware was the latest available as of date of testing. 

The handheld reader was used at a distance of 6 feet perpendicular to the length of the test 
pallet. Each pallet configuration was scanned using the handheld reader 50 times, for a total 
of 150 handheld reader scans. 

Handheld RFID Reader Test Results 
Manufacturer / 
Product Name 

Mixed Pallet 
Configuration 1 

Mixed Pallet 
Configuration 1 

Mixed Pallet 
Configuration 1 Cumulative Results 

Confidex Ironside™ FCC 
 

50/50 48/50 47/50 96% 

Confidex Survivor™ FCC 
 

40/50 39/50 35/50 76% 

Intermec IT65 Large Rigid 

 

50/50 50/50 50/50 100% 

Omni-ID™ Max ABS US 

 

50/50 47/50 40/50 91% 

Omni-ID™ Max HD ABS 

 

50/50 49/50 47/50 97% 

Omni-ID™ Ultra 

50/50 50/50 50/50 100% 
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Asset Tracking Tests: 
 Maximum Read Range Outdoors with a GPS enabled Handheld RFID Reader  

Test Overview and Configuration 
The purpose of these tests is to determine the maximum distance an RFID tag can be read using a GPS enabled handheld RFID 
reader in an outdoor environment.  This is the most practical method of locating and inventorying assets in industrial, construction, 
shipping, or yard environments.  By capturing the GPS location of the tag and sending that information via a GSM/GPRS cellular 
connection, real time asset visibility in remote locations is possible. 

These tests were performed by our team of RFID experts.  During the tests the environmental conditions measured a temperature of 
75.9°F (26°C) with a humidity of 32 percent. 

For these tests, we used a CS101 handheld reader by 
Convergence Systems Limited (pictured right).  Additionally, 
our team attached a CS501 add-on module that adds quad-
band GSM/GPRS cellular communication and global 
positioning technology (GPS) to the hand-held. This plug-in 
enables the CS101 handheld reader to capture the GPS 
location of RFID tag reads in outdoor environments and then 
send the data using the same technology as a mobile phone. 

Our CS101 has a linear polarized antenna which provides 
longer read range than a circular polarized antenna, but is 
more orientation sensitive.  If the tags are not in the optimum 
orientation, the handheld must be rotated up to 90 degrees in 
one direction or the other to achieve maximum read range. 

Linear or circular polarized antenna? 

In the real world, when you are looking for something, you’re going to move your handheld reader around to try to find what it 
is you’re looking for. In most cases, it is better to have directional reads because it provides a longer read range. Typically, 
handhelds are used in applications with stacked items so orientation is known. For example, file folders are all stacked properly 
with the tags in the same orientation. Ultimately, always carefully consider your use-cases before choosing an antenna type. 
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Handheld RFID Reader Configuration 
Our team used three different CS101 handhelds, all certified for US FCC, during the 
tests.  For each handheld: 

• The firmware was the latest available as of date of testing; 
• The CS101 comes pre-installed with applications for tag reading, tag 

ranging, and tag inventory, which we used for these benchmarks; 
• The transmit power was set to the maximum of 1W (30dBm); 
• During the test, we did not let the battery charge go below 25% without 

replacing it with a fully charged battery. 
 
In the first set of tests, our team used a section of steel that is similar to a durable 
goods part or raw material. The tag is mounted in the center and slightly 
inset.  This may negatively impact performance but this placement helps 
prevent the tag from being damaged or ripped off as an item moves and is 
common in real-world implementations.  Although we did not bolt the tags 
in place, this is a good example of when it is appropriate to do so. 

 

In our second set of tests, we mounted the tags on a steel trash dumpster, 
which is similar in characteristics to a shipping container. 

We positioned our RFID enabled handheld reader at a distance outside the 
read zone.  We then started the tag search function and slowly moved 
towards the tag.  Once three (3) seconds of continuous tag read was 
achieved, we recorded the distance. 

For each distance measurement, we performed three trials, each trial using 
multiple tags, and did this with each of our handhelds.  That’s over 150 
different tests.  

While reading the tags, we used the CS501 module to capture our GPS 
location. Once we finished a trial, we sent the location information to a PC 
via a GSM/GPRS cellular connection. 

The average of all recorded measurements is presented in the results below. 

  

Measuring Distance Accurately 

When measuring the distance between 
the reader antenna and a tag, our team 
uses professional-grade laser distance 
measures (pictured below).  This allows 
us to align the front of the meter directly 
next to the reader antenna, place the 
laser dot on the face of the tag and with 
the press of a button, we have an 
accurate distance measure with a 
precision of 1/16".  It also accounts for 
angles and open spaces between the 
reader and the tag that a standard tape 
measure cannot.  Plus, the range of the 
distance meter is up to 195 ft.  
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Asset Tracking Test Results 
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Manufacturing Work-In-Progress Tests: 
 Maximum Read Range with a Fixed Position RFID Reader Indoors 

Test Overview and Configuration 
The purpose of these tests is to determine the maximum 
distance an RFID tag can be read using a fixed position RFID 
reader in an indoor environment.  A single antenna 
connected to a stationary reader can be used for reading 
RFID tagged items on a conveyor, commissioning RFID tags, 
as well as work-in-progress applications such as system 
shown in the picture - right. The durable asset tag is mounted 
directly to a steel carrier used in the assembly process of 
durable goods product – in this specific case a vehicle. 

 

For these tests our team used an Impinj Speedway® Revolution 
certified for US FCC.  The firmware was the latest available as of date 
of testing.  We attached one monostatic circular polarized antenna 
and cable (both provided by Impinj) and mounted on a tripod.   

 
We installed the MulitReader application (also provided by Impinj) on a laptop running Windows XP and connected via an Ethernet 
crossover cable.  MulitReader was used for the reader configuration and tag reading for these benchmarks.  The transmit power was 
set to the default value of 30 dBm.  We positioned our RFID tagged item at a distance outside the read zone at the same height as 
the antenna.  We then started the reader and slowly moved towards the tag.  Once three (3) seconds of continuous tag read was 
achieved, we recorded the distance. 

At least three trials of every test were performed.  As with the other tests, different tags were used in order to account for 
production variances. This also eliminates having a really good tag or a really bad tag that skews the results. Although tags may read 
briefly at further distances, each tag must maintain a 3 second read before the distance results are recorded. In some cases a tag 
would be read very briefly at a greater distance than the recorded result demonstrates. Our team selected three (3) seconds 
because it helps to eliminate tags reads resulting from stray reflections that can occur indoors.  The results were captured and the 
averages are calculated and published below. 

These tests were performed by our team of RFID experts.  During the tests the environmental conditions measured a temperature of 
72.1°F (22°C) with a humidity of 29 percent.   
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Manufacturing Work-In-Progress Test Results   
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Overall Benchmark Test Analysis 
 

1. Vibration Survival Tests and Durability 
All of the tags evaluated were able to withstand the shock and vibrations found in truck and air logistics operations.  This 
means they all live up to their manufacturers’ claim that they can hold-up in during transport. 
 
Looking beyond vibration, when you compare the IP Rating and other certifications that each tag has, there are some 
variances.  The Confidex Ironside™ FCC, Omni-ID™ Max ABS US, and Omni-ID™ Max HD ABS all have IP68 ratings, meaning 
they can be used in applications where the tag is immersed in water beyond 1 meter of depth.  The Confidex Survivor™ FCC  
and Omni-ID™ Ultra both have IP67 ratings, meaning they can be used in applications where the tag is immersed in water 
up to 1 meter of depth.  For the majority of applications, either IP67 or IP68 should be sufficient.  The only tag evaluated 
that did not have a published IP rating is the Intermec IT65 Large Rigid.  Our team has used the Intermec IT65 Large Rigid in 
multiple real-world deployments and found the durability to be very good – but that opinion is not equal to a certification. 
 
All of the tags had fairly comparable temperature tolerances for cold, while the Intermec IT65 Large Rigid stands out with a 
+121° C high end temperature rating. 
 

2. Supply Chain Logistics Operations Tests: Mixed Pallets with an RFID Enabled Portal & Handheld RFID Reader 
The Omni-ID™ Ultra and the Intermec IT65 Large Rigid were the only tags that achieved 100% successful reads in every test. 
The Omni-ID™ Max HD ABS achieved 100% successful reads with the fixed position reader in the portals, and 97% with the 
RFID –enabled handheld reader.  When the cumulative average number of interrogations per successful read are examined, 
the Omni-ID™ tags are the clear leaders.  What these test show is that achieving 100% read rates for container tracking 
applications is absolutely achievable even with less than ideal tag positioning. 
 

3. Asset Tracking Tests:  Maximum Read Range Outdoors with a 
GPS enabled Handheld RFID Reader  
When considering how far away an RFID tag can be located from 
a handheld RFID reader, the maximum read distance represents 
the length of the radius of the search area around the person.  
The graph to the right shows the search areas for each of the 
RFID tags tested here.  The gray area reflects the search area of 
the Omni-ID™ Ultra tag, while the yellow band represents the 
Omni-ID™ Max HD ABS – the second place winner for distance.  
The inner bands are the remaining tags. Each of the brown cubes 
represents a shipping container.  Hopefully, this visually shows 
why maximum read distance is so important.  If all of the 
containers were tagged with Ultra’s, an operator standing in the 
center could be audibly directed to the appropriate container 
using the tag search feature of the handheld.  If any of the other 
tags are used, the operator would have to walk up the aisle.  This 
latter method is still much faster than visual or bar code 
inspection, but not nearly as efficient as the former. 
 

4. Manufacturing Work-In-Progress Tests:  Maximum Read Range Indoors with a Fixed Position RFID Reader  
As with the handheld testing, the Omni-ID™ Ultra unquestionably reads further than any of the passive RFID tags tested 
here and so we have graphed the results both with and without the Omni-ID™ Ultra data.  Otherwise the test results were 
fairly consistent with the other tests performed.   



 License # 1005001.3 
May, 2010 ©2008-2010, RFIDWizards.com  

 
This document contains proprietary and confidential information of RFIDWizards.com, Inc. 

Any unauthorized reproduction or use of this information without express written permission is strictly prohibited. 

 23 

Important Considerations When Selecting RFID Tags 
 

Standards: The global standards for RFID tags used in the supply chain are EPCglobal™ Class 1 Gen 2 and ISO-180006-C, which is 

why our team focused our testing on tags compatible with these standards. . These two standards are extremely close to one 
another and interoperate without any problems. 

Geography: In what geographic areas will the tag operate? Different regions of the world have different standards regulating the 

use of radio frequency (RF) emitting products. Standards are developed and issued by international, regional, national, and industry 
specific entities. For example, in the US, there's the Federal Communication Commission (FCC) and the E.U. Council in Europe; The 
Association of American Railroads (AAR) and International Air Transport Association (IATA) have their own standards. The more 
global the standard, the more entities are involved in the development. If you are tagging in the US and shipping to a US destination, 
then a tag suited for US FCC is fine. However, if you are tagging in Asia and shipping products to both Europe and the US, then you 
should consider a tag suited for international operations. 

Keep in mind that the differences between reader operation in the various regions goes beyond what frequency range is used.  
There are differences in emitted power, how the reader hopes between frequencies, and more.  It’s more complicated than many 
realize.  To simply things a little, the below table can give you an idea of what kind of performance you can expect based on tag 
reader combination being used.  For example, row 1 explains that a tag tuned for 902-928 (US FCC) will work best with an RFID 
reader operating within the specifications of 902-928 (US FCC).  The tag will still work in Europe, Japan, and other regions, but its 
performance will not be a good as a tag suited to the region.  A tag tuned for global operation should perform well across all regions. 

Tag Tuning / Reader   902-928 (US FCC) 865-869 (EU) 952-955 (JPN) Other Regions 

902-928 (US FCC) Best Fair Fair Fair 
865-869 (EU) Fair Best Fair Fair 
952-955 (JPN) Fair Fair Best Fair 
Global Operation Good Good Good Good 

 
Tag Size: A larger tag (with a larger antenna) typically provides greater read range and better overall performance. Of course, a 4” 

x 4” tag will not fit on a bottle of aspirin.  It is extremely important to consider the dimensions of the location in which the tag will be 
placed.  

Orientation Insensitivity: Remember, your product may be flipped in different directions as it is traveling. The tag may even 

end up facing down on a conveyor. Some tag antennas are designed for operation in environments where orientation is not 
controlled, such as airline baggage handling. 

Temperature and Humidity: Be sure to note the temperature and humidity extremes to which your products are exposed 

and make sure the tags you select are rated to operate within those extremes. More importantly, double-check the type of adhesive 
used to affix the tag on the product. If your tag is going to get frozen or wet, you don’t want it to come off because it no longer 
sticks.  More details on this topic below. 
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Tag Memory: There are tags that have additional memory capacity that may be used to store 

information such as date of manufacture or expiration. Additional tag memory may be necessary 
in applications where needed information must be stored in the tag because it cannot be 
retrieved using a database lookup with the tag ID. 

Tag Placement: You cannot simply place a tag wherever is 

convenient, and ensure a good read. Some factors that affect tag 
performance are 1) the composite materials of both product and 
packaging (because some materials, like water absorb RF); 2) the 
position of products inside the packaging; 3) how cases and cartons 
build a pallet (see figure).  Tag placement needs to be carefully 
considered not only to ensure performance but to prevent damage.  
The best results require trying different tag placements and testing 
the results.  

Method of Tag Attachment: You may affix a tag mechanically or with an adhesive, 

depending upon the situation.  

Mechanical fixture (using cable ties, screws, bolts, or pop rivets) are the preferred methods of attachment.  They are more reliable 
and less prone to failure, especially in cases of high mechanical stress or variable/extreme temperatures.  Our team has not seen an 
instance where the addition of metal screws or rivets has adversely impacted performance by any measurable amount. 

Adhesive fixture must used when the RFID tag cannot be 
mechanically attached.  It is extremely important not to 
underestimate the importance of the adhesive used to affix 
the RFID tag to the tagged item.  If the wrong adhesive is 
used, the tag will become detached.  

Certain adhesives have a known lifetime until failure.  Our 
team recommends discussing the adhesive used with your tag 
provider to ensure it will meet your specific environmental 
(temperature ratings, impact resistance, and chemical 
resistance) and lifetime requirements. A quality tag provider 
will be able to tell you the specifics.  Here are a few things to 
know before contacting your tag provider: 

What are the composite materials to be affixed to? 

What are the temperature and humidity ranges the tag will be 
exposed to and for how long? 

Will the tag be subjected to washing and if so, what 
detergents will be used? 

On a mixed pallet, the RFID reader 
may "see" only some of the packages 
(pictured in green). One solution is to 
tag pallets; or, to try to ensure that 
RFID tags face outward, although this 
is not always possible. 

Adhesives and RFID Tags 
An adhesive is "a nonmetalic material which is capable of 
joining together substances by means of surface 
adhesion and inner strength". 

Adhesives are created in three different ways: 

1. solvent based adhesives: evaporation of solvent 
necessary after coating; 

2. water based adhesives: evaporation of water 
necessary after coating; 

3. 100% adhesives: drying by cooling or radiation. 
 
RFID tags typically use one of the following: 

• pressure sensitive adhesives (PSA) permanently 
adhere at room temperature (used for labels 
and peel and stick backings) 

• lamination adhesives do not adhere at first, but 
do so after time for drying (used for tickets) 
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Recessing UHF RFID tags in metal 
As this report was being completed our team learned of company that has successfully been able to recess UHF RFID tags in metal: 
Holland1916.  The tags they are using are from Xerafy (see photo right). 

There were a number of challenges their team had to overcome: 

1. Coming up with a design to locate the RFID tag below the 
surface of the metal – the milled recess is key to providing the 
RFID tag with a metal cocoon 

2. Identify a resin that served as a sufficient insulator between 
the UHF tag and the metal RFID carrier to maximize read 
range 

3. Developing a resigning formula that offers maximum impact, 
abrasion, heat, UV and chemical durability – the resin 
formulation is key to keeping the RFID tag in its metal cocoon 

4. Identifying a UHF tag that was small enough and thin enough 
to be placed in a metal RFID carrier without creating too bulky 
or heavy of an RFID carrier – the smaller the cocoon, the 
greater the protection 

5. Identifying a way to print and etch on heavy metal – human 
readability is a huge advantage for adding custom branding 
and liability protection 

 
As we gather more information on this unique process, we will make the information available.  We will include performance data in 
future versions of this benchmark report. 
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The Bottom Line  
Manufacturer / 
Product Name Rating  

Omni-ID™ Ultra 

 

 
The Omni-ID™ Ultra dominated in performance among the RFID tags tested here.  Given 
that it is a global tag, has an IP67 rating, passed MIL STD 810-F, and has excellent 
temperature tolerances, the only reason not to use it is because it doesn’t fit on what 
you’re tagging.  The Omni-ID™ Ultra is ideally suited for both indoor and outdoor 
applications including tracking containers, trailers, durable goods, and WIP 
manufacturing, but not the ideally suited tracking a laptop. Overall, if you have the real 
estate, then this is unquestionably the tag to use. 
 

Omni-ID™ Max HD ABS 

 

 

We had a lot of difficulty selecting our second place winner but ultimately, we had to 
give it to the Omni-ID™ Max HD ABS over the Intermec IT65 Large Rigid.  They are both 
global tags that very performed well across the tests. The Max HD is larger than the IT65 
and outperformed it in both or our maximum read distance tests. What pushed it up to 
second place is the fact that it’s IP rated and has passed both MIL STD 810-F and BS EN 
60068-2 certifications – the IT65 has not. 

Intermec IT65 Large Rigid 

 
 

 
The Intermec IT65 Large Rigid performed well across all of our tests.  Even though the 
IT65 does not have a published IP rating, it has the highest temperature tolerance of all 
the tags evaluated here.  It is smaller than the Ultra, the Max HD, and the Survivor, 
making it easier to place on smaller assets.  Overall, our team feels the IT65 definitely 
earned a bronze metal here. 
 

Omni-ID™ Max ABS US 

 

 

The Omni-ID™ Max ABS US and the Confidex Ironside™ FCC are the smallest tags we 
evaluated and are tuned specifically for operations in regions that adhere to FCC 
certifications.  The Max performed better than the Ironside in all tests and it also had the 
second highest Cumulative Average number of interrogations per successful read 
measures of all the tags.   

Confidex Ironside™ FCC 
 

 

The Confidex Ironside™ FCC is the smallest and has the squarest shape of all the tags 
tested and performed well given its size.  Although we would not recommend it for 
container tracking, the tag should perform well in small spaces. 

Confidex Survivor™ FCC 
 

 

 
Confidex Survivor™ FCC Scored the lowest on the mixed pallet configurations and the 
Intermec handheld reader tests.  Using the CS101 handheld, it only had slightly better 
performance than the Omni-ID™ Max but below the Intermec IT65 Large Rigid.  Given 
that the tag is over 2.5 times the length of the Max, and more than 2 inches longer than 
the IT65, this is extremely disappointing.  There are much better tags on the market that 
take up a lot less real estate. 
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Appendix A: IP (Ingress Protection or International Protection) Ratings Explained  
Simply put—“logistics” means hard handling. A package in transit will be handled hard. It will be snatched up by a 2-ton  forklift, 
thrown onto a truck, hurled onto a receiving dock, sit in 120°F in the desert until a U.S. Army logistics officer authorizes its 
movement to troops, and likely, arrive with crushed corners. Hence, global standards to ensure that the shipment (and the RFID tag 
that serves as a shipment manifest) are intact.  

The IP (Ingress Protection or International Protection) Rating is defined in the International Electrotechnical Commission standard 
“IEC  60529: Degrees of protection provided by enclosures.” While the term “enclosure” typically means some kind of protective 
cabinet, it also describes enclosed devices, like a durable hard-case RFID tag. 

The IP rating system classifies the degrees of protection provided by enclosures for electrical equipment against such rough handling 
and rough conditions as— 

4. mechanical impacts; 
5. contact with hazardous moving parts external to the enclosure (such as fans); 
6. moisture (for example, produced by condensation ); 
7. corrosion; 
8. corrosive solvents (for example, cutting liquids); 
9. fungus; 
10. vermin; 
11. solar radiation; 
12. icing; 
13. explosive atmospheres. 

An IP Rating consists of the letters IP followed by two digits and an optional letter. 
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First digit 

The first digit indicates the level of protection that the enclosure provides against access to hazardous parts (e.g., electrical 
conductors, moving parts) and the ingress of solid foreign objects. A first digit of 0 means no special protection – this is the kind of 
RFID tag you would find in a book, a passport, a retail security tag, and so on. A 6 rating is very durable; it can withstand a very dusty 
environment, or rough handling.  

Level 
Object size protected 
against 

Effective against 

0 — No protection against contact and ingress of objects 

1 >50 mm 
Any large surface of the body, such as the back of a hand, but no protection against deliberate contact 
with a body part 

2 >12.5 mm Fingers or similar objects 

3 >2.5 mm Tools, thick wires, etc. 

4 >1 mm Most wires, screws, etc. 

5 dust protected 
Ingress of dust is not entirely prevented, but it must not enter in sufficient quantity to interfere with 
the satisfactory operation of the equipment; complete protection against contact 

6 dust tight No ingress of dust; complete protection against contact 

Second digit 

The second digit indicates the protection of the equipment inside the enclosure against harmful ingress of water. 

Level Protected against Details 
0 not protected — 

1 dripping water Dripping water (vertically falling drops) shall have no harmful effect. 

2 
dripping water when 
tilted up to 15° 

Vertically dripping water shall have no harmful effect when the enclosure is tilted at an angle up to 
15° from its normal position. 

3 spraying water Water falling as a spray at any angle up to 60° from the vertical shall have no harmful effect. 

4 splashing water Water splashing against the enclosure from any direction shall have no harmful effect. 

5 water jets Water projected by a nozzle against enclosure from any direction shall have no harmful effects. 
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6 powerful water jets 
Water projected in powerful jets against the enclosure from any direction shall have no harmful 
effects. 

7 immersion up to 1 m 
Ingress of water in harmful quantity shall not be possible when the enclosure is immersed in water 
under defined conditions of pressure and time (up to 1 m of submersion). 

8 immersion beyond 1 m 

The equipment is suitable for continuous immersion in water under conditions which shall be 
specified by the manufacturer. 
NOTE: Normally, this will mean that the equipment is hermetically sealed. However, with certain 
types of equipment, it can mean that water can enter but only in such a manner that produces no 
harmful effects. 

Additional letters 

The letters are optional, but designate real-world conditions to which a tag may be subjected—a poke with a finger, a hit by a 
wrench, or heavy rain on the loading dock. 

The standard defines additional letters that can be appended to 
classify only the level of protection against access to hazardous 
parts by persons: 

Level Protected against access to hazardous parts with 

A back of hand 

B Finger 

C Tool 

D Wire 
 

Further letters can be appended to provide additional 
information related to the protection of the device: 
 

Letter Meaning 

H high voltage device 

M device moving during water test 

S device standing still during water test 

W weather conditions 
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Appendix B: Vibration Profiles as defined by ASTM D4169 
TEST QUEUE ID: Random Vibration  
CURRENT PROFILE: ASTM D 4169 Truck Level II 

  

 

TRANSMISSIBILITY: Channel 1  
CHANNEL DESCRIPTION: Table  

 

TRANSMISSIBILITY: Channel 2  
CHANNEL DESCRIPTION: Crate response 
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RESULTS: PRODUCT: RFID Tags  
PROFILE: RANDOM VIBRATION, Truck II ASTMD4169  
NOTES: 90 minutes @ 100% 

 

TEST QUEUE ID: Random Vibration  
CURRENT PROFILE: ASTM D 4169 Air Level II 

 

TRANSMISSIBILITY: Channel 1  
CHANNEL DESCRIPTION: Table 
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TRANSMISSIBILITY: Channel 2  
CHANNEL DESCRIPTION: Crate response 

 

RESULTS:  
PRODUCT: RFID Tags  
PROFILE: RANDOM VIBRATION, Air II ASTMD4169  
NOTES: 90 minutes @ 100% 
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Glossary of Terms 
 

Acrylonitrile butadiene styrene (ABS) is a thermoplastic used to make light, rigid, molded enclosures. One of the most common ABS 
products is Lego™ building blocks. There are RFID tags that are encased in ABS to improve impact resistance, toughness, and 
water/heat resistance. ABS products are typically given an IP rating for durability.  

BS EN 60068-2 is a British-Adopted European Standard version of the international standard IEC (International Electrotechnical 
Commission) 60068 Part 2 which defines basic environmental testing procedures for electronic components and electronic 
equipment, including tests to determine the ability of components, equipment or other articles to withstand rapid changes of 
ambient temperature. 

Metal-mount tags are typically UHF RFID tags with a substrate (usually ceramic) that separates the tag from the metal. UHF tags are 
subject to reflection of radio waves and misreads, a problem which a few millimeters of separation with a substrate solves. So, users 
can take advantage of the longer read ranges of UHF, and use the UHF standards (like EPCglobal Class 1 Generation 2), versus using 
the more metal-friendly high-frequency (HF) tags. 

MIL-STD-810F or Military Standard 810F is a standard approved for use by all Departments and Agencies of the United States 
Department of Defense (DoD) which defines chamber test methods that replicate the effects of environments on materiel.  RFID 
tags which have passed MIL-STD-810F testing should afford greater confidence in the environmental worthiness and overall 
durability of tag design.  For more information on this standard, visit the US Department of Defense Test Method Standard website 
at http://www.dtc.army.mil/navigator/ 

Orientation is the relative position of a package (e.g., upright, on its side, upside down). Orientation can affect tag reads. Orientation 
matters little in baggage handling (where orientation is fairly uncontrollable), but matters in tracking work-in-progress on a 
conveyor.  

Passive RFID tags contain no power source; rather, they gather power from the RFID reader. They generally provide a lower read 
range than an active (battery-powered) tag, but are more economical. And because it is impossible to replace the battery in a 
hermetically-sealed hard tag, a passive tag is the more practical choice. Also true, improvements in technology have yielded passive 
tags that approach active-tag read ranges; the gap is closing between these technologies.  

Placement is, simply put, the placement of an RFID tag on a carton, pallet, tote and so on. Like orientation, placement can affect tag 
readability. A tag placed behind a water-heavy product (like a crate of oranges or bottles of soft drink ) is far less readable than one 
sitting on top of the carton, with airspace between it and the produce or bottles.  

Polycarbonate (PC) is a thermoplastic polymer, like ABS. It is a hard, rigid plastic commonly used to encase durable RFID tags, by 
such vendors as Avery Dennison and Omni-ID, and used fairly interchangeably with ABS. Some common uses are in CDs, plastic 
drinking ware, toys and sunglasses.  

Read-on-metal (ROM) tags are suitable for use on metal containers, like beer kegs and gas cylinders. A UHF ROM tag typically uses a 
substrate (usually ceramic) to separate the tag from the metal.  

Submersible tags are durable, IP-rated tags suitable for marine or other wet environments. Ratings are typically for up to 1 m, or 
more than 1 m. These tags are usually, but not always, hermetically sealed.  
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About The RFID Network 
The RFID Network is a an authoritative resource for in-depth articles, videos, product reviews and benchmarks on wireless RF sensor 
technology (Radio Frequency Identification / RFID, Real Time Location Systems / RTLS, ZigBee), including RFID tag chip circuits, RFID 
tags, RFID system design, RFID tracking, RFID security, RFID standards & regulations.  

The RFID Network website features in-depth articles and videos with entire sections dedicated to: 

• What is RFID? 
• Best Practices & How-to Guides 
• Product reviews and benchmarks of: 
• RFID tag chip circuits & RFID tags; 
• RFID reader chips, modules, fixed position, mobile, & handheld readers 
• Best-in-Class products 
• and a Discussion Forum (RFIDTalk.com) 

 
For more information about The RFID Network, please visit us on the web at http://RFID.net 

The RFID Network 
601 Almarida Drive Building N Suite 6 
Campbell, CA 95008 United States of America 
Phone: + 1 408 768-RFID (7343) 
Email:  info@rfid.net 

 

About Our Team of RFID Experts That Made This Report Possible 

About the Oracle Sun Microsystems Advanced Product Testing Lab 
Established in 1982, the Oracle Sun APT Lab in Longmont, Colorado, offers one of the widest ranges of testing services in the United 
States, as well as engineering and consulting services. Our state-of-the-art facility and team of dedicated, knowledgeable 
professionals provide expedient testing services to the aerospace and defense industry – including comprehensive dynamic, climatic, 
and RFID testing and consulting -- throughout the product life cycle.  APT Lab employs the use of vibration, shock, altitude and 
temperature/humidity test machines to perform evaluations on products and package systems. All are designed, built and utilized to 
perform testing in accordance with ITAR, NEBS, ASTM, ISTA, MIL-SPEC 810, RTCA/DO-160, UN/DOT HAZ-MAT and other 
specifications. APT Lab has been audited, approved by, or is a member of the following agencies, associations, and corporations: 
DOT/United Nations (Department of Transportation), IOPP (Institute of Packaging Professionals), ISO 9001 (International Standards 
Organization), ISTA Certified (International Safe Transit Association), ITAR (International Traffic in Arms Regulations) - 22 U.S.C. 2778 
of the Arms Export Control Act and ITAR 22 CFR 120-130 compliant, and ISO/IEC 17025:2005. For more information, visit 
http://www.sun.com/aptesting/ 
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