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ABSTRACT

Controlling voltage on personnel has long been recognized as a primary importance in
preventing electrostatic discharge damages of electronic devices in electronic industry. The reason for
concern is that operator’s finger often contacts of ESD sensitive devices, and flow of current from
personnel to the devices can partially degrade or even fully destroy them. This thesis studies a
reduction of static charge on personnel by impact of resistance to ground of wrist strap, static control
footwear and static control surfaces by using charge plate monitor to measure the static charge in volt.
First experiment, static charge on personnel is evaluated with various resistant to ground of body
through wrist strap and variable resistance. Second, different types of the static control shoes and
static control surfaces are evaluated in combination to measure the static charge level on personnel
and to find the best combination of the static eontrol shoes and surfaces. Result of the experiment
indicates that resistance to ground of the footwear and surfaces are not sufficient to select the surfaces
which most of electronic industry currently rely on. But performance in combination by static charge
evaluation on personnel should be suggested and considered for proper selection, especially in disk

drive industry that read-write element is extremely sensitive to electrostatic field and discharge.
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Polarity

Material

Positive (+)

Negative (-)

Rabbit Fur
Glass

Human Hair
Nylon

Wool

Fur

Lead

Silk
Aluminum
Paper

Cotton

Steel

Wood

Amber
Sealing Wax
Hard Rubber
Nickel, Copper
Brass, Silyer
Gold, Platinum
Sulfur

Acetate Rayon

Polyester

| Celluloid

Polyurethane
Polyethylene
Polypropylene
PVC

Silicon

Teflon
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CAPACITANCE CHANGES IN PERSONNEL IN A WORK AREA

% CHANGE IN CAPACITANCE DUE TO MOVEMENT
INITIAL FINAL
DESCRIPTION OF MOVEMENT CAPACITANCE ~CAPACITANCE % CHANGE
Person seated, raising one foot 192 163 15% Decrease
Person seated, picking up both. feet 192 129 33% Decrease
placing them on the foot rest
Person seated, leaning forwards in 192 184 4% Decrease
chair (desk type chair with back)
Standing person raising one foot 167 141 16% Decrease
Seated person standing up 192 167 13% Decrease
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FLOOR MATERIALS AND FOOTWEAR-RESISTANCE MEASUREMENTS

Use a 91by 81 am (38 X 36 nch)
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MInarauaIzUn 3.9

WRIST STRAP SYSTEM RESISTANCE TEST

#304 Stainiess
Steal Elecirode

4 @ 3 ¥ ¥ ar [
g'ljﬁ 3.8 ﬂﬁ'Jﬂﬂ'!'I'lJﬂ'n.lW'mi'llj‘llﬂi'ﬂx‘lﬂ'lﬂ‘i?llﬂUﬁWiﬂ‘ﬁﬂﬁi)

WRIST STRAP RESISTANCE TEST METHOD
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TEST SET-UP
POINT TO POINT

31U 3.10 msFannudunuvesgangui i ledunsiziniinnuihma ldhdomes s uuy

Point-to-Point

TEST SET-UP
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Sleeve-to-Sleeve
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RESISTANCE TO GROUNDABLE POINT POSITIONS

5" X 10" Foot Plate

(127 X254 cm)

¥

514 3.12 m3daanud s afoniinomnimidiiihiwzuazminia
Y a ¢ a s
3.8 ManageUManiiie N HFHnve 1 Tagi 83t FTIR

3.8.1 nssummsgnn'ﬁ'uum%uﬂsum (The Infrared Absorption Process)

Tuanavosmsnivzganauiaslugrvedudsusa ldm@uidunsganaunas
Tugrwgadda Momasesui R Indsnudeoni daru Twanadfleganfuuas R
'Imar;a%zqnns:ﬁmi’]u'[maqaﬁﬁwﬁ'aamqan’im;‘iﬁﬁnnmﬁu Tatfndsnun/ounaseg
14512 2-10 Kealimole Fafiundanimenozi i lumnaiiamsdu (vibration) niaiAams
NYU (rotation) ity msganauLas IR veaTuanaiilydmn luanavesmsozganauuas
IR 1énua usszdnalidnyuzmme annzideaminzaudan fie [9)

1L Sadnfouanfuszdeaiindsnunennzweansi Iiiansmamdau

2. Q:ﬁaatﬁﬂmsmuFjwaﬁiznﬁmum'lﬂﬂwmmiu;i%’aﬁﬁ'umnfu iilofims

¥ ¥ "
gandundnuudngi lfiia Tuwuddasg (dipole moment) vaa Tuanariuasu Ty
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At iiiely R anudn 1) luTwanavesms lanaw udaimlsingmssinsassedig
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¥ 3
DrafutiiTona15iud IR Active 1 hilimsn)aou Tumuddag uaashmsiiudly IR inactive

A

" Ed
donliflimsganduuas R MilimsndvunaaTunmaiiguinez1d IR absorption peak g4

flaou)aniooiee 19 absorption peak @1

3.8.2 sulsznevveuniesdursusamninsiiniiines (IR Spectrophotometer)

o -

dausznovvoaniesdususaan)nIns I Talimesidu)szneuid g A
1. auiudauasdunsusa (IR Source)
[¥aan 1 a13979819 (Sample Cell)

TuTulnswaed (Monochromator)

A — U

In309ANeaBuNIUSA (IR Detector)

5. inSeauiinalnasy (Recorder 15 Readout Devices)

Aufiiauassusisafidiui hhiuiuveudfidos Feaunsomioud
Inthewfigungialszing 1,500 - 2,000 wadu 1Rodaderios Fees Wuasiinudugaga
finwilszana 5,000 em®

Tululnswimes Fasznoudavdoaumary (slits) 3R (grating)  n3o010]
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inFoariuiinalnniy mio Read Out Devices dayanaiildvindmanesFuiy
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3.8.3 1n300S1009nsmaledn SususamunInsfined (Fourier Transform

Infraed Spectrometer, FT —IR)
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Electrical Connection for
Flooring/ Footwear System Walking Test

Graphical Recording Device

Use a 91by 91 cm (36 X 38 inch)
or Larger Floonng Sampie

Gap 1 cm
(0.5 inches)

Support Material
Insutative if required

¢

Charge Plate Moniior

Matenal Under Test
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5. AuAmn U uA 14 wuY 0-200 unToWN (34~ 10% Resistor)
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M3 5.2 wazidoavesTagi 1 luminaaesnindeyasumz (Specification) Yo efnan

HaznMIAnIeHanasuvedds FTIR lunianuan .

f081397e9 ERUGHGLD
fua furiia Dissipative Tile A7MUYU1 3.2 Tadiuns
79 : Plasticized - PVC with China clay and calcium carbonate
filler
B fuwiia Dissipative Mat 91i@ 2 1 AU 3.0 TaAs
Fuvuiiu Dissipative #0239 : Blended PVC with
Polyurethane and calcium carbonate %udnﬁlu Conductive a1
fuc fAvTia Conductive Tile AN 3.2 TnAMIAS
’3”dﬂ : Plasticized - PVC with calcium carbonate filler
D #u311A Conductive Tile A7ILHWY 2.0 TaR A
’f‘ﬂ’ﬂ : Plasticized - PVC with silica and calcium carbonate filler
AU E M1¥7in Conduictive Tile A1MMIN 3.0 TaAns
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The Reduction of Static Charge on Personnel in Electronic Industry

Anusorn Chakkaew , Kachapong Sumanon , Assoc. Prof. Dr. Wisut Titiroongruang
Electronic Research Center, Faculty of Engineering
King Mongkut ’s Institute of Technology Ladkrabang
Chalongkrung Rd., Ladkrabang, Bangkok 10520, Thailand.
Tel. (662) 739-2385 Fax. (662) 739-2384
E-mail : achakkaew(@mmm.com

ABSTRACT

This paper presents the reduction of static charge on personnel in electronic industry by
influence of relative humidity, resistance of body to ground, static control footwear and static
control surfaces. In the first experiment, static charge on personnel while walking and
scuffing are evaluated in elevated humidity with various resistance to ground of body through
wrist strap and adjustable resistance. The changes in relative humidity and human resistance
to ground are shown to have a major impact to the static charge. Further experiment, different
types of the static control footwear and static control floor tiles are evaluated in combination
to measure static charge level on personnel. This experiment has shown that overall
performance of the static control flooring in conjunction with footwear can provide effective
control of static generation and dissipation. However, resistance to ground of the surface is
not sufficient to select the surfaces which most of electronic industry currently relies on.
Performance in combination of the footwear and surfaces by static charge evaluation should
be considered for proper selection, especially in disk dnve industry that read-write elements
are extremely sensitive to electrostatic field and discharge.



79

1. INTRODUCTION

Static damage of components by operating personnel is fast becoming one of the most
significant problems in electronic industry, especially data storage products and
integrated circuit. Starting from the data storage products which has certainly become
an area of significant development in recent years, it has moved to IC assemblies and
related manufacturing such as printed circuit board assemblies and OEM
manufacturing.

Controlling of voltage on personnel has long been recognized as of primary in
preventing electrostatic discharge (ESD). The contacts of ESD sensitive devices and
flow of current from person can partially degrade or even fully destroy the device.
Relation between resistance to ground of personnel and peak voltage created by
movement is fundamental and generally be known that lower resistance to ground
people would create lower static charge, and grounded people through wrist strap is a
principle method and strongly recommended for those industries.

Static control flooring or surfaces are more commonly used in those electronic
industries as part of their static protective work area for reliable grounding in order to
successfully manufacture products. The purpose of the static control surfaces is
primarily to remove static charge from transient personnel on the surfaces, and it does
provide a significant amount of protections around the well traveled areas. These
surfaces previously had resistance range available in the amount that we call
dissipative, and recently available in a lower range of resistance in conductive [1]. By
minimizing the static charge on personnel from principle of dissipation of the static
charge through the surfaces. Lower resistance range of surfaces is understood to have
better level of charge dissipation and they are being selected from industries with
only resistance consideration. But surface tendency to have charge generation, in
combination of the floor surfaces with static control footwear has not been evaluated.
Especially in disk drive industry, read-write head elements are extremely sensitive to
electrostatic field and discharge, and people are still required to do the majority of
assembly due to complexity of wire attachment to the head elements. The grounding
considerations adequate for conventional electronic parts are  insufficient for
protection and reliable production.

2. EXPERIMENTAL
2.1 Apparatus requirements

2.1.1. Resistance measuring apparatus in the appropriate configuration for resistance
measurement with +/- 10% accuracy and 100 volts open circuit is being used to
measure resistance to ground of static control surfaces with provided 2.5 inches
diameter and 5 1b. weight electrode. A stainless steel with hand-held electrode, 2.5
inches diameter, 3 inches long with banana plug receptacle attached to one end of the
cylinder is being used to measure human resistance.
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2.1.2 A charge plate monitor or equivalent with input resistance of greater than
1x10" ohms and capacitance less or equal to 20pF with +/- 10% accuracy. This can
be interfaced with plotter or x-y recorder for record keeping.

2.1.3. Floor finished installed in 2 ft x 2 ft. with compliance conductive adhesive with
manufacturer’s recommended procedure and ground connection. Static control
footwear, clean twice following manufacture’s recommendation or clean with
minimum 70% isoproponal-water solution using a clean, low-lint cloth.

2.1.4. An enclosed cleanroom environmental with appropriate relative humidity and
temperature that can reflect working environment of disk drive manufacturing. Pre-
conditioning the surface and footwear materials in the cleanroom for 72 hrs.
minimum.

2.2. Evaluation procedure

2.2.1. For floor resistance, connect the weight electrode to the surface and the other
end to ground and apply test voltage according to test procedure of ESD S7.1 [2]. For
personnel resistance, wear the test footwear on both feet and stand on the floor
specimen, grasp the hand held electrode and apply test voltage.

2.2.2 For voltage measurement on body in first experiment. Wear one test footwear
and attach conventional wrist strap to a wrist, grasp the hand held electrode which is
connected to charge plate monitor and continuously walk on the acrylic plate. Adjust
resistance of body to ground using the adjustable resistance box which connected to
ground from the wrist strap.

2.2.3 For voltage measurement on body from different floor specimens and footwear,
wear the test footwear, grasp the hand held electrode which is connected to the charge
plate monitor and continuously walk on each floor specimen. Scuffing is also
required for each specimen. Before starting each test, touch ground to remove any
charge on the body and check to make sure the instrumentation is also zeroed.

O Hand-held electrode

Charge|Plate Monitor
Wrist strap

Flooring sample

Insulative plate
(Acrylic)

Fig. 2 Connection for static charge evaluation to charge plate monitor and graphical
recording device



3. TEST RESULT

Resistance to Peak voltage on personnel (volt)
ground of
personnel through 60% RH Humidity 75% RH Humidity
wrist strap (ohm)
0 0.5 0.2
100 K 0.7 0.2
500 K 1.0 0.5
1M o 0.6
5M 15 0.8
10 M 30 4.5
50 M 150 10
100 M 250 180
200 M 700 250
o< >2000 850

Table 1 Electrical potential generated by vigorous movements of personnel at various
resistance to ground level through wrist strap, at 23.5 C, 60%RH and 75%RH

Beo%rH
B 5% rH

60% RH

> Resistance to Ground (chm)

| Figure 1. Static charge on personnel at various resistance to ground, 60%RH and 75%RH.



Flooring Structure
Tile A Dissipative tile, Homogeneous, 3.2 mm thickness
Tile B Dissipative floor mat, 2 layers
Tile C Conductive tile, Homogenous, 3.2 mm thickness
Tile D Conductive tile, Homogenous, 2 mm thickness
Tile E Conductive tile, Homogenous, 3 mm thickness
Tile F Conductive tile, Homogenous, 3.2 mm thickness
Tile G Conductive tile, Homogenous, 2 mm thickness
Tile H Dissipative tile, Homogeneous, 2 mm thickness
Footwear A White conductive shoes, supplier A
Footwear B White conductive shoes, supplier B
Personnel Description
Operator A Lady, 50 kg weight
Operator B Lady, 46 kg weight

Table 2. Details of materials and personnel involved in the experiment

Floor Resistance to Total resistance of Total resistance of
Samples| ground of floor | Personnel to ground (ohm)|personnel to ground (ohm):
samples . Person A Person B
(§SDIS? frveius Footwear A | Footwear B | Footwear A | Footwear B
1 A 1.7 M 1237 M 68 M 292 M 705 M
2 B 10.37. M 204 M 245 M 4905 M 46.4 M
3 C 0373 M 74 M 40.4 M 341 M 515 M
4 D 0.032 M 702 M 40,5 M 356 M 67 M
5 E 0.021 M 790 M g8 M 36.5 M 2 M
6 E 0.046 M 6.96 M 316 M 28.8 M 459 M
7 G 0072 M 752 M 81 M 36.9 M 60.5 M
8 H 16.34 M 1051 M 65 M 407 M 625 M

Table 3. Resistance to ground of floor specimens and total resistance to ground of personnel

82

standing on the floors. The total resistance includes human body, socks, footwear and flooring
materals, at 23.5 C, 55% RH.
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Fig. 2 Static charge measurement on personnel from X-Y Recorder in relative with resistance
to ground of floor samples, at 23.5 C, 55% RH.
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4. CONCLUSION

4.1 The resistance to ground of personnel in the first part of the study provided valuable
information about how charges can be dissipated, based on resistance value. Grounding of
people is one of the most important measures that can be taken in establishing any sort of
electrostatic control plan for protection of static sensitive items. What should be emphasized is
the fact that people are not an exceptional electrical conductor since people have inherent skin
resistance, and adding with footwear, socks and clothing that cannot possibly obtain zero
resistance to ground. Some electrical potential will exist, at least for short time. The
relationship between charge on personnel with respect to decay time is shown by V = Vo. exp
(-t / RC). Where Vo is the potential on a body that result immediately after contact and
separation in the absence of discharge path, and V is potential on a body with resistance in the
discharge path [3].

The balance between the charge generation and the charge decay processes determines the peak
voltage attained in any practical system. The resistance between a person and ground increases,
the ability to develop and electrical potential increases proportionally. But this should be noted
that the 1 megaohm resistance to ground which is normally attached or built-in in conventional
wrist strap cuff is considered for safety reasons of personnel from electrical hazards. Moreover,
the charge influences from this resistance value is considerably to be low enough to protect
static sensitive devices such as MOSFET that has ESD sensitivity level at 100-200 volts [4].
Anyway, higher level of ESD sensitivity can demand lower total resistance to ground, such as
MR and GMR sensors at read-write element used in hard disk drive [5].

4.2. Changes in relative humidity are shown to have an impact to the static charge accumulated.
Table 1, voltage on personnel in higher relative humidity (75%RH) decreases significantly
compare to the 65%RH. The higher relative humidity can reduce the likelihood of charges in
the first place, but humidification this tends to be expensive and too high level can cause
corrosion and other undesirable effects [6]. Therefore, electronic industry prefers to maintain
the humidity above 40% with an upper limit at 65%, and a sound of ESD control program with
optimum materials and operator disciplines would be focused substantially. However, the
humidification now ¢an be seen in some cases in very dry areas of plastic injection molding
industry, it makes antistatic material with sweat layers function to reduce the high static charge
in the working environment.

4.3 As previously stated in item 4.1 on a fundamental relationship between resistance to ground
and static charge generation. If the electrical resistance is decreased between a person and
ground, the tendency to generate and hold the charge is reduced in most cases. However, there
are some instances where the resistance to ground values do not predict low static charge
generation. This situation can be observed by evaluation of eight different flooring samples in
combination with 2 different footwear, where resistance to ground data was collected for each
individual floors and persons stand on the floors.

Figure 2 shows electrostatic charge on personnel in relative with resistance to ground of floor
samples. The series of tests show there are unexpected static level, such as Tile E which has a
lowest resistance to ground value and would have better charge dissipation performance, but
this tile allows the generation of higher than expected. Also Tile F has a relatively high
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resistance to ground compared to Tile D but allows a lower static charge with both types of
footwear tested. The distribution of conductive elements in the floor material and insulation
area between the conductive elements, together with the area of contact with the sole of
footwear seems to be a factor of static charge generation on personnel. This set of evaluations
has shown that overall performance of dissipative or conductive flooring in conjunction with
footwear can provide effective control of static generation and dissipation. However, care must
be taken in the selection process to ensure that the floor and footwear system will function
correctly. Especially in the areas that very sensitive items are handled, specifying the resistance
to ground of the floor is not sufficient for static safe operations. From the experiment, Footwear
A and Tile F is the set that has the best static control performance compared to others.

Figure 3 shows electrostatic charge on personnel in relative with total resistance of personnel
through footwear, floor tiles and ground. This seems to be more realistic information to
predict higher static charge level from higher total human resistance to ground. It should be
considered important in actual practice to verify the actual system used, rather than measure
only resistance of some individual components, such as footwear or floor tiles.

4.4 The size and shape of person tend to determine where their weight is carried. In most
cases, the majority of the person weights are on the heel of the footwear but may be more
uniformly distributed over their foot area in some cases. For those individuals with their
weight distributed over the large area, their resistance to ground was lower than a person
wearing the same footwear but their weight concentrated on their heels. This information can
be observed in table 3, operator A and B are about the same size but human resistance to
ground are quite different with the same footwear type.

By the way, walking and scuffing pattern of operators is one of the factor influences the static
charge level. A standard walking pattern should be considered in test procedures to
standardize and minimize the difference. Anyway, the walking pattern of each operator in this
experiment should reflect her actual movement in production floor. Operator should not scuff
their feet unnecessarily to minimize the static charge.
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