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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROSTATIC DISCHARGE (ESD) SENSITIVITY
g TESTING HUMAN BODY MODEL {HBM)

FOREWORD

A PAS iz g technical spooification ot fulfilling tha requiremants for o atanderd, bul mads availatie ta the
public ard sslablishad nan organizalion opecaling under given procedures,

IEG-PAS 82179 was suomitied by JEDEC and has baan precassad by IEC techrical commitiee 47 Semicendusdar
devices.

Tha text of thiz PAS ja based gn the This PAS wa% dpproved for
falluwing decurmenl: publicatlan by the P-membars of Lia
commattee concarmgd as indicalad in
the tollawing decument:

Draft PRG Repart on woting

FF 432 PAS LT 485 HYD

Fallowing puklication of thizs PAS, the tachnlzal commiltes ar subcommiltee concerned wil Investigate the
poseikility of ransforming tha PAS inte an Intemgticonal Standard,

An |[EG-FAS licence of copyrighl and assignment of zepyrlght hes baen gignad by the |EC and JEDEC ard is
rezatded gt lhe Centrat OHice.

1) The IEC {Interhaticnal Elestrotechn cal Commizeion) ie 4 workdwhis emanizalion far a-andardizeton semorslvw al
natiangl algctratachnieal committeen {IEC Malicnal Committees). The abjesl af the IEC is 10 promota internatlonal ca-
operation an all questlang concarning standerdization in 1he electrical and oestianic fields. To this end and in addilon
to other activillee, Iha |IEC publighos intemotoncl Standerds. Thalr preparation bs arkrysted to techmcal committess:
any |EG Mational Cammittes interceted I the subject cealt with may perticipate In the preparatary werk. Intarmaticnal,
govarnmantal and non-governmental organlzatieans bidising with lbe |[EC also partlcipsks In shils preparalion. The IEC
eollabarates ciosaly with the Intematanzl Osganizafion 1or Standardization (SO In aocordatge with sondibons
detarmined by agreemant balwean the two arganizaticns.

2} Tha formal declemgns or agreamants of ths IEC an tachnlzal maters express, &% neary as possible, an International

LansensLE of gpinion on the rekevant subjects sinca sach lechnigal commites hag reprassnlation frem all interssted
Malivnal Committase.

3) Tha dncumants produced have the Torm o1 regommendations for mtarmatlonsd use and are pubkshed in the form ol

standards, technical spacificalions, 1achnical repofs of Quidos and thay ars accapted by e Natonal Commilteas In
Ml aenss_

4) In order to promols International unification, |IEC Matienal Cormmitteaa underta ke 1o applr 'CC Internaticnal Standards
lraneparenily to the maxinum sxlent possibls in Iheir netional end regional etandards, Any divargence between the
IEC Standard and e corespanding natlanal of regiona standard ahall ba cleady ingdlogted [n the [attar,

5y The IEC provides no marking procedura to bndicate ite approval ond connot Be rendsred rasponsible tor any
equipment declared to be in conlormity with one of k3 standards.

) Attanticn is drawn to the possibilily thai some of the slemeante of thig PAZ may e the subject of patent righte. The
FEC Bhall not ba keld reepansiblg for identitying any o~ all such patens righia.
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Fage 1

TEST METITOIr All44A

ELECTROSTATIC DISCHARGE (ESIN SENSITIVITY TESTING
= HUMAN BODY MODEL (HBMM)

{From JEDEC Council Ballet WOB-97-L1, formulared under the cognizance of 1C-14.1 Committes on
Reliahility Test Methods for Packaged Devices.)

1 Purpose

This method establizhas a standard procedurs for tesging and ¢lassilying mictociruits according to their
susceptitility o damage of degradation by exposurs 10 4 delined clectrostatic Human Body Model
(HEM} dizchargz {E5D)). The abjective iz to provide reliable, repeatable HBR ESD test resulls so that
accurate classifications can e perforemed.

2 Apparabus

This test method requires the followring equipment.

2.1 An ESI pulse simularor and a Device Under Teal (DUT) suched equivalent to she circuir of figure L.
The simlator must ke capable of supplying pulses with the charactedstics oequired by fizure 2 and
fipure 3.

22 {kcilluscope

The greilloscope and amplifier combination shall have & 350 MHz minimom single-shot bandwidih and a
visual writing speed of 4 cradns moinimem,

23 Currcnt probe

The curtemt probe shall have a minimom pulse-curvent bandwidih of 330 MH:. A currenl probe
(iransformer and cable with 2 nommal length of 1 meter) with 2 | GHe handwidth and a current rating of
12 aroperss masamom polse-curen! s recommaende:d.

2.4 Evaluation leads

An 18 AWG dnned copper wire i recommended for the shoot waveformn vetification test. The lead
length shomld be as shorl as practicable to spen the dislance betwesin the two farthest pins o the sockel
while pussing through the currcnt probe. The cads of the 18 4A'WG wire may be ground ta a print whers
clearance is needed (o muke contact on finc-pitch socket pins.

AS00 ol - 1%, 4000 voll, lvw-inluclance resisior =hudl be used for inidal system checkour 2nd
periodic wyslem recalibranon,

Test Mathod Al4-A
{Eovigion of Test Mathod Alld)
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2 Apparatus {cont™d)

R1

High Voltags

FPuls=
Ganargter

51
- A
\ 1500 ohm

C1 == 100 pF S2

Tarminal A

put [=8i—
socket | &

Terminal B

NOTES

p

o —

Figure 1 —- Typical equivalent HBM ESD» circuit

1 The pedformance of any simulator is inflaenced by its parasitic capacitance and inductance.

2 Precautions must be taken in tester design o pveid recharge ransients and multiple pulses.

3 B2, used for initial aguipment qualificagon and requalification as $pecified in 3.1, shall be a low

indictance, H00 vabe, 500 ohm =sistor with +-1% pleranes.

‘R2

4 Stacking of DUT sockel adaptors (piggybacking) is allowed only if the waveforms can be verified
ko et e specifications in table 1.

5 Reversal of terminals A and B to achizve dual polarity 13 not penmitted.

6 52 shouid be closed 10 to 100 millistoonds after the pukse delivery pediod to ensure the DUT

socker is not lefe in a charged state,

7 RL, 1300 ohm +/- (.

£ €1, 100 pF +/- 10% (effectve capacitance),

Tesi Mathed A1id-A

(Revision of Test Method Al14)
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2 Apparatus {cont*d)

Ips f 1 L
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(a) Pulse rise time, (1)
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(b Pulse decay time, (L)

Figure 2 — Current waveforms through a shorting wire

Teat Methad Alld-A
{Revision of Test Method Al 14}
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Z Apparatus {vont‘d)
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(b} Pualse decay ome, {Lg)
. Figure 3 — Carrent wavelorms throngh a 5H ohmt resistor#

* The 5 ochm lzad is used vnly during Equipment Quadification as specified in 3.1,

Test Meathod &114-A
(Revision of Test Method 4114)
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3 Duolificotion, cakibration, and waveform verification

3.1 Equipment gmalifieadon

Lquipment cal:bragon must be perfonned durisg initial acceptance waing, Becalibration is roguited
whenever cquipment ropairs arc made thar may allect the wavetorm ond o minimom of every 12 meonths,
The tester st meet the requirements of teble 1 and Figure 2 a1 all vollaws levels wsing the shording wirc
and at the 400K] volt level with the 30 ohm resislor (sec fgure 3). The waveform messurements during
calibration shall e tnade wying the worsl-casc pio on the highest pin coont board with a positive
machanical clamp socket. (Machine repeatability should be verdtied during initisl cquipment acceptance
by perfuomning a mimimem of 3 ponsecmive positive and 2 minimom of 3 corsaculive nepative waveforms
at a voltage level in table 2% The high-voltage relays and associated bigh-vidluge circuilny shall be wsted
Ty the user ol compuler-conirolled systems per the equipment manufacturer's fnstroctions {systen
diggnostics) This test will check for any open or short relays.

Tahle 1 — Waveform Specification

==
Ipeuk for | Rize Time [ Rise Time Decay Decay Ringing
Lewel Short, SN Ohm* | [or Shor, for 500 Time for | Time for Cureent
k| 1Ips 1pr Ohmt Showt, S0H) (b Ip
A} (A} () e (A)
[REY) ins) ins}
hili] . 30-0.37 i 20-10 MiA 130170 MiA 15% of Ips
ILLY DA00.7d bia A0-10 MeA E30-170 MiA 13% of Ips
pLLLL 1.20-1 .48 A 2010 MiA 13G-170 Mia 15% of Ips
2A-2.96 3 0-25 130-1790 laf-240 L3% of Ips
and lpr

* The 3K ohin load is used coly during egquipwent goalilication o specified jn 3.1,

1¢ Ipeuk 39 the curtent through BRI that is, approximately ¥W13HE nhms.

Teost Meothod Alld-A
(Revizion of Tes, hMethad ALL4)
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3 Qualification, colibration, and waveform verification (comt’d)

351 Safety training
Druring initia! equipment set-up, the safaty engineer or applicabie safery represencative,
shail inspect the eouipment in its operating location to ensuro that the equipment is not
aperated in a combusrible (hazardous) snvironmenc.

Additionally, all personnel shall receive system operaticnal training and electrical
safety traiping prior ta using the cyuwipmenl,

32 Worst-case pin

The worst-case pin combination for each socket and DAUT beand shall be identified and decumented. Tt is
recommendad that the iauelwens supply the worst-case pin data with each DLT board. The pin
coimbination with the waveform closest to the limits (se¢ table 1) shall be designated for waveform
verification.

- 3.2.1 The worst-case pin combination shall be idemified by the following procedurs.

32.1.1 For gach test socket, identdby the sockel pin with the shomest wiring path from the pulse
gengrating circuit o the fest socket, Connect this pin to Terminal B {where it will remain the refcrenced
pin thtoughout the warst-case pin scarch) and comnecl voe of Lhe renwdning pins o Terminal A, Attach a
shorting wite between these pins with the corrent probe around the shorling wire, as closeT0 Terminal B
a5 practcable.

3.21.2 Apply ai lcast gne positive 4000 voll pulss and at least one negative 400 volt pulse and verily
that the waveform meets the requiremenis defined in fable 1 for hoth positive and negative pulses.

3213 Repeat steps 3.2.1.1 and 3.2.1.2 ontl all socket pins have heen evaluated.

3.2.14d Determine the worst-case pin pair {within the Hmits and closest ta the minimom or maximum
patameter values as sppcificd in table 1) to be wsed for [ulure wavelorm verificotion.

3.2.1.% For initial board check-nut conpect 2 500 chm resistor belween (he worsi-case pins previously
identified with tw shobing wive in step 3.2.1.4. Apply a positive and negative 4000 volt pulse and verlly
that the waveform medts the requirenients defined in tabla L

NDTE — A am wllemulive L e woust-case pin search, the reference pin pair may be identified far sach
test socket of each test finture, The reference pin comhination ghall he identified by determiming the
socket pin with the sharmesr witing path from the pulsc poocrating circuit to the test sockel, Connect Lhis
pin to Terminal B and ‘then connect the socket pin with the' longest widng path from the pulsc gencraling
citenit 1o the test sockét to Tevminal A {normally provided by (he manulacturer). Atwch a shorting wire
between these pins with the cumment probe sroumd the shoring wire. Follow (he procedure in step 3.2.1.2.
Far the [nidial board check-out connect 2 500 ohm resistor between the referance pins. Apply a positive
ard negative 4000 volt pulse and verify the waveform meets the requirements defiesd in table 1.

Test Method Al14-A |
(Revision of Test Method All4)
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3 Qualification, calibration, and waveforn verification (cont’d)
A3 Waveform verification

The waveform verification should be performed at the beginning of each shift that & tester is operated and
when a socketTIUT bhoard is changed. 1f a1 any time the wavelorms do net meet the ragquirements
delincd wathin figure 2 and table 1 ar the 000 volt level, the testing shali he halted until the waveform is
in complinnee, Additionally, the system dizgnostics test-as defined in 3.1 for aotomated svslems shall be
performed prigr to the beginning of cach shift testing is done, The perind betwern waveforn checks oy
be extended providing 1est data supports the ingreased interval. In casc the wavefnem no longer meels

the lithdtz in whlc 1, all ESD testing pecfortoed alier the previous satistactary wavetorm check will be
consldered invalid,

3.3.1 Wirh the requiredt DUT socket installed and with no purt in the socket, attach a shorting wire in the
DUT suckel sueh that the worst-case pins gre eonmecied benseen Terminal & and Terttinal B as shown
in Ogure 1. Place the cumene probe aronsd the shoning wire.

3.3.2 Initiate af least one posilive pulsc at the 4000 woll kevel per table 1 and fizure 2. Verify that all
parameters maet the limits specified in table | and figure 2,

3.3.3 Initlaie o least vne negadve pulse at the 4000 vull level per mble 1. Verify thar a1l parameters
meel ihe limits specified in table 1 and Ggure 2,

4 Classification procedure

The devices used for classification waling must bave completed all normal maoufaciuring operations.

4.1 Prior to BESD) testing, parameric and functional westing using conditions roguired by the applicabie
pert drawing nr resr specification shall be performed on sll devives submitted for ESD testing. Cuard
band Lesling is alzo permitted. The resl devices shall be within the limits stated in the part drewing tor
thase parameiers,

4.2 A rample of 3 devices for each volisge level shall be characterized for the device RSP failure
thresheld wemg the voliage steps shown in table 1. Finer voliege sleps may optionally ba ussd o oo a
MiT gecurate measure of the tailure thresheld. ESD t2sting should bugin at the lowest step in tabls 1.
The E3D t2sl shall be performed at reom temperature,

4.3 Cach sample of 3 devices shall b siressed at onc voltage level using 1 positive and 1 asgaiive pulse
with 8 mininum ef 0.5 second belween pulses per pin for all pin combinglions speeified in mble 2 T i
pernitecd By wse A separawe sample of 3 devices [or each pin combinalion specified in tahia 2. 1t 4%
permiticd 1o use the same sample {3} at the next higher volinge siress level if all pams pass the Taihoe
critetia specifed in Soction 5. after BSD exposure to a specified voltage lovel,

Tast Method Alld-A
iRBevision of Test Melbod AllL4)
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4 Classificetion procedure (cont'd)
4.4 Pin combioations

Fhe pin combinations 1o be used are given in table 2. The actual number of pin combinatonz depends en
the ouwmber of power pin groups. Like named power pins (VCC1, VOC2, V851, VE52, GND, etc.) that
ate directly connected by metal (inside the packape) may be ticd tagether and treated a6 vne pla for
Terminal [ connection. Otherwise, cach power pin must br weuted 08 o separate power pin.

" Programuping pins thee do not draw cument showld be considered as LAY ping {example: Vpp pins on
memory devices). Active discrele deviees (FETs, transistors, et sholl be tested vsing all possible pin-
pair combinations (one pin commected o Termingl A, anothet pin commested to Terminal B} regardless of
pin name or function. All pins configured as “no comnzet™ pins shall be verificd as “nu connect” and left
open (floating’ al uil W, Pins labeled “no counect”, that in fact are conpected, shall he tested as non-

supply pins.

Tahle 2 — 1 Cambinadonzs for lm‘,egn_ted Circnits

Pin Conseat Cononecl Flpating Pins
Coombinaton Individually o ty Terminel B {uncunnecte]
Tevtmiual A [ Ground) :
AT pius one at a tine, All pins except
caeepl the pinds) Firal power pin(s) FAPLT* pnd first
connected to Terminal B power pinls)
Ajl pins one at a tione, All piny except
2 except the pinds) Sccond power pinis) PUT and sesond
“ connected to Terminal B - powrer plods)
All pins one ar a done, Adl pins excepr
3 except the pinis) Nth power pinis) PUT and Ntk power
connected to Terminal 3 mints)
Each Mun-supply pm All other Mon-supply
4 one at A Hiie. pins collectively All power pins
except FUT

*1 PUT - Pm under f2sn

Test Method Alld-A

{Revigion of Test Method AlL4)
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4 Claeeification procedure (coot’d)

4.5 Il a diffcrent samaple grup is FRT rested a1 each stoss leved, 1 is permitted (o perform the de
purarneine and functionsl ATE testing atter all sample aroups have been BESD tested,

5 Failure criteria

A parl wall be defined as a failure if, after exposure to BSD pulses, it no longer meets the part drawing
lequEremeants using paramelric and funclionat wsing. 1N wsling is roquired at multiple temperaiires,
testing shall be perfarmed ot the lowest teraperanacz first.

# Classflcaon «rlteria

All sauuples wsed musl mecl the lest requircments of secdon 4. up to a particular voltage level in order for
the pact to be classified as meeting a panticular sensilivily classibculion

CLASS | Any part thar fails after exposure re an H3D pulie of 2000 volls or less.

CLASS T Ay part that passes aller exposurs tv an ESD pulse of 2000 wols, but t2ils afier exposurc to
o ESD pulse of 000 volrs,

CLASS 3 Any padt thal passes afrer exposore to an ESDr pulse of 4000 volis,

Tesl Method Alld-a
(Revision of Test hMethod Alld)
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