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ABSTRACT

Humidity Indicator Cards (HIC’s) are used to determine when products have been exposed to
moisture above recommended storage levels. Cobalt dichloride is a chemical that changes color
when exposed to changing levels of moisture and is commonly used in HIC’s for that purpose.
Cobalt dichloride has been identified by European regulations as a substance of concern for the
environment and for that reason some customers require its replacement. Alternatives have been
identified and tested to ensure moisture indication is equivalent to the current requirements of the
IPC/JEDEC J-STD-0.33B.1.

Note:

The HIC may utilize alternate colors than those shown in this document to indicate humidity
changes. Cards that utilize a color change other than blue/pink are acceptable. The color change
associated with each specified humidity level is defined on the printed surface of the HIC.

Trademarks are the property of their respective owners
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INTRODUCTION

This paper describes the work performed to certify the replacement of the Humidity Indicator
Cards (HIC) containing Cobalt dichloride (CoCl,) with less concerning materials used when
shipping moisture sensitive integrated circuits.

BACKGROUND

European REACH requirements identified CoCl, as a Substance of Very High Concern (SVHC)
under Article 33. While this does not require elimination of use, some customers have decided to
eliminate these uses based on the chemicals listing as an SVHC. More environmentally benign
alternatives have been identified that perform equivalently.

JEDEC J-STD-033B is the specification Texas Instruments references to identify the
requirements for moisture indication. Alternatives to CoCl, must meet the requirements of this
standard before they can be used. Risks to detection of moisture can be alleviated by testing
alternatives to ensure conformance to the standard.

PROCEDURE

This study evaluated four key performance and material composition elements of a new HIC
(Humidity Indicator Card). The spots on the card were required to show a visually perceptible
color change indicating variations of ambient humidity in the key ranges printed on the card.

HIC MATERIALS CONTENT AND COLOR CHANGE
VALIDATION

Sample Identification

Sample Name: MS 051060-CDF (TI Part #T1051060-CDF)
Material No.: 200014484
Batch No.: 116679 A
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1. DETERMINATION OF METALS

Analytical Procedure

Analytical Instrument ICP-OES

Model Varian 720-ES

Sample Preparation Acid decomposition using a closed vessel under high
pressure combined with microwave.

Sampling One whole card was used

Date of Analysis October 2009

2. DETERMINATION OF HALOGENS

Analytical Procedure

Analytical Instrument lon Chromatography

Model Metrohm 861 Advanced Compact IC
Sample Preparation Water extraction

Sampling One whole card was used

Date of Analysis November 2009

3. COLOR CHANGE ACCURACY (JEDEC STD 033)

Test Method:

Accuracy Test: Place samples in a dry, sealed container to revert color to blue. Place
samples in a container with desiccant. Place samples in RH chamber. Wait 24 hours,
check for accuracy.

Colorimeter Test per JEDEC STD-033 Rev B.1: Place samples in RH chambers. Wait
24 hours, perform colorimeter test.

4. COLOR CHANGE RATE
Condition:
1. Compare the current HIC with the new Cobalt Dichloride Free HIC.
2. Expose the HIC to production environmental conditions.
3. Check the colors periodically up to one hour.
4. Evaluate HIC colors at typical room ambient conditions (45+/-15% RH and 23 +/-5

deg. C).
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SUMMARY OF RESULTS

The Cobalt Dichloride Free indicator cards were evaluated for material content, color change
accuracy, and color change rate.

1. ICP-OES (Inductively Coupled Plasma — Optical Emission Spectrometry) was performed
on an acid decomposed sample card. Elemental content was normal with 950 mg/kg

Cobalt detected.

Element Value Quantification
[mg/kg] Limit [mg/kg]

Cu 3 1

Ba 1 1

Sn 1 1

Co 950 1

Sr 1 1

P 16 1

S 92 1

Al 27 1

Fe 4 1

Ca 300 1

Mg 120 1

Na 165 1

K 10 1

2. lon Chromatography was performed on water extracted from a sample card that was
boiled in DI water. Bromine content was consistent with the knowledge that the new
cards utilize Cobalt Dibromide as the color change indicator.

Element Value Detection Limit
[mg/kg] [mg/kg]
F n.d. 1
Cl 180 5
Br 2300 5

n.d. = not detected, value below quantification limit
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3. Color change accuracy measurements with a colorimeter showed that the new cards met
JEDEC criteria for accuracy at the three critical humidity levels.

Measured Indicating Spots
RH Chamber
Chamber RH 5% 10% 60%
<5% 2.0 Blue Blue Blue
5% 51 Lavender Blue Blue
10% 10.3 Pink Lavender Blue
15% 14.7 Pink Blue
55% 54.5 Blue
60% 60.1 Lavender
65% 65.4 Pink
Colorimeter Test Dry To Wet 2% RH 5% RH 10% RH 55% RH 60% RH
Change in Hue | Environment | Environment | Environment | Environment | Environment | Pass/Fail
Degrees
>A7% Dry at RH
SCPP 5% spot 15.34% 97.57 112.54 Pass
>A10% Dry at RH
SCPP 10% spot 12.45% 101.60 114.25 Pass
>A10% Dry at RH
SCPP 60% spot 30.01% 128.00 166.50 Pass

Documentation of the Accuracy Test:

|-|:|" &

2% RH chamber 5% RH chamber 10% RH chamber
All spots blue 5% spot is lavender 5% spot is pink
10 & 60% spots are blue 10% spot is lavender

60% spot is blue
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: » ¥ A this cand inko ‘
15% RH chamber 55% RH chamber 60% RH chamber
5 & 10% spots are pink 5 & 10% spots are pink 5 & 10% spots are pink
60% spot is blue 60% spot is blue 60% spot is lavender

4. The color change rate evaluations indicated that the appropriate color change occurred
within an acceptable time interval.

Color Change Description Color Change Photographs
Exposed | Currentuse New Exposed | Current use MNew
time (min) 4079043-0001 time 4079043-0001

0% - blue 60% - biue . s
0 10% - blue 10% - blue 0 .

5% - blue 5% - blue S

60% - blue 60% - blue 1 i
1 10% - blue 10% - blue .

5% - blue 5% - blue ———re

60% - blue 50% - blue 2 .@.
2 10% - blue 10% - blue

5% - blue 5% - blue ] ¥

0% - bite 60% - blle 3 ¥ .
3 10% - blue 10% - blue

5% - blue 5% - blue [

60% - blue 60% blue 4 (5]
4 10% - blue 10% - blue T~

5% - lavender 5% - blue i )

50% - blue 50% - blue 5 ‘ .
5 10% - blue 10% - blue

5% - lavender 5% - blue a0 2 L
0% - blue 60% - blue .
10 10% - lavender 10% - blue 5 3
5% - pink 5% - lavender :
' o)
60% - blue 650% - blue
15 10% - pink. 10% - lavender

5% - pink 5% - pink 20 @d‘ \ |

0% - blue 60% - blue | A

20 10% - pink 10% - lavender [ 3 [ I L]
5% - pink 5% - pink 30 @@ éb‘
60% - blue 60% - blue . .

30 10% - pink 10% - lavender i ] [y 1y LK
5% - pink 5% - pink 60 ia. 6&.
0% - blue 60% —

~blue .
60 10% - pink 10% - pink . 5O, . 109 . B0°
5% - pink 5% pink Color spot  Left: 5% / Center: 10% / Right: 60%

Color spot  Lef: 5% / Center: 10°% 7 Right: 80°%
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CONCLUSION

All tests conducted on the new Cobalt Dichloride Free Humidity Indicator card met JEDEC and
TI standards for use. The humidity induced color change of the new card was readily detected
optically and the change was confirmed with colorimeter data.
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GLOSSARY OF TERMS

Humidity Indicator Card: (HIC) — A card printed with a moisture sensitive chemical capable
of a controlled color change in the presence of water vapor.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps
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