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REQUI REMENTS FOR ELECTROSTATI C DI SCHARGE CONTROL

1. SCOPE

1.1 Scope. This instruction provides a consistent
application of requirenments for an electrostatic di scharge (ESD)
control programfor electrical and el ectronic assenblies, and
equi pnent, and their constituent parts susceptible to damage from
ESD. This instruction does not address ESD requi renents for
electrically initiated expl osive devices.

1.2 Purpose. The purpose of this instructionis to
establish the requirenents for an ESD control programto mnimze
the effects of ESD on parts, assenblies, and equi pnent and to
nmeet the requirenents of MSFC-P09.1, Process Control.

1.3 Applicability. This instruction applies to all MSFC
organi zati onal elenments involved in the design, procurenent,
fabrication, inspection, test, handling, storage, and operation
of flight and flight associ ated hardware containing ESD sensitive
itens for MSFC projects. Specifically, these requirenents apply
to the follow ng personnel as a mnimum electrical designers,
engi neers who troubl eshoot electrical hardware, manufacturing
personnel, quality assurance (QA) personnel, shipping/receiving
personnel, kitting personnel, and electrical test personnel.

2. APPLI CABLE DOCUMENTS
MSFC- P09. 1 Process Control
MSFC- P17. 1 Internal Audits
MSFC- P18. 1- 01 Personnel Certification Program

MBFC- P18. 1- @03 Personnel Certification for Electrical
Processes

NHB 5300.4(1G NASA Assurance Terms and Definitions
M L- STD- 129 Standard Practice for Military Marking
3. DEFI N TI ONS

Refer to NHB 5300.4(1G, NASA Assurance Terms and
Definitions.
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4. | NSTRUCTI ONS

4.1 ESD controls, as a mninmum shall be inplenented to
i nclude the foll ow ng ESD control programrequirenents:

a. Protected areas and work stations shall be established
and verified as adequate by Quality Assurance personnel prior to
their use.

b. Use of protective personnel clothing and proper
personnel grounding at all necessary points where ESDS itens w |
be handl ed.

c. Establish a certification programto ensure that al
personnel handling electrostatic discharge sensitive (ESDS) itens
have received the necessary training and have been certifi ed.

d. Performinternal audits to ensure the integrity of the
ESD protected areas and equi pnent.

e. Inspection of docunmentation for ESD mar ki ngs,
precautions, and handling procedures as applicable.

4.2 Handling. Handling and noving of ESDS itens will be
acconpl i shed using appropriate ground straps, groundi ng chains,
and/ or protective packaging. Detailed ESD procedures wll be
devel oped to m nim ze occurrence of discharge when handling of
ESDS itens where ESD protection is not practicable.

4.2.1 Packaging. Electrostatic protective packagi ng
requires the prevention of charge generation and protection from
strong electrostatic fields. Materials used in protective bags
and pouches shall be constructed froma single fol ded piece of
material and the resistivity of internal and external surfaces
shal | not exceed 10° ohms/square. Non-netallic conductive and
static dissipative magazi nes, chutes and di p-tubes shall be used
for shipping integrated circuits. Tote boxes and covers shall be
made of conductive or static dissipative material.

4.2.2 Receiving. Al ESDS itens received shall be exam ned
for proper ESD precautionary marking and for ESD protective
packagi ng. | nadequate precautionary markings shall be corrected
prior to further processing. Wen an itemis received that has
not been protected during shipnment or internal transfer, it shal
be rejected as defective and processed as nonconform ng materi al .

4.2.3 Kitting and Shipping. Wen a kit is assenbl ed that
includes an ESDS item the entire kit shall be packaged and
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mar ked as ESDS. The acconpanyi ng docunentation shall identify

the kit as ESDS. ESDS itens packaged for shipping shall be
packaged and nmarked as required by the contract or this
i nstruction.

4.2.4 Conponent Testing (Black Box). Wist straps shall be
used when cabling boxes unless the box design precludes ESD
damage due to discharge into connector pins. Environnental
controls during testing shall be in accordance with the test
pr ocedure.

4.3 Protective Areas. Protective areas shall be clearly
identified by promnently placed signs. Access to such areas
shall be Ilimted to certified personnel. Al other personnel
shal | be escorted and equi pped with protective clothing, as
required.

4.3.1 Work Surfaces. Al work surfaces in an ESD protected
area shall be static dissipative and electrically connected to a
common ground. Honobgeneous materials shall have surface
resistivity in the range of 10° to 10° ohns/square.

4.3.2 Flooring. Conductive floors and grounded conductive
floor mats are mandatory in areas where personnel are not wearing
wrist straps. Under these conditions the use of |eg straps, heel
straps, or conductive shoes is mandatory. Conductive floors or
mats shall be kept free of dust, dirt, and other contam nants.
After each cleaning, conductive floor resistivity shall be
verified and the results shall be recorded. Conductive floors
shal | not be waxed or buffed unless the flooring nmanufacturer’s
recommendations are followed and the materials used do not
inhibit flooring conductivity. Carpet in ESD protected areas is
prohi bited unl ess precautionary neasures are docunented and
approved in witing.

4.3.3 Ar lonizers. |If the use of air ionizers is
necessary, then their design shall incorporate a continuous
bal ance status indicator (alarm. Oherwi se, the air ionizer
must be placed on category | calibration (recall) with the
interval established by the calibration | aboratory.

4.4 Per sonnel G oundi ng Devices. G ounding devices shal
be supplied to all personnel working with or handling ESDS itens
to prevent the accumul ation of ESD. A grounding device shall be
worn by all personnel coming within 3 feet of any ESDS item

4.4.1 Wist Straps. Wist straps shall ensure conductive
contact with the wearer’s skin. The safety resistor shal
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measure 1 nega-ohm (+/- 20%. Wist straps that alarm when the
connection to ground is conprom sed are preferred.

4.4.2 Oher. Foot grounding devices, such as |leg, toe, heel
straps, or conductive shoes worn in conjunction with a conductive
fl oor and/or conductive mats, are acceptable alternatives to
wist straps in those situations where the operator needs to be
nmobil e and the use of a wist strap is inpractical or unsafe.

4.5 Equi pnrent and Facility G ounding. The preferred
practice for equipnment and facilities ground is to use the third
wire alternating current (AC) line ground for grounding all itens
at the ESD-protected work station. Wen a separate grounding
line is present or used in addition to the equipnent ground, it
shoul d be bonded to the equi pnent ground at each ESD- protected
work station to mnimze the difference in potential. The
resi stance of the conductor fromthe common point ground to the
equi pnent AC ground should not be greater than 1.0 ohm The
i npedance fromthe work station comon point ground to the
neutral bond at the main service box should not be greater than
2.0 ohns.

4.5.1 Chairs and stools should be constructed of conductive
material and the cover material fabricated fromstatic
di ssipative materials. \Were carts, wagons, or tranms are
required to be grounded and approved conductive floors are
utilized, positive electrical contact nust be made between the
fl oor and conductive structure of the vehicle. |If the floor is
non-conductive, the vehicle will be grounded before ESDS itens
are | oaded or renoved fromthe vehicle.

4.6 Humdity. The relative humdity shall be maintained in
ESD- protected work areas at 30 percent to 70 percent. At |evels
bel ow 30 percent, additional precautions shall be enployed (e.g.,
air ionizers, humdifiers). |If other precautionary nethods are
not available, work shall be halted until the required humdity
| evel is obtained.

4.7 ldentification and Marking. ESDS itens, equipnment, and
assenblies shall be identified in conpliance with the foll ow ng
requi renents. ldentification shall be placed so as to warn
personnel before any ESD damagi ng procedure can be perforned.
Packing lists, inspection reports, travelers, and ot her paperwork
acconpanyi ng the hardware shall contain ESDS | abels and
cautionary notes.

4.7.1 Equi prent containing ESDS itens shall be identified
internally with either the sensitive electronic device synbol
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fromML-STD 129 or the Electronic Industries Association RS-471
synbol. The follow ng caution statenent shall be placed adjacent
to the ESDS synbol if roomis available: CAUTION - CONTAI NS
PARTS AND ASSEMBLI ES SUSCEPTI BLE TO DAMAGE BY ESD

4.7.2 Equi prent having external sensitivity shall have ESDS
synbols affixed to their exterior.

4.7.3 The ESDS cautionary mark on an assenbly shall be
vi si bl e when the assenbly is installed in the next higher
assenbly. Alternative identification shall be used as approved
by the NASA procuring organi zation when the prescribed marking is
not possi bl e.

4.8 NMNonitoring.

4.8.1 Annual Measurenents. The follow ng nmeasurenents/
verifications will be recorded annually by the organization
responsi ble for the protected area/ workstation:

a. resistivity of anti-static mats and floors (except floor
resistivity shall be neasured after each cl eaning).

b. resistance of all personnel protective devices connected
to audi bl e al arns.

c. resistance of all power tools.
d. all grounding points.
4.8.2 Daily Measurenents. The resistance of all personnel

protective devices that do not use an audible alarmw || be
verified and recorded daily by the responsi bl e organization.

4.8.3 Audits. Initial verification audits will be perforned
by the Quality Assurance O fice upon request using MSFC Form 4294
as a guide. Verification of current status will be acconplished
by the foll ow ng:

a. During MSFC internal audits, organizations with
protected areas/workstations may be audited in accordance with
MSFC-P17.1 for conpliance with this instruction.

b. Spot audits will be performed by Quality Assurance
personnel on a random basis using the audit report form of
Appendi x A to further assure conpliance with this instruction.
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5. NOTES

5.1 For the purpose of this instruction, parts assenblies
and equi pnment susceptible to ESD vol tages of 16,000 volts or
hi gher are consi dered non-ESD sensitive.

5.2 Surface resistivity changes exponentially with humdity
changes. Therefore, relative humdity |levels naintai ned between
40 percent and 60 percent are recommended.

5.3 The Quality Assurance Ofice will assist in performng
annual resistivity neasurenents when requested.

5.4 This instruction replaces MSFC RQMI-1493.
6. SAFETY PRECAUTI ONS AND WARNI NGS NOTES

Work surfaces should be soft grounded to elimnate the safety
hazard of touching high voltage circuit with one hand and a hard
ground with the other. A work surface which is connected to a
hard ground requires that the electrical power |ine be protected
with a ground fault circuit interrupter.

7. APPENDI CES, DATA, REPORTS, AND FORMS
MSFC Form 4294 ESD PROTECTED AREA/ WORKSTATI ON AUDI T
8. QUALITY RECORDS

Refer to MSFC-P18.1-C03 for quality records pertaining to
training and certification for ESD controls. The conpleted MSFC
Form 4294 shall be maintained by the Quality Assurance O fice for
10 years fromthe audit date or as long as the protected
area/ workstation is in existence. The neasurenent and
verification records required by paragraphs 4.9.1 and 4.9.2 w |
be mai ntai ned by the organi zati on responsi ble for the protected
area/ workstation for 3 years.

9. TOOLS, EQUI PMENT, AND MATERI ALS

9.1 Insulated netal hand tools such as pliers, cutters,
tweezers, and wire strippers are prohibited. Only anti-static
sol der extractors nmade of netal, or having a netallized plastic
barrel and tip, shall be used. Electrical tools shall have a
three-wire grounded power cord or be double insulated. The area
maki ng contact wwth the work piece shall be grounded with a
measured resistance not to exceed 2.0 ohns.
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9.2 Cold chanbers shall have the conductive baffles and
shel ves within the chanber grounded. The ESDS itens shall be
contained within or nounted on conductive material. Wen
pressuri zed cooling agents are used for |ocalized cooling, as in
troubl eshooting, they shall be electrostatically safe. The
stability of ESD protective materials, which are used in
t enperature chanbers, should be suited for the test tenperature
and hum dity ranges.

9.3 deaning agents and net hods used on ESDS protective
itenms shall not reduce the effectiveness of these itens. They
shal |l not cause |eaching or |eave insulation residues. C eaning
agents shall be chosen for | ow el ectrostatic charging propensity.
Only natural fiber materials shall be used for cleaning ESDS
i tens.

9.4 Wen necessary, electrostatic survey neters shall be
used to detect the presence of electrostatic charges and be of
the type which will read charges on a surface wi thout requiring
contact. Such neters shall be capable of nmeasuring the voltage
on a sanple 8 inches in diameter with a m ni mumresol ution of 100
volts and a range of at least 1 kilovolt.

9.5 The use of electrostatic nonitors designed to actuate an
al arm when an electrostatic field reaches a preset level, is
recomended in an ESD protected area.

9.6 A wist strap tester shall be available in all areas
where ESDS itens are handl ed.

9.7 Non-static generating clothing shall be worn in ESD
protected areas or static dissipative snocks shall be worn as an
outer garnment. Finger cots and gl oves, when worn in an ESD
protective area, shall be nmade of static dissipative or
conductive material s.

9.8 Conformal Coating Application. Wen spraying ESDS
printed wring assenblies wth confornmal coating, an anti-static
spray nozzle shall be used.
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10. PERSONNEL TRAI NI NG AND CERTI FI CATI ON

Certification of personnel shall be based on successful
conpl etion of an approved training program This training is for
t hose who play a ngjor role in ESD damage prevention, i.e.,
el ectrical designers, engineers who troubl eshoot electrical
har dwar e, manufacturing personnel, QA
per sonnel , shi ppi ng/receiving personnel,
kitting personnel, and electrical test
personnel. MSFC personnel shall be
certified in accordance with MSFC- P18. 1-
C01, Personnel Certification Program, and
MSFC- P18. 1- 03, Personnel Certification
for Electrical Processes. The training
shall include the followng: ESD contro
program principles/control methods of
static electricity, identification of
ESDS itens, protective materials and
equi pnent, protected areas and work
stations, nonitoring of the work place,
handl i ng ESDS itens, packagi ng, marking
and shipping of ESDS itens. After personnel successfully
conplete training, the decal shown in figure 1 will be affixed to
their badge as evidence of certification.

Figure 1

11. FLOW DI AGRAM

None.
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