NEW Packaging SysteMS

SHRINK PACKAGING
     Shrink films are usually thin biaxially oriented films which shrink back to their original size when exposed to relatively temperatures.  They can provide 40% - 50% shrink characteristics.  They are used in consumer packaging to bundle items or to provide tamper evident viewable packages.  Despite several unique advantages for packaging electronics parts, subassemblies and finished goods that include overall package cost effectiveness, tamper evidence and immobilizing parts, antistatic shrink film has been generally considered novel in this industry.  One reason for the novelty is that, while general consumer shrink films are well known, a genuine antistatic shrink film is a relatively recent development.  In the late 1980's Cryovac pioneered the first anti-static (dissipative?) shrink film.  The Cryovac shrink film was a three layer coextruded film with clean surfaces made of unloaded and uncoated EPC (ethylene Propylene Copolymer).  This film used a dissipative core to provide a film with excellent surface cleanliness and shrink properties combined with suitable ESD properties.  Even though its surface resistivity was on the order of 1E13 Ohms/sqare, it had good static decay and tribo properties. 

      Several companies began to use the film using L-bar sealers and shrink tunnels to automate their packaging.  In January of this year Cryovac withdrew from the ESD market taking its EP films out of production.  As of the timing of this tutorial, two companies have entered the market with good replacement films and in some cases with better properties.  They are National Metallizing and SYFAN.
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Figure 1.  Antistatic Shrink Wrapped IC Bundle
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      Multi-ply static dissipative shrink films are produced by coextrusion where several molten resin layers are simultaneously combined into cohesive concentric layers in a single die.  These layers exit in a relatively thick tubular shape and via a combination of quenching, reheating and orienting steps are greatly expanded in area into a thin film with heat shrink capabilities.  This multi-ply structure means that each layer may be tailored for a specific job.  The Cryovac shrink film's heart was the core layer of specially compounded antistatic additive resin.  This combination was chosen for its relative chemical compatibility which greatly retarded any tendency for additive migration (Figure 3).  The outer layers provide non-contaminating clean surfaces, physical strength, heat sealing and shrink properties.  Each layer will do its own job within the overall structure because all are inherently cohesive.

[image: image3.png]DISSIPATIVE CORE

THIN CLEAN SKS




Figure 2.  Cryovac Coextruded Shrink Film
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Figure 3. Dissipative Loaded / Coated Shrink Film 
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Figure 4. Coated Shrink Film

Lab Results

Extensive testing of static dissipative shrink films have shown they has good ability to dissipate static charges as well as bundle the product being packaged.  For these reasons, the antistatic shrink films are considered safe for a wide variety of uses.  The original Cryovac film was tested by several companies including Motorola.  The new shrink films have had extensive testing commissioned by Motorola to assure themselves that the films are a suitable replacement for the Cryovac film. 

Device Testing

Dr. Michael Bridgewood of the Clemson University ECE Department was commissioned to investigate ESD packaging material effectiveness via FET device damage.  To do this, 2N4351 enhancement mode discrete unprotected MOSFETs were mounted on special printed circuit boards. These boards had extensive comb-like paths connected to the various pins of the 2N4351 so that any static charges generated by motion or handling would be transferred to the devices.  These transistors are well known for high susceptibility to electrostatic discharge damage, in the range of 150-250 volts.  The 2N4351s were characterized before and after with a Hewlett-Packard HP4145A parameter analyzer in the university's clean room annex with controlled temperature and humidity.  After initial characterization, five of the assemblies were placed in shrink film bags and subjected to simulated handling on a shaker table moving approximately three inches horizontally at 140 cycles per minute for two minutes.  This provided an opportunity for triboelectric charging between the PC board and packaging film.  When the 2N4351s were retested, no damage was found.  All the results lay within the parameter analyzer tolerance. One general conclusion is that the film did not contribute to any static related failures.  


Because lab test methods and conditions cannot fully answer a question as significant as surface resistivity, extensive field testing of devices was called for.  


Motorola's Bill Duncan, Senior Packaging Engineer, designed a bundle package for bulk shipment of chips in rails  (Figure 1).  This package represents a cost savings of roughly 32% over a foil bag.   However, given the value of chips, any packaging savings are worthless if any significant number of chips are damaged.  


Extensive lab tests were done at Motorola to compare two packaging concepts.  Two bundles of five hundred chips with four sensitive quad FET chips in each, a total sixteen sensitive circuits per bundle.  These FET chips were placed on the corners.  One bundle was shrink wrapped and the other placed in a high quality metallized bags.  These bundles were then subjected to human body simulator discharges on the corners.  The chips were then tested for failures and survivors retested at higher voltages.  The results are presented in Table 1.  The results were that the clear shrink packaged products were  actually protected  as well as in the metallized bag for a fraction of the cost.  




                              TEST VOLTAGES



                                             4K     6K       8K      10K      12K     15K      20K
SHRINK FILM                     0         4       3(7)*     2(9)     2(11)    3(14)   2(16)
METALLIZED 

BAG                                      0         0          9         0(9)     6(15)    0(15)   1(16)

                                     *( ) indicates cumulative failures

Table 1.  Failure Comparison for Two Packaging Systems

These tests were followed up by sending shrink wrapped bundles of characterized chips to four different locations, one in the US, one in Europe and two in Asia.   A total of 11,712 MC-14503 inverter driver C-MOS circuits with a known ESD sensitivity of 600-1000 volts were used along with 288 2N4351 MOSFETs with 150-250 volt ESD sensitivity were bundled into 24 total packages like those in Figure 1.  The 2N4351s were placed at the most static sensitive locations, the corners and midway on the bundle edges.  The rail ends are physically open and susceptible to static damage; the bundle is most likely to be picked up in the middle.  These bundles were air freighted to their destinations, "handled" through normal plant routines fifty times and shipped back to the originator.  


All the chips were then retested.  No damage or failures were found with the MC-14503 chips.  Of the 288 2N4351s, eight current leakage failures were found for a  2.7%  failure rate or 0.07% of the total.  Normal failures for 2N4351s in the old packaging is approximately 4%.  Shrink packaging is a significant antistatic improvement and a major packaging cost savings.  


Further tests on  tray packaged PGA circuits were accomplished for all  ESD shrink films with similar results.  The ESD protection principle is one of air gap not shielding.  The bundles of IC rails offer good ESD protection themselves.  The shrink film just holds them together without adding any damage by charge generation.  The shrink film provides the ESD event wall against which any static discharges will occur when the product is handled.  It is by its function separated from the product by some distance providing the air gap.  In laboratory tests, an air gap of 1/8th inch or greater provides very good "shielding" attenuation to ESD events.  With good package design, the use of shrink films can show effective costs savings in an automated packaging system.


The use of air gaps in boxes and thermoformed packages is also effective as an attenuation technique or shield.  Anytime the effective distance to a packaged product  from the point of an ESD event can be increased, the protection goes up essentially by the square of the distance.  This concept can be designed into any package whether it is retail or industrial. 


The following table shows the results of the shrink film tests for electrical and physical properties:

SUMMARY OF TESTS RESULTS ON Shrink Films
Characteristics
Test Method
Specification Limits
SYFAN

SP5
Nat. Met
049-2

CRYOVAC
 EPD 512





  Electrostatic  Decay Rate
     Before Shrink
     After Shrink
FTMS 101C
Method 4046.1
Mil-B-81705C
< 2 secs.
0.1 seconds

0.2 seconds
0.05 seconds

0.03 seconds
1.0 seconds

1.5 seconds

  Surface Resistivity
     Before Shrink
     After Shrink  
ASTM D-257
Mil-B-81705C
EIA 541
Mil-B-81705C
EIA 541
< 10 12 /z
 7 X 10 10 /z
 7 X 10 10 /z
3 X 10 10   /z
 1 X 10 10   /z 


10 14   /z
 10 14   /z 



 Volume Resistivity
     Before Shrink
     After Shrink  
ASTM D-257
Mil-B-81705C
EIA 541
N/A
--

--
10 13- 10 14   cm
--

> 10 14   cm
 > 10 14   cm 


 Shrink/Seal
--
N/A
excellent
excellent
good to excellent

 Optics
--
N/A
very clear
very clear
clear

 Micropscopic Analysis
& Misc. Observations
Optical @ 100X
N/A
Monolayer/ coated
& loaded

Monolayer/

2 side coated

3 layer coex
no additive in skins

Physical Properties
the following data are from the manufacturers data sheets

 Thickness
--
N/A
1 - 1.5 mil
1 - 1.5 mil
1 - 1.5 mil

 Widths
 (at time of tests)
--
N/A
40" single wound
20" centerfolded
60+" single wound
30" centerfolded
52" single wound
26" centerfolded

Coefficient of Friction
D-1894
N/A
0.4
0.22
0.4

 Gloss
D-2457
N/A
85%
170%
85%

Highlights of Section

The idea of not always using metal shields may be uncomfortable with some end users.  However, it is similar to one wearing a bulletproof vest all the time because he or she enjoys being in a hail of bullets.  It is much better to put a little distance from the shooter and the body.  No matter how good the vest, it always hurts. 


ESD shrink film has been shown to be an effective packaging system suitable for electronics components, subassemblies and finished products.  Lab testing has considered electrical properties, metal corrosion and polycarbonate compatibility.  In lab tests with the historically accepted static decay times, the results more than meet the original criteria, less than two seconds.  For chips tested under lab and field conditions, the antistatic shrink films' static protection compares favorably with other well-known materials.  The costs are very favorable compared to conventional static protection films and bags.  It has been shown that a few cents of shrink film automatically or semi-automatically applied can replace several tens of cents of shielding bags hand packaged.

Air Cushioning / Static Shielding/ Moisture Barrier /Desiccating Package

 In today's politically correct society the old methods of packaging have been called into question.  More pressure from governments and action groups have been brought to bear to reduce the amount of packaging used and also to reuse the packages as many times as possible.  These concepts make good economical sense as well.  If a bag is used twice instead of once, its effective cost is halved.  If a packaging system can reduce the amount of materials used, not only are the land fill ramifications reduced but also the costs of warehouse space.  Metal laminate packaging materials being land filled are less desirable than pure polymer combinations.  Larger companies today must not think of what is legal to land fill in 1994.  They must consider what in the future will be legal to have land filled in the past.   The less volume land filled today the less concern for the future.


A major integrated circuit manufacturer, Motorola Semiconductors, had some of the same problems with the packaging of its sensitive integrated circuits as most manufacturers.  Many of its components are sensitive in several ways: 

1)   To moisture

2)   To electrostatic charges and fields

3)   To physical shock

Moisture sensitivity of integrated circuits is exhibited in the integrated circuits absorbing water vapor during shipping and storage.  This water vapor would essentially erupt out of the case ( "pop corn-ing" ) when the IC was run through the reflow soldering process.  This would crack the epoxy casing of the IC and lead to corrosion and other modes of failure.  Failures would vary from batch to batch. However,  the ability to catch the failure was at best poor and therefore the quality at the user was compromised. 


As  IC's become faster and therefore smaller,  manufacturers  have had to tolerate components with increasing sensitivity to Electrostatic charges and fields.  Some components can be damaged by as little as 100 volts.  However, in most protection designs,  many circuits are sensitive to only several hundred volts.   Once a package of IC's leaves the static controlled area of the manufacturer, it must go into the unprotected world of the common carrier. This means that the package could be subjected to static field levels on the order of several thousand volts.  If the package were not of an electrostatic dissipative and shielding type, the failure rate of the integrated circuits would be very high.  Failure rates on the order of 60% would not be uncommon. IC's  which are packaged in static protective packaging made from metallized laminate films or papers  have  little package viewability.


Surface mount type integrated circuits with high pin counts such as manufactured in the pin-grid-array style are sensitive to physical shock.  As the number of pins on an IC increase, the spacing of those pins decrease.  These pins must be able to be automatically located on the circuit board with very high precision.  If a shock is felt by the IC exceeding its tolerance level,  the pins may be knocked out of alignment and not line up properly on the solder pads during placement.  This alignment or parallelness of the pins is called coplanarity.  Static dissipative foams, bubble films and other cushioning materials have been used in the past with some measure of success.  However, the failure rate using these materials can be as high as a few percent.   A few years ago air cushion bags began to be used for  IC's with the most physical shock sensitivity.  These air bags were used as dunnage in the outer package of  shipments.  The IC's trays, rails and reels were still packaged in barrier bags then placed in boxes with air cushion dunnage bags.


As these IC's are shipped from country to country during manufacturing and then to their end user,  there is a need for customs agents to be able to inspect the packages without opening and thereby compromising the storage state and quality of the component.  During storage in the distributor's and the end user's warehouse the storage condition may from time to time need to be verified by determining the humidity level present in the closed package.  These operations are difficult or impossible to do with most present moisture barrier and electrostatic shielding packages due to their opacity.  Some packages have strategically placed transparent windows in the system to allow some measure of inspection of the product or humidity indicator without opening the bag.  The problems with windows in barrier packages are:

1)  Cost, a window bag has some hand assembly operations leading to much higher costs  than a standard flat barrier bag.

2)  Electrostatic shielding integrity,  in the window area there is little or no shielding.

3)  Moisture barrier integrity,  the window material is usually not as good a barrier as the rest of the bag.  Also, the seals around the window may introduce sources of leaks.

4)  Opacity, even though there is a window, it may not be in the right place or be large  enough to see the product and the humidity indicator.

Most moisture barrier packages use either metal foil layers or a combination of high barrier polymers and heavy metallized layers to maintain electronic parts and components in a dry storage state.  Metals and to a lesser extent some very dense polymer materials have in the past been the only suitable barriers to moisture vapor.  Similarly for  shielding packages, in order to keep electrostatic fields from damaging the electronic components most packages use metal layers in some form as a highly conductive barrier to those fields.  Electrostatic fields can not penetrate true Faraday shields.  Closed packages in the form of bags and boxes closely approximate this type of shield and allow only a very small fraction of the electrostatic energy inside.  


The need for metal in these types of  package has always been preferred because metal was the only truly flexible barrier material.   The need for transparent and truly reusable shielding / moisture barrier bags has long been a desire of the electronics industry for the reasons given above.  It is also environmentally responsible to reduce the packaging volume and provide a reusable solution.


A joint effort by Motorola Semiconductors and Air Packaging Technologies lead to the development of a protective packaging system  which uses desiccating air channels surrounding  the product to cushion and protect it, provide electrostatic shielding and moisture barrier both with and without desiccants.  The system as it was conceived would do away with the individual components used in the combination packaging of integrated circuits.  It would combine all the aspects into one package thus reducing not only the volume of packaging materials used but also reduce the costs per use.  


A packaging system was specified  which would have the following features:

 1.
See-through for identification purposes

 2.
Reduction of storage space

 3.
Non-degradable and  non-hazardous materials

 4.
Reusable 

 5.
Reduction of the packaging material volume

 6.
Electrostatic Dissipative

 7.
Electrostatic Shielding

 8.
Moisture Barrier

 9.
Shock Protective

10.
Increased Cost Effectiveness

An  air inflatable package  was  modified to provide the moisture barrier and static shielding properties in a more significantly cost effective cushioning system.  The  package enclosed an item in an air cushioned sleeve.  


Manufacturers package  integrated circuits in many styles of packages from IC rails to tape & reel to trays.  The project leading to the development of the air cushioning packaging system  was for JEDEC type trays for the pin-grid- array style of integrated circuits.  These circuits are somewhat sensitive to moisture take up by the epoxy casting which leads to problems during reflow soldering.  The entrapped moisture may turn to steam and rupture the IC package especially near the pins leading to corrosion problems and  premature failure. 


The newly designed package also provided all the primary needs ( static shielding, static dissipation, moisture barrier and cushioning ) in one system.


Moisture barrier packaging has been around for a very long time.  The primary uses include the protection of metals from corrosion, foods from degradation and electronics from corrosion and water absorption.  Static shielding packaging also has been around for many years.  The primary purpose is to protect sensitive electronic devices from static damage.   Air cushioned bags were introduced several years ago to provide cushioning in a reusable, environmentally responsible package.  Air cushion packaging systems eliminate 90 % of the package volume when deflated for reuse, storage or disposal.   The use of air gaps as static shields has been previously reported by experts in the ESD field.  The air channels of the new packaging systems provide the air gap for static shielding  as well as a volume for  desiccating gases . 


During the development with  it was  shown by moisture transmission tests that the air channels of this packaging system provide a moisture barrier without any metals, metallized layers or high barrier polymers.  When the air channels are filled with a desiccating gas such as dry air or nitrogen, the package provides an excellent barrier package  according to  many specifications.  When a package or loose fill of silica gel desiccant is placed in the air gap, the package provides a moisture barrier which is at least two (2) times the limits of most specifications. It was also shown  by device failure tests as well as by the ESD Association's EOS/ESD S11.31 Static Shielding test method that this type of package's air channels  provide sufficient air gaps to shield static sensitive products.  


The  concept of using air channels as the basis for moisture barrier packaging is very new in the industry.   This type of packaging system was tested according to ASTM F-1249.90  for its barrier properties.  The results are shown in the "Test Results" table and range from 0.015 grams for dry air to 0.009 grams for desiccated air.   Although the specifications for moisture barrier are given in grams of moisture per 24 hours,  these tests had to run over two months to get enough moisture inside the bag to measure the results.  The air channel moisture barrier concept allows the  level of barrier desired  in a package to be tailored for moisture protection during the storage of products.  If  good moisture barrier is desired,  dry air should be used as the inflation gas.  If  a better barrier for longer storage is desired , dry nitrogen or another dry gas should be used as the inflation medium.  For the best barrier the  use of dry nitrogen plus a desiccant in the air channel optimizes the packaging system.


The  packaging system was tested for static shielding according to the ESD Association ESD S11.31 Capacitive Probe - Energy  test method  at an outside  laboratories.  This test replaced the old Capacitive Probe - Differential Voltage test used in some military specifications and described in EIA 541.  ESD S11.31 has been shown to be more correlatable to actual device failures.  Under this test method most good uncrumpled static shielding bags have an detected energy of  less than 10 nanoJoules but may have as high as 60 nanoJoules  inside the bag after several uses.  In the tests on this  system the levels were less than 0.03 nanoJoules @ 12% RH and 0.13 nanoJoules @ 50% RH..   Since the air gap provides the majority of the electrostatic shielding, the reuse of the system does not degrade its efficiency.


The  system was also tested for  actual device failure using  2N4351 PGA MOSFET integrated circuits.  These tests were performed on location.  The sketch in Fig. 1 shows the package which was tested.  Direct discharges from a Human Body Model device were directed to the outer surfaces of the package.  Several packages were tested each with several     2N4351 devices located  near the discharge points. There were no failures of these 150 Volt sensitive devices for direct discharges up to 20 kiloVolts.  These test devices had static sensitivities at least one order of magnitude lower in voltage than any of the devices which are packaged in the JEDEC trays in production.  This exceeds the electrostatic shielding capabilities of most metallized bags.   In fact, testing in standard shielding bags at  these discharge levels would result in some device failures.


The physical protection properties of the packaging system were tested.  These included drop and random vibration  testing.  No problems were noted in any of the tests.  The results are shown in the following  table.  The air cushioning attributes of this packaging system were shown to be excellent.  


The air channel moisture and static barrier concept opens the doors to many  applications where the actual cushion package is a barrier in itself.  No further barrier or desiccants may be required depending on the storage conditions and the time required in storage.  The concept of a deflatable air channel provides better  reuse for packages requiring  this function.  The bag may be inflated, sealed, used, deflated, shipped back or to other end users and reused over and over again.  Two of the three R's  of environmentally responsible packages, reduce & reuse,  are covered  by this package system.


While the main use of this concept is in protective moisture barrier packaging with electrostatic shielding,  the concept of air channel desiccating can also be extended to include the removal of other damaging gases and agents. 

If an oxygen scavenger is used in the air chamber, the amount of oxidizing gas reaching the product is significantly reduced.  Other products  can be used in the air channel to reduce other damaging gases such as hydrogen sulfide.


 With the addition of modern desiccants, dry desiccating gases, reactive gas scavengers, volatile corrosion inhibitors and humidity indicators, this moisture barrier package can provide excellent cost effective  protection under most storage conditions.
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Figure 1. Air Cushion Packaged JEDEC Tray Test Set Up

Air Cushioning/Electrostatic Shielding/Moisture Barrier Package System
Characteristics
Test Method
Typical Values
Specification LIMITS

BARRIER PROPERTIES

Moisture Vapor 

Transmission Rate (MVTR)
ASTM F-1249.90
< 0.015 gm / 100 sq. in. / 24 hrs.       -  Dry Air 

< 0.012 gm / 100 sq. in. / 24 hrs.       -  Dry Nitrogen 

< 0.009 gm / 100 sq. in. / 24 hrs.        -  Dry  Air & Desiccant


ELECTRICAL PROPERTIES

     Electrostatic Decay Rate
FTMS 101C Method 4046.1
   < 0.1 seconds
Mil-B-81705C   < 2 secs.

     Surface Resistance

          Outer Surface

          Inner Surface  

  Surface Resistivity

          Outer Surface

          Inner Surface  
     EOS/ESD S11.11

     EOS/ESD S11.11

ASTM D-257

Mil-B-81705C

EIA 541 
  < 1011       

< 1010  

<1012/sq.
3 X 1010 /sq.
Mil-B-81705C

EIA 541
<1012/sq

Capacitive Probe - Differential volts
     EIA 541  Appendix E
   <  22 volts
Mil-B-81705C    < 30 volts

Capacitive Probe - Energy
    EOS/ ESD S11.31
   < 0.03 nJ @ 12% RH

   < 0.13 nJ @ 50% RH
< 25 nJ generally accepted

     Charge Generation
     Modified Incline Plane
TEFLON ®: -0.03  avg.  nC/sq. in.

  Quartz:   +0.17  avg.  nC/sq. in.

 Shielding of Actual          Devices    (2N4351's  Sensitive to 150 Volts)
  Motorola Tests 
 No ESD Failures  @ 20 kiloVolts

SHOCK PROPERTIES

 Random Vibration
ASTM D 4728-91
No damage after 2 hours

 Drop Testing
ISTA Project 1A
No damage from 30 inches @ 18 impacts

Discussion of Moisture Barrier Packaging
Humidity And Water Content of Air Versus Temperatures

Many of the electrostatic packaging specifications refer to low humidity conditions of 12% ±3% RH at 720 F.  However, several measures of water vapor content need to be explained.


Relative humidity (RH) is defined as the Mole fraction of water vapor in a mixture to the mole fraction of water vapor in saturated air at the same dry bulb temperature and barometric pressure. Basically in measuring RH the temperature of the air is determined by a standard thermometer (dry bulb).  The temperature of saturated air is measured by a thermometer whose bulb is covered by a wet wick and exposed to a stream of air moving at 1000 feet per minute (wet bulb).  These two temperatures are compared on an RH chart and the relative humidity is determined. 


Humidity ratio or specific humidity (W) should not be confused with relative humidity.  These two synonymous terms refer to the weight of water vapor in each pound of dry air.  Specific humidity is the absolute amount of water in the air.


Dew Point (DP) is the temperature at which moisture will start to condense from the air.


While all of these units of measurement may be used to express the amount of water in air, specific humidity is the most appropriate since it is not dependent on the temperature of the air.  Relative humidity is used most frequently because it is the easiest to measure.  However, most of us have a difficult time comprehending the difference of a 12% RH at 720F and 12% RH at other temperatures.  The following table shows the specific humidities for a few selected relative humidities.  These were taken from a psychrometric chart.

SPECIFIC HUMIDITY
Grains of Moisture Per Pound of Dry Air

(grains X 0.065 = grams)


5% RH
12% RH
30% RH
50% RH
70% RH

320F
1
2
8
13
18

520F
3
10
17
28
40

720F
6
15
33
58
82

920F
10
27
68
113
160

1020F
15
40
92
156
>220


The gist of the information is that we should be aware that a % RH for one temperature may be a significantly different amount of water in the air than the same % RH for another temperature.  The higher the temperature the more water per pound in air for any given % RH.  It can be seen from the above data that the amount of water in air at 12% RH for 920F is more than 10 times the water at the same RH at 320F. The higher the amount of water, the more likely damage can occur.
Desiccants and Oxygen Scavengers
Desiccants are substances which produce a drying effect.  Typically desiccants which are used in electronics are either silica gels or molecular sieves.  

Oxygen Scavengers are materials which will take the residual oxygen out of the package environment typically by a chemical reaction like oxidation (rust). Iron is an oxygen scavenger.

By removing the water vapor and oxygen from the atmosphere of the package, these materials remove the detrimental effects of these oxidizing agents.

The substances of desiccants and molecular sieves should be kept away from direct contact with the electronic product due to flaking and dusting.

Volatile Corrosion Inhibitors (VCI's)  are chemicals which vaporize in the package and form a protective layer on the surface of the product to prevent corrosion.


These materials coat the product to protect it from the effects of corrosive agents.

Humidity Indicators

Typically cobaltous chloride is used on a blotting paper substrate to make inexpensive and reversible humidity indicators which change colors dependent of relative humidities.  These indicators have a low temperature related error.  When used in electronics packaging behind high barrier viewing windows, these devices provide a non-evasive humidity indication of the watervapor in the moisture proof package.


Humidity indicators come in various configurations. Humidity levels from 10% to 100% may be readily indicated in multiple steps. In electronics moisture barrier packaging humidity levels inside the package in excess of 20% are generally considered detrimental.


The chemicals of humidity indicators should be kept out of direct contact with reactive metals in the packaging of electronics.
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