Transient occurence surge - IEC 61000-4-5 ESD - IEC 61000-4-2
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] 13 1 1 — Trans | ent occurrence period between surge pulses determined by EUT protection capability V/Vpk (T SEALE N, The d|SCharge event Applymg the ESD test
IV e . Schaffner Test standard Peak V Voltage Voltage Current Current Number of ( ) P ; - ; ) ;
i i | N the real WO I’| d | 1.0 Points of application- all points that are accessible to the user in
10% \ ==m== Relative no.of transients | | 2050 module rt tq t tq pulses 1.0 . normal operation; not necessarily pins of open connectors nor points
0% A\ (all locations) = e Open circuit voltage waveform at 09 ' accessible only during maintenance or servicing
\ The data shown here are taken from a PNW2050 IEC 61000-4-5 1.2/50us combination wave : the output of the generator, ' series f(')s\fiﬁgﬁe Application method- contact discharge is preferred, air discharge is
- Study carried out in Germany in the mid- . . . . no CDN connected Short circuit current waveform inductance used Whe.re contact cannot be applied; bpth direct discharges.to the
198?8. ﬁrgg%%g,tzloo houtrs C}[f;gch).;fding . ﬁnce_ptg\_l\l/ii; 0.5-4kV £10% | 1.2us +30% 50uS +20% 0.25 — 2KA £10% 8US +20% 20us +20% gllalghmpuorggty at the output of the generator ?gsdistance EUT, and indirect discharges to the coupling plane(s), are required
— capture: ) ransients a imeren Non-earthed apparatus- should be deliberately discharged between
1% N h . : pp i sy Eeniben
L measuring points. The transients were AC power Limited by additional 10Q in series 0.5 body each pulse, e.g. via connection of bleed resistor or by air ionisation
measured between live and protective line-to-earth capacitance Number of discharges- normally ten in each polarity to each point of
earth of TN-type 220/380V supply e T .. o | y application — EN 55024 requires a total of 200, 50 at each point
; istics di ther lines, Limited by additional 40€ in series °0 °0
0.1% ‘ networks. Transient CharaCtens'tlcs did line-to-earth g / undershoot 30% max 0 / Mode of application- test generator must be perpendicular to the
. £ not vary much between industrial, A ; - t = 1.2us +30% t, = 8us +20% undershoot 30% max path of ESD current surface of the EUT; for air discharge, the tip must approach the EUT
C R . For AC lines, synchronise surges to peaks (both polarities) ... ...and zero et . - - ; ) ¢
r business, domestic or laboratory e, S t. = 50us +20% t = 20us +20% through victim equip as fast as possible without causing mechanical damage; for contact,
locations, although the total number of PNW2051 ITU-T (CCITT) 10/700us wave < g S el 0.1 R the tip must touch the EUT before the discharge switch is operated
transients was much greater in the K17,.20 Transverse and 0.5 -5kV 10us 700us 12.5 ~125A Defined by circuit components 10, polarity reversed S licati \4 | { g 44"‘—’ o _ x‘_/ ----- Test levels-all lower test levels must also be satisfied, i.e. if the test
0.01% industrial locations than the others. ongitudinal between puises urge appiication t, Rise time t, = 1.67 - T t (us) t, Rise timet =125 T specification is 6kV contact, then 2kV and 4kv must also be applied
100V  Peak transient amplitude  1kV Vi 3kv The data show that: *  ground reference plane is not essential, provided care is taken with earth connections t(
. . . . 2 ’ ’ . . us)
20 the relative rate of occurrence of a PNW20538 IECrCt " SO T 75 A T S except for tests to shielded lines The combination wave
u a . . ” . : ”
18 1 1 1 1 1 1 1 given transient varies roughly metallic 800V min 10ps max 560us min 100A min 10ps max S60ps min 1 each polarity *  physically isolate the EUT, disconnect it from other equipment where possible and
16 W A proportionally to the inverse of the longitudinal 1500V min 10ps max 160us min 200A min 10ps max 160Us min insulate the whole setup to prevent flashover during the test
14 a— Median dv/dt cube of its peak amplitude; Telephone line type B (low energy) *  synchronise each surge to the peak of the AC supply waveform to give maximum . . 15 —
industrial locations | | = the rate of rise (dv/dt) of the transient : : : : stress, a_nd to the zero crossing to !nduce maximum follow-on energy in case this i —
v =L ( ) % increases roughly proportionally o metallic 1000V min 9pis £30% 720ps £20% 25A min 51is £30% 320ps +20% 1 each polarity occurs: five negative and five positive applications each at 0°, 90°, 180° and 270° T J_ > calibration waveiorm I —
ns 10 { 9 the square root of its peak longitudinal 1500V min 9ps +30% 720us £20% 37.5A min 5ps +30% 320us +20% phases are required in most cases Co stray I = 15A £10% 10 SYNENC severity levels
Il . . . . . L . . capacitance 1
8 _.,l‘i amplitude, as does its rise time; power line * all lower test levels must also be satisfied — increase the stress voltage in steps up to T T ! typical ringing waveform Charge BKY
6 L = the energy measure of a transient is - - ‘ . ‘ the maximum, to check that the protective devices do not allow upset or damage at * voltage
4 ?.,I!-I‘ more or less constant up to 200V phase-neutral 2500V min 2ps max 10ps min 1000A min 24s max 10ys min 3 each polarity lower levels of applied voltage despite satisfactorily clamping high levels il [ )\ L1 Contactdischarge 2 BA £30% kv . )
H . . . . . . - 4kV
2 - and then increases roughly *  replace protective devices after testing if the EUT is to be re-used, in case of b o
0 PTOF;(OFtlonﬂ”}(’th tthﬁ' sguare I?f its degradation; if tests done faster than one pulse per minute cause failure due to R.: 50-100MQ Re R, anti-static 2kv
peak amplituae at higher voltages; damaged protective devices, testing at one pulse per minute prevails R : 330Q - 4A £30%
S ’ Ve o ideal cal
= this suggests that the waveshape of L O——m " C 2 000 C.. 150pF P 0 x 5 T A
> B 4
,l transients is fe_urly constant over a mains == 1 1 t Relative humidity %
‘ range of amplitudes. supply P / 000 t =0.7-1ns 30ns 60ns Charge voltage versus RH and environmental materials
1000 ,A For peak voltages above _J-kV: the input L3 \ L3 o Current at indicated voltage of 4kV:
5 = number of recorded transients was Air discharge calibrated currents vary as ratio of Severiy level Testvolt. Test volt.
; i ; f indicated voltage, everity level est voltage | Test voltage
|nsqﬂ|p|ent to give a high degree of 'r?séct? nfe r\é?n :312 constant (environment) (contact) (@in
tatistical e
Vims statistical coverage. N YY" C N ESD generator equivalent circuit o
1 (35% RH, antistatic) 2kvV 2kv
= S elence T nLowoge Sy L= Lo =UT 200% R amista) | aos | v
— == Median energy measure [ | EMC, Vol EMC-29 No 2, May 1987, pp 104-115 T :|= - - 3 (50% RH, synthetic) 6kv 8kv
S (industrial locations) || PE @ @ PE IEC 61000-4-2 Electrostatic discharge specification 4 (10% RH, synthetic) 8kv 15kV
10 [ T T T TTT [ decoupling SA| ©O SB O
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_ SA, SB: line selection
i 100 18uF (SA switched to successive
) coupling lines, line-to-earth test
Advanced Test Solutions for EMC o_HH o ’
coupling/decoupling network > 1m between EUT

N ~/ (only L3, N and PE for Floor-standing EUT

T line to line | line to earth single-phase supplies)

and any other

table-top EUT conducting structure

insulated from o]

formerly Schaffner Test Systems

I ——
— — HCP direct application to EUT
CDN 110 (single phase = indirect
coooo oD 20 ( gie p ) > 1m between EUT — application
0 - = surge generator CDN 113 (3-phase) and any other _/horizontal coupling e to VCP
oolo0 o/p floating conducting structure \¢§ Ay~ plane (HCP) 1.6 x0.8m  gappjication
| W | 0eoloo e atleast 0.1m larger than
u AC, DC and 3-phase supply bl S0 e el etz
— : application "
" - surge coupling e " (| vertical -
)7 coupling 10em indirect
J— plane (VCP) |17 application
E & OE: Whilst great care has been taken in preparing this data, Teseq AG cannot be responsible in any way for any errors or omissions. 7y 0.5x0.5m \ to HCP
Standards are subject to change and it is strongly recommended that before any tests are carried out, the latest issue of the standard is obtained from the relevant standards body.
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IEC 61000-4-5: parallel combination of resistors to give:
—40Q, 1.2/50us surge
— 250, 10/700us surge

=
000000
o s |

M 2 H H Z;Jrgeeaaﬁr;zrator O=linetoearth o ; ITU-T K.20: resistors 25Q each bleed resistor connections
RI n g wave = I E 6 1 -4-1 celo0 P 1-4 = line to line -~ o to coupling planes (470K
(oY Jel¥e} 3 . at each end)
P @ =90V gas discharge tube surge arrestor L S ——
- S1* O — )
i min. 1m”, projecting >0.5m 10cm high
1.2/50us or 10/700us @ (Z G D6 beyond EUT or HCP insulating
) Lo generator as required | =1 on o pallet
Ring wave application IEC 61000-4-12 Rlng wave _-___-__-__-__-___-__"_"h‘-—-— ppp— >< . L ngrflj[ly
9 PP ‘h_"“‘“—-—-—‘_____ * Switch S1 is permanently ancillary protection | Eggr:ig; d ESD f bl dfl ding EUT
i B in position 0 if testing to the equipment creuits | NS~ lines O test set-up for table-top and floor-standing EUTs
Generator Minimum Application &2;9:.?:: /; f = 100kHz — second edition of IEC 61000-4-5 >< O
output repetition ISe U (no line-to-line coupling) LYY YN YV
impedance Z period 0.5us AN
20mH
05 ling/d ling network —
120 10s EUT_suppIy ports connected to major feeders ) ?;ul?r:ggieﬁg?f%g;gnlid ﬁr:es _ gm
Application between communication ports on cabinets open mains
interconnected with 10m long screened data comms cables circuit o |~ )\ supply
voltage fety isolati
30Q 6s EUT supply ports connected to outlets 9 ) L~ :li unshielded tsrz;:golrsrg;tlng
Zgﬁlil;l)erlga . protection i unbalanced needed for - -
2000 1s I/O ports, unless the test involves protection devices or filters, -0.5 circuits LYY lines surges on I t d d t t
in which case 12Q or 30Q is applicable L ~~Am :]i shielded lines Am I u e e n SI s ec ra
eak amplitude 60% of previous
A minimum of 5 positive and 5 negative transients are to be applied, both line to ground (common mode, P P eorp 20mH SA, SB: line select
simultaneously between all terminals and ground) and line to line (differential mode), and/or between cabinets -1 0 10 20 30 40 (SA switched to EUT
(communication ports) t (us) successive lines,
1.2/50us line-to-earth test) 1 120
) generator SA|©© 5 SBO ¢ e 10/700us tel
m 400 5 us telecom
= — L] (g 1 0.5uF o—L¢ ( ) ( ) PE ﬁsfsldecj 01 100 1.2/50us surge (combination)
Floor-standing EUT must i O rotective earth ; .
ﬁ be placed over a GRP s [ 20 ‘ ﬁormally connected [} 0.5us/100kHz ring
YTV . . ¥ = surge generator iti i 5 = ] H coupling to EUT's '
L1 L1 using a 0.1m insulating support o e H H olpg‘logting g?r‘:;(t:g:vfoﬁgﬁgl'ng/ % % line to line/ but must be isolated ! /| metallic enclosure or 5/50ns EFT
coupling 000 oed E 9 line to earth ft;'r_ surges on : /| direct to shielded cable 001 80 i
. 2 288 L2 Q Table-top EUT may or may not* = snieidediines P Solid lines are calculated from the Fourier transform of
mains (I . ) .
use a GRP; if present, the GRP i . _ dBuVs the waveform equations given below; dotted lines are
isnuppurily L3 T YN I L3 EUT is placed on top of a 0.8m high coupling/decoupling J i féhrzzlt%egot;ib(!er umn;x?rrntf:wt ervelopes a5 Shown in Annex B of IEC 1000.4.1. 1062
}able '?Ed Bhg EU‘It' r:}s Lnsul?te.d| network for unshielded, . allowed by EUT spec, 0.001 60 S All waveforms have a peak value of 1kV =
N T AN N 000 R A A e SRS unbalanced lines — — 2 bundled as necessary v \
0 20 °
C C C C EUT must be at least 0.5m from . . . cooooo surge generator 2nd EUT
i a0 J. s e [ other conducting structures Signal line and shielded 1.2/50ps Ry H H o/pgea?thed ECJ 10" 40 S\
TT T T T | cable surge coupling generator | || eolog ErEmEEiee] g
PE @ SA SB SC ) PE* cabinet . directly o
decoupling % 5 % 5 f 5 % N I = ; \
(attenuation >30dB 1 3 '. ground plane 10° 20 3
coupling/decoupling network differential mode, 2? ? ? ? T \
(onls L??, N andpPngor >20dB common mode) rofle S sD: | lecii Glroun?GrSfl':a)rence \I
; ) . —SD: line selection ane 4
single-phase supplies) ; ; Iinle to ea|1rth (switched between different pmin 1mx 1m, 10° o N
,3 =line to line lines, line-to-line test) projecting > 0.1m
N 1 10 k4 100 1 10 MH 100 1GHz
coupling capacitor C: gﬁii‘l)ir;d EeU'lI'J atnd g z
0.5uF for generator Z = 200Q Ty equp Equations 1 0
== 0 = B impedang:e depending on > 3uF for generator Z = 30Q ;
rem 2050 coeoco0oe = z test requirement > 10pF for generator Z = 12Q safety earth Source: IEEE C62.41: 1991, except ESD: IEC 61000-4-2 draft Ed 2
System H H ESD current waveform (4kV indicated voltage, t in ns)
2059 ceole 8 su;geﬂlenet_rator *if no GRP is used, the protective N NE \
QUL earths for the EUT and surge (7) (fj
generator must both be connected I(t) = 55- 1.3 exp(;t] +20.7- 12 exp[;t) 0.1 -20
I_* see note re. GRP directly to the CDN earth terminal AC’ DC and 3-pha$e supply 71+ ij 2 T[i]m 378
ring wave coupling 1.3 12 dBuAs
| EC 61000-4-4 2004 Surge voltage 1.2/50us waveform (t in ps)
ESD
o - - -t .
Electrical fast transient burst V()= 1087V, ‘[1— exp[fo_‘mD o0 g53) 001 40 1 Eor calibrated current waveform
. . EFT 5/50ns waveform (t in ns) HAS at 4kV indicated voltage
Waveform specifications
V(t) =127V, -[1— exp(;—gj ~exp(%)
Generic and product standards 0548100k g wavelom (1 s, = 2510 ) TR
Vpk = 1.0 _ V(t) =159V, -(1— exp(77t D ~exp(—7t )cos(mt) . .
Vpi and waveshape are calibrated 0533 9.788 Amplitude density spectra of test pulses
0.9 - into a 500 load with a voltage level
o half the open circuit value £10%,
standard Scope ESD EFT-burst surge L”ucl“s"e'dua' A e e, ATBE orr il & el
. . . L
EN 61000-6-1: | Residential, commercial & light | 4kv contact, 8kv air | 1KV AC power, 0.5kV DC power > 1KV L-L, 2kV L-E on AC power input; Vg level 5% lower than open circuit
2001 industrial generic to EN 61000-4-2 10m, signal and functional earth > | 0.5kV L-L & L-E DC power > 10m, t0 05
3m to EN 61000-4-4 EN 61000-4-5 t t
EFT - IEC 61000-4-4 EHErgy canten
EN 61000-6-2: | |ndustrial generic AKV contact, 8kV air | 2KV AC power, DC power >3m, 1KV [ 1KV L-L, 2kV L-E on AC power; 0.5kV N .
2005 t0 IEC 61000-4-2 signal and functional earth >3mto | L-L & L-E DC power connected to a ¢ d -
IEC 61000-4-4 distribution network; 1kV L-E signal 01 r 50ns +100ns ~15ns for 100002 100 —
> 30m, to IEC 61000-4-5 L Energy versus test level
t (ns) 10 = i A = sur
. ge — 1.2/50us V, 2Q
EN 55014-2: Household appliances etc. 4kV contact, 8kV air 1kV AC power, 0.5kV DC power, 1KV L-L, 2kV L-E on AC mains, to EN _ _ ) Transient energy E:i‘%:j 4 |—+— Surge-1.2/50usV, 120
1997 + A1: t0 EN 61000-4-2 signal and control > 3m to 61000-4-5 Common mode coupling only excess length folded (not coiled), 0.1m from GRP EFT burst test set-up and coupllng I _ ' . . o M |+ Suge—12/50ps V, 420
(2nd edition IEC 61000-4-4) The energy content of transients and surges is not simple to — = = = =
2001 EN 61000-4-4 define. The actual energy stored in the test generator is not all i ~ | T Surge-8/20s 1, 20
. , \ )\ / repetition frequency 5kHz or 100kHz +20% dissipated in the load. That proportion which is, depends on the Y /l-‘-'// . —8— Ring-120Q
EN 55020: 2002 | Broadcast receivers etc. 4kV contact, 8kV air [ 1kV AC power to EN 61000-4-4 Not required L1 AN L1 ratio cgstgest)ragri zr;% g;gz;ﬁtmlinggef:ﬁﬁzé Irnaglznviirﬁﬂéggo?gve : == f —— Ring- 300
to EN 61000-4-2 L2) \[/ ( \ Lo Etlr-:T at Iegst ?-5”‘ tfrontﬁ a time or frequency dependence. energyW | | ¥ = —— Ring - 200Q
other conductive structures % e _si
] ] - B \ y 000 (including generator and The "energy measure" of a given waveform can be described by 0.01 =4 & E:i B ?22:5022'2? bursts
EN 55024: 1998| Information technology equip- | 4kV contact, 8kv air | 1kV AC power, 0.5kV DC power, 1KV L-L, 2kV L-E on AC mains, 0.5kV (L3) \ L3 coupling clamp) Single burst duration T Joules - —A b o 20
ment to IEC 61000-4-2 signal and telecom > 3m to IEC L-E on DC power with outdoor N A A N burst of 15ms at 5kiz S= jv (tydt 10° — -
61000-4-4 cables, to IEC _61000-4_5; 1.5kv J_ L L>100pH + ferrite 000 coupling clamp pulses 0.75ms at 100kHz * which gives the energy thgt would be delivered by that voltage /
10/700[.]3 on S|gnal/telecom pOrtS T T T signal airlleast Ogmtfrom (75 U|S€S) waveform into a 1Q resistor, whether or not the generator is 10
with outdoor cables, to ITU-T K recs. PE @ NP I Vi PE ports gtruecrtl(j?ens uctive p capable of this (i.e., assuming zero output impedance). These —k =t
C = 33nF e \-- - = N / figures are shown in the lower graph opposite. . //'
EN 50130-4: Fire, intruder and social alarm | 6KV contact, 8kV air | 2kv AC mains supply, 1kV other 1KV L-L, 2kV L-E on AC mains supply; w cable length 0.5m EUT fg‘cbrf ngr;h;)me S U () W 1 A I N Alteratively, the actual energy delivered by the generator into 10 —
: = i i -4- - i i +5cm S ! cable to auxifiary defined resistive load can be calculated. For the ESD and EFT ~
;ggg +AZ: SyStemS to EN 61000-4-2 Squly/Slgna' lines to EN 61000-4-4 ;Ililvéljl (EO(())tlzfeSr supply/SIgnaI Imes, to Burst tor NSG3025 GRP equipment protected by t (ms) waveforms, these can be the calibration loads of 2Q and 50Q 10° ~
-4~ urst generator O—Q decoupling network respectively. For the surge and ring waves, a load which matches
the output impedance can be chosen, and the voltage or current 0.5 1 2 4 6 8 10
i i == = external waveform is delivered* into this resistance with half the open i e
EN 61326-1 Mea_surement! COI’]U’OJ and lab 4kV contact, 4kV air 1kV AC & DC power, 0.5kV I/0 signal/ 0:5KV power |_.-L, 1kV power & long ﬁ 50Q I o \ | ireuit (or short circut, for current) amplitude. In these cages the peak open circuit voltage (indicated voltage, ESD) kV
2006 eqguipment, min. requirements to IEC 61000-4-2 control > 3m to IEC 61000-4-4 distance 1/0 Slgnal/control L-Eto IEC © energy in Joules (watt seconds) is shown in the upper graph and 100
61000-4-5 * is given by |
= coupling clamp 10cm / \
EN 61547: 1995| General lighting equipment 4kV contact, 8kv air | 1KV AC power, 0.5kV DC power, sig- | 0.5kV L-L, 1KV L-E on AC power, to \ $ J B 15ms #20 Aaofor 5kHz . Lot (ijzdt . (l(t)szt 8 =2
+ A1: 2000 to IEC 61000-4-2 nal and control > 3m to IEC 61000 | |EC 61000-4-5 Teseq AG T al . - 0.75ms £20% for 100kHz = [\ = J1F ET = /{/ —a— suge
’ _ Nordstrasse 11F 0 0 measure i
. 4542 Luterbach ground reference short, direct connection h = 10 +1 cm for both floor-standing and where V() and I(t) are the open circuit voltage and short circuit 1 I/ ,E*{/ Ring
300ms +20% * *NB th e ¥ 9 -
: 0.5kV L-L, 1kV L-E on AC power; Switzerland plane (GRP), min. to ground plane — NB table-top equipment (2nd edition IEC 61000-4-4) length < 1m generator connected to end nearest EUT . ms £20% these parameters current waveforms, respectively. 2 = —m— EFT - single pulse
EN 300386 Telecom Telecom 4k contact, 4kv air | 1kv AC power, 0.5k DC power, out- | o' i door si ] - Tel: +41(0)32 68140 40 tosafety 7T cting S Repetitive are specified in the _ Vis =
network centres to EN 61000-4-2 door signal and indoor signal >3m ,”'<V o aUideer Slerel TEs. @ 2N g Fax: +41 (0)32 681 40 48 earth > 0.1m beyond on GRP to achieve least G = grounding connection for EUT according to bursts standard. but other Z;lgrsgygdrgﬁysr;rjetgo; ;(;r:;ipéﬁig:l\é%qucrgﬁsg;;ggC—atlrgﬁlgte:é e i [ —%— EFT -1 sec. of bursts
equipment, to EN 61000-4-4 100045 g ' o 2006 EUT and clamp possible inductance of link manufacturer's specification, length stated in test plan Asynchronous with el may be load impedance and characteristics, and the actual waveshape > |
. . s eseq . . ]
immunity Specifications subject to change power SUpply prog rammed for applied to this load, are known accurately ] P g
only Not telecom 6kV contact, 8kv air | 1KV AC power and DC power >3m, [ 1kV L-L, 2kV L-E on AC power; 0.5kV without notice. development testing 1he symbols on the graphs represent test levels 1 to 4 as defined 0.01
centres t0 EN 61000-4-2 0.5kV outdoor signal and indoor L-E indoor signal lines > 10m, 1kV Al trademarks recognised. e Simpliing assumpton s notfound i pracice as the curent and voltage -
signal > 3m to EN 61000-4-4 L-E on outdoor signal lines, to 4971006 t (ms) waeforms vary depending on the load impedance. 0.001 |
EN 61000-4-5 Duration of each burst application > 1 minute, both polarities mandatory 05 1 2 4

L-L = line to line; L-E = line to earth. Always check the appropriate standard for detailed applicability

peak open circuit voltage kV




