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Abstract

This study represents an extension of an effort that was
originated by King and Reynolds in 1980, and presented

to the 1981 IEEE EMC Symposium (1) held at Boulder, CO.
In the 1981 presentation, ESD impulse waveforms were re-
ported as measured from two conditions: Human-direct;
and, human through small hand-held metallic objects that
were intervening in the discharge path, Using a com-
patible measurement approach, this effort expands the
study to be inclusive of metallic-mobile furnishings
found typically in the office and/or data processing
environment, such as desk chairs and push-carts.

Cursory sample measurements were additionally taken to
illustrate impulse waveform variability at selected
amplitudes, describing different effects due to different
Electrostatic Discharge locations on the surfaces of a
desk chair. Other sample measurements provide indication
of other impulse results if the desk chair were to be
replaced by a stool-type "lab chair". As in the previous
publication, the conceptual goal of this effort was to
develop information derived from actual ESD events that
would facilitate the design of an ESD test generator
which could produce impulse waveforms in reasonable but
realistic simulation of actual ESD events for these ESD
"furnishings" event conditions.

Retrospective Overview

As reported in the 1981 publication, the impulse charac-
teristics of ESD dynamically varied as the initializing
(charge) amplitude was varied. The dramatic alterations
encountered in the waveshapes as the initializing level
was incrementally increased confirmed the hypothesis

that waveform measurements derived from incrementally
varied amplitudes were required to fully characterize

the ESD event continuum. Generally, it was found that
the impulse waveforms derived from lower-level initial
amplitudes exhibited ultra-fast risetimes between 200
picoseconds (the 1imit of the measurement capability)

and 500 picoseconds, while the impulse waveforms derived
from higher static levels exhibited risetimes in the
approximate range between one nanosecond and several tens
of nanoseconds. The waveform components providing the
ultra-fast risetimes were also found to be confined to
exceptionally small pulse widths, typically in the area
of a few hundred picoseconds, developing intense currents
between the general range of a few tens of Amperes to
over 100 Amperes. The more-conventional ionization-based
impulses developing risetimes of one nanosecond (or more)
exhibited peak currents up to a few tens of Amperes with
base widths up to approximately 500 nanoseconds,

although typical values were usually less than 200 nano-
seconds. The development of multiple impulses within the
framework of what was considered a 'single' ESD event

was investigated in the previous effort, as was the duty
cycle (or, periodicity) among events within the time
envelope of 'one' event. Although the suggestion that
ESD events were encountered with risetimes as fast as

200 picoseconds was recognized as unconventional (if not
controversial) by the authors at the time of publication,
another presentation by Carruth, et al, (2) at the same
symposium hypothesized that dielectric discharges may
exhibit risetimes faster than 100 picoseconds, based on
statements made by Leung, the presentor. Given the back-
ground of the study effort provided above, measurements
were taken on the ESD dynamic characteristics of impulses
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developed from human interaction with mobile-metallic
furnishings, based on the measurement techniques pre-
viously used, and with the ESD initializing amplitude
incrementally ascending to determine the impulse wave-
form alterations attendant to the amplitudes.

Measurement Approach

As in the previous study, the conceptual measurement

goal was to determine the ESD waveforms and waveform
characteristics for the 'source' ESD events in as low an
impedance measurement system as was considered practical.
The foundation for this approach is that if the 'source'
characteristics were known, and adequately simulated in
an identical measurement-evaluation condition, then an
eventual 'system-in-test' would respond to the simulated
impulses in an equal manner compared against the 'actual'
ESD occurrence (through furnishings).

Reference is made to the 1981 publication (1) for the
details of the development of the measurement system
and approach, to enhance brevity here, although the
following is provided to aid understanding of this
effort., The essential components of the measurement
method consisted of: a) A discharge 'load', of known
impedance characertistics; b) An exceptionally wide
bandwidth oscilloscope system; and, ¢) A reference plane
arrangement to ‘'capture' the distributive impedances
from the human and furnishing under evaluation. The
impedance characteristic of the 'load' was designed to
partially compensate for higher frequency roll-off in
the osc11105cope system, resulting in an enhanced-band-
width measuring system.

Measurement 'Discharge' Load:

The discharge 'load' consisted of a circular array of
nine, 1.8 Ohm carbon-composition resistors, providing

an initial impedance of 0.2 Ohms. The array was matched
to the 50 Ohm input of the oscilloscope, through which a
coupling loss of 6dB was experienced. With the 6dB loss,
the Toad yielded an equivalent response of 1.0 Ampere
per 0.1 Volt indicated on the oscilloscope. An insertion
loss profile of the Toad indicated a 'flat' response
within 4dB from 0 - 1.0GHz, elevating in impedance by
approximately 8dB between 1.0GHz and 1.5GHz. This
impedance increase compensated for the 'scope roll-off,
approximately. Figure A-1 of Appendix I illustrates the
insertion loss profile of the load.

Oscilloscope System:

The Oscilloscope System consisted of a Tektronix 7104
main frame with a Type 7A29 Vertical Amplifier and a
Type 7B15 (or Type 7B10) Time Base. The system provided
an instantaneous analogue bandwidth of 1.0GHz, a write
speed of 200 picoseconds in the amplitude ranges used,
with the bandwidth rolling-off by 8dB at 1.5GHz. The
amplitude response of the oscilloscope actually used for
this effort is provided by Figure A-2 of Appendix I. The
frequency response deviation curve for the measurement
system as utilized may be gained by combining the load
response curve and the response curve of the oscilloscope
system, as provided in the Appendix. The approximate
net system response deviation is provided By Figure 1.
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Incremental Level Measurements ;
Personnel ESD Through Mobile Furnishings

In reviewing all data to follow, it should be noted that
external coaxial attenuators were occasionally utilized
in the test arrangement, changing the actual scale that
is otherwise annotated by the oscilloscope legends.

500 Volts Initialization Level

Condition 1 - Human Seated in Desk Chair, ESD from
Chair Base.

Figure 2
Vert: 10 Amp/Div.
Time: 20 nSec/Div.

Displayed:
Ip: 42 Amps Spike
20 Amps Surge

Figure 3
Vert: 10 Amp/Div.
Time: 5 nSec/Div.

Displayed:
Ip: 35 Amps Spike
19 Amps Surge

Figure 4
Vert: 10 Amps/Div.
Time: 1 nSec/Div.

Displayed:

Ip: 32 Amps Spike

Tr: 300 pSec

Width: 450 pSec
Approx.

Condition 2 - Human Seated In Desk Chair, ESD From
Arm Rest Frame

Figure 5
Vert: 10 Amp/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 44 Amp Spike
18 Amp Surge

Figure 6

Vert: 10 Amps/Div.
Time: 500 pSec/Div
Displayed:

Ip: 41 Amp Spike
Tr: 400 pSec

Condition 3 - Human Moving Push Cart

Figure 7
Vert: 5 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 14 Amps Spike
22 Amps Surge

Figure 8
Vert: 5 Amps/Div.
Time: 1 nSec/Div.

Displayed:
Ip: 19 Amps Spike
21 Amps Surge

Tr: 450 pSec

Figure 9
Vert: 10 Amps/Div.
Time: 500 pSec/Div.

Displayed:
Ip: 37 Amps spike
17 Amps Surge

Tr: 400 pSec.

From the 500 Vo1t Tevel results above, all furnishings
tend to exhibit an early component (spike) current of
approximately 30 to 40 Amps, and a first-cycle surge of
between 18 and 22 Amps. The early-component risetime
indications typically fall between 300 and 500 pico-
Seconds. The first-cycle surge widths appear to fall
between 10 nanoseconds and 20 nanoseconds.

1,000 Volts Initialization Level

Condition 1 - Human Seated in Desk Chair, ESD From
Chair Base

Figure 10
Vert: 10 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 45 Amps Spike
25 Amps Surge

Figure 11
Vert: 10 Amps/Div.
Time: 1 nSec/Div.
Displayad:
Ip: 36 Amps Spike

Tr: 450 pSec



(1,000 Volts, Continued)

Condition 3 - Human Moving Push Cart (Condition 2 Not
Evaluated)

Figure 12

Vert: 10 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 55 Amp Spike
35 Amp Surge

Figure 13

Vert: 10 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 33 Amp Spike
32 Amp Surge

Figure 14

Vert: 10 Amps/Div.
Time: 500 pSec/Div.

Displayed:
Ip: 58 Amps Spike

Tr: 350 pSec.

(2,500 Volts, Continued)

Condition 2 - Human Seated In Desk Chair, ESD From
Arm Rest Frame

Figure 17
Vert: 10 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 42 Amps Spike
42 Amps Surge

Figure 18
Vert: 10 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 58 Amps Spike
50 Amps Surge

Figure 19
Vert: 10 Amps/Div.
Time: 20 nSec/Div

Displayed:
Ip: 50 Amp Spike
(Contrast poor)

2,500 Volts Initialization Level 37 Amp Surge

Condition 1 - Human Seated In Desk Chair, ESD From
Chair Base

Figure 15

Vert: 10 Amps/Div.
Time: 20 nSec/Div.

Displayed:
Ip: 40 Amp Spike
32 Amp Surge

Figure 16

Vert: 10 Amps/Div.

Time: 2 nSec/Div.

Displayed:
Ip: 45 Amps Spike

Figure 20
Vert: 20 Amps/Div.
Time: 1 nSec/Div.

Displayed:
Ip: 84 Amps Spike

Condition 3 - Human Moving Push Cart

Note: The following impulse sequence illustrates the
transistion between high level 'early' components, term-
ed 'spikes', and the predominance of ionization-based
'surges'. The 2,500 Volt initialization level appears to
represent this transistion point for the furnishings
derived impulses. Personnel exhibited other transistion
leyels as reported in the 1981 publication.

Figure 21
Vert: 20 Amps/Div,
Time: 20 nSec/Div.

Displayed:

Ip: 64 Amps

Note 30 Amp early
component.
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(2,500 Volts, Condition 3, Continued)

Figure 22

Vert: 20 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 64 Amps Surge

Figure 23

Vert: 20 Amps/Div.
Time: 10 nSec/Div.

Displayed:

Condition 1,

(5,000 Volts,

Figure 28
Vert: 10 Amps/Div.
Time: 20 nSec/Div.

Displayed:
Ip: 38 Amps

Figure 29
Vert: 10 Amps/Div.
Time: 20 nSec/Div.

Displayed:
Ip: 62 Amps Surge Ip: 45 Amps, lst
48 Amps Spike component ,
52 Amps, 2nd
component
Figure 24 ) Figure 30
Vgrt:ZZOSAmps(D1v. Vert: 10 Amps/Div.
Time 2 nSec/Div. Time: 20 nSec/Div.
Displayed: Displayed:
Ip: gg imps éurge Ip: 43 Amps, 1lst
mps Spike component,
54 Amps, 2nd
component
5,000 Volts Initialization Level
Condition 1 - Human Seated in Desk Chair, ESD From i
Figure 31

Chair Base

Figure 25

Vert: 10 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 35 Amps

Tr: 7 nSec

Figure 26

Vert: 10 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 42 Amps
Tr: 8 nSec

Figure 27

Vert: 10 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 46 Amps
Tr: 6nSec

Vert: 20 Amps/Div.
Time: 10 nSec/Div.
Displayed:

Ip: 50 Amps

Figure 32
Vert: 20 Amps/Div.
Time: 10 nSec/Div.

Displayed:
Ip: 50 Amps

Figure 33

Vert: 20 Amps/Div.
Time: 10 nSec/Div.
Displayed:

Ip: 44 Amps



The results illustrated by Figures 25 through 33 above (5,000 Volts, Continued, Condition 3)
provide indication of the variability in waveforms that iy ;

can be experienced due to small changes in the mechanical
attitude and motion toward the ESD load point. If the
approach velocity and attitude are held relatively uni-
form from impact-to-impact, then relatively similar wave-

Figure 39
Vert: 20 Amps/Div.
Time: 5 nSec/Div.

shapes will be developed, as is the example established Displayed:
between Figures 25 through 28. Ip: 110 Amps
Condition 2 - Human Seated in Desk Chair, ESD From
Arm Rest Frame. (5,000 Volts, Cont.)

Figure 34
Vert: 20 Amps/Div. Figure 40
Time: 10 nSec/Div. Vert: 20 Amps/Div.
Displayed: Time: 5 nSec/Div.
Ip: 75 Amps  EEEEEEEEGE e Displayed:

Ip: 88 Amps
Figure 35

Vert: 20 Amps/Div. 7,500 Volts Initialization Level

Time: 10 nSec/ Div,
Displayed:
Ip: 85 Amps

Condition 1 - Human Seated In Desk Chair, ESD From
Chair Bas

l Figure 41
| Vert: 20 Amps/Div.
. Time: 20 nSec/Div.

Displayed:

Ip: 56 Amps
Condition 2A - Sample Test - ESD From Lab Chair L

=

Figure 36
Vert: 10 Amps/Div.
Time: 20 nSec/Div.

Displayed:

Ip: 46 Amps

Note early component
formation.

Figure 42
Vert: 20 Amps/Div.
Time: 5 nSec/Div.

Displayed:
Ip: 56 Amps

Figure 37
Vert: 10 Amps/Div.
Time: 20 nSec/Div.

Displayed:

Condition 3 - Human Moving Push Cart (Condition 2 Not
Ip: 37 Amps

Evaluated.

Condition 3 - Human Moving Push Cart (5,000 Volts, Cont.)

Figure 38 o 1 5
Vert: 20 Amps/Div. i !
Figure 43 Figure 44

Time: 10 nSec/Div.

4 Vert: 50 Amps/Div. Vert: 50 Amps/Div.
Displayed: R : A 4
Ip: 79 Amps Time: 20 nSec/Div. Time: 20 nSec/Div.

Displayed: Displayed:
Ip: 155 Amps Ip: 90 Amps

(Figures 43 to 44 illustrates pulse-to-pulse variations).
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At the level of 7,500 Volts, an occasional double-pulse
was observed while recording the results of Figures 41
and 42 (Desk Chair Condition). Although this double
pulse did not occur consistantly enough to photograph,
the observed spacing between the pulses was usually be-
tween 60 and 100 nSec. A similar double-pulse effect is
found in the 10kV data below.

10,000 Volts Initialization Level

Condition 1 - Human Seated In Desk Chair, ESD From
Chair Base

Figure 45
Vert: 20 Amps/Div.
Time: 20 nSec/Div.

DispTayed:

Ip: 90 Amps
Tr: 9 nSec

Figure 46
Vert: 20 Amps/Div.
Time: 20 nSec/Div.

Displayed:
Ip: 70 Amps
Spacing: 130 nSec

Condition 3 - Human Moving Push Cart (Condition 2 Not

Evaluated)
Figure 47
Vert: 50 Amps/Div.
Time: 20 nSec/Div.
Displayed:
Ip: 125 Amps
Figure 48

Vert: 50 Amps/Div.
Time: 20 nSec/Div.

Displayed:
Ip: 170 Amps

Figure 49
Vert: 50 Amps/Div.
Time: 20 nSec/Div.

Displayed:
Ip: 100 Amps

15,000 Volts Initialization Level

Condition 3 - Human Moving Push Cart (Conditions 1 & 2
lot Evaluated)

Figure 50

Vert: 50 Amps/Div.
Time: 20 nSec/Div.
Displayed: Ip= 220 Amps

Figure 51

Vert: 50 Amps/Div.
Time: 20 nSec/Div.
Displayed: Ip= 200 Amp

Conclusions

The results of this effort provided photographically,
tend to indicate that the conceptual circuit model that
was advanced in the 1981 publication (1) for human events
is also operative for the human-furnishings conditions
with some parametric changes. Although the 'early' com-
ponents may be recognized in both publications, the point
of transistion from ultra-fast risetimes to ionization-
based risetimes is significantly lower in static level
for the 'furnishings' conditions, by a factor of at least
two. Additionally, the 'early' conponents do not appear
to achieve as much impulse current for the ‘furnishings'
conditions, as in the 'human-with-small-object' condition
by an approximate factor of two or three against the data
previously published. The longer-risetime ionization
based segment currents, are significantly greater than
those encountered in the 'human conditions'. (The maxi-
mum human-derived ionization-based currents were less
than 40 Amperes, peak, even at levels up to 20kV). It
should also be considered that the spectral energy dis-
tribution for the 'furnishings' events appear to vary
greatly from furnishing condition-to-condition, as well
as from furnishing to human conditions. These variations
among furnishings suggest that a thorough replication of
the furnishings conditions through a test simulator is
probably not reasonable (although replication was essen-
tially achieved for human conditions) due to the unique
properties of each possible furnishing. Despite that
conclusion, however, the magnitude of the currents pro-
duced through furnishings suggested by these results im-
plies that specific system/product areas that could be
subjected to furnishings impacts should probably be sub-
jected to simulation of furnishings-derived ESD impulses
to determine susceptibility performance. As a suggestion,
based on these results, such a simulation could provide
an early component, measured at 1,000 Volts, of between
40 and 50 Amperes with a waveshape similar to those of
Figures 11 or 14, extending to an ionization-based com-
ponent, measured at 5,000 Volts, of between 40 and 50
Amperes, exhibiting a waveshape similar to those of
Figures 25 through 28. It is suggested that simulation
of the higher currents associated with larger furnishings
may be impractical due to the excessively low impedances
required both of the test simulator and of the test
arrangement.

References

(1) King, W. & Reynolds, D. "Personnel Electrostatic Dis-
charge: Impulse Waveforms Resulting From ESD of Humans
Directly and through Small Hand-Held Metallic Objects
Intervening in the Discharge Path", Proceedings 1981
1EEE Int'1l EMC Symposium, Pgs 577-590.

(2) carruth, B., Farhoomand, J., Garrett, H., Leung, P.,
Robinson, P., & Whittlesey, A. "r.f. Characterization of

218



(References, Continued)

Dielectric Discharges", Proceedings 1981 IEEE Int'l
EMC Symposium, Pgs 576, also, Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, Calif.

o
< Ground Plate
Circular Array, 9, 1.854

Carbon Resistors
\ 50 Ohms, Feed R
_T__—‘_ :}L’///”//’_—

o |«——BNC, to 'Scope

Marker 1

m
I

Displayed: 51dB to 42dB Insertion Loss
From +11 dBm Signal Level
A-la A-1b

Load Arrangement Figure A-1 Insertion Loss
__________________________________________________ Load

£~1.0 Ghz Mfg'r. Spec. j<

==—=5hield'd Room

‘(/"‘05c111oscope
System

dB

}
.
|
|
|
|

foaxia] Cable

—ﬂzlgiziitem

el Ak L R B T\ N Vinyl ;‘
L haptfcri=nlg - ! Tile Load
it o o Dl o |
1 ..MA.’.‘I. g | Il b4 e
/1 0 srea r/eo  pivee Diee &

!
|

| |
s e

$ Coaxial Cable
Figure A-2 Figure A-3
Oscilloscope Response General Test Arrangement
Py 5 P
24" <——ESD Point
o ,/’//r /’// ey SGL
ESD Point - : 1F1" x 10" e—1 L-par
(25" Above Floor) Game 26" Frame
L w5 3/4"
ESD Point —__ \

i _4—?- . - gy |

Figure A-4 Figure A-5
Desk Chair Push Cart

10"

120

ESD Point ~""‘““~ﬁ~‘_ﬁ,

Note: Drawings Are
Not To Scale

125" Figure A-6
I VAN Lab Chair




	Rpt 2 Pg 1-2
	Rpt 2 Pg 3-4
	Rpt 2 Pg 5-6
	Rpt 2 Pg 7-8
	Rpt 2 Pg 9

