STATIC BEAT

By Dr. Kelly Robinson

Surface Resistivity Testing

esigning products to have good staric

performance is cheaper and more reliable

than upgrading manufacturing lines so

they can handle saatic-prone products.
Good product designs sure beat traveling to cus-
tomer sites 1o solve frustrating prablems.

To dissipate static, we need o provide a conducrive
pach 1o ground. However, making an insulating poly-
mer cven 2 licde bit conducrive s a big challenge.

One good strategy comes from realizing chat
static charges arc only on the surfaces of polymer
films. so we need conductive paths only on the
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Of course, to dissipate static, we don't need very
much conductivity. In fact, the numbers are so

small that it is casicr o ralk abour surface resistiv-

ity. which is the inversc of surface conducrivicy.
Before we can determine what surface resistivities

Standard Test Mechods for DC Resistance or
Conductance of [nsulating Matcrials, available ac
www.ASTM.org.

A significant improvement in resistivity mea-
surements is reporred by Adam Daire, “[mproving
the Repeatability of Ultra-High Resistance and
Resistivity Measurements.” Keithley [nscruments
White Paper 1808, Cleveland, OH (2001), avail-
able at www.Keithley.com. The altermacing polarity
method described in Keichley Whice Paper 1808
applics to surface resistivity measurements.

The surface resistivity of the sample in Figure 1

Contributing Editor surfaces of our polymers. A number of antistatic is determined by measuring the resistance (Ryyp o)
addicives for polymers are available that provide a between a grounded cireular electrode and an en-
low level of surface conductivity, and coatings can  crgized concentric ring electrade thac both touch
be formulated to provide some conducrivicy. the conducdive layer. To measure the resistance,

apply voltage (V111 t0 the ring electrode and
detece the current (I, ) chat flows through the
Guard Electrode [ ] Conductive Layer o the circular Sensing Electrode.
; ) — This current can be very small, commonly in the
SRR SEOI6 ARG ROER G SO0 LRyR } range of 1E-12 to 1E-7 amps, so ASTM D-257
_ - recommends using a Guard Electrode o reduce
Conductive Layer SLAYER o
— : oo variations causca‘l by scray currencs.
Energized | 1 | E?;?tfg:j% ! . The vol.umcmc resistiviey (Py o) oFthc. conduc-
Electrode . DELEC_ Conduciive rive Iaycrlls fou nd'from the measured resistance
Lo : Layer (Rypag) in Equation 1 where Ay 4« is the cross-
+ P \\/ Thickness sectional area of the current path.
VarpLIED > l [MEAS We almost never talk about the volumetric resis-
Elecrode Gap |V tivity of a thin laycr because the chickness (8, )
= — in Equation 1 is aften so small (perhaps only a few
malecules thick) thar icis difficulc to measure. One
Figure 1. The resistivity of the conductive surface layer on an insulating sample is practical way to avoid this problem is ra define sur-
measured by applying a voltage (V,, .1,) 10 the Energized Electrode (ring) and facc resistivity (Pgppacr) 1n Equation 2.
measuring the resulting current (1, . .) flowing from the Sensing Electrode to Now the surface resistiviry (Dg uyace) €an be
ground. The Guard Electrode protects the Sensing Elecirode from stray currents. found in terms of casily measured paramerers, and
it is a good measure of static performance becanse

Equation 1: Ry s = VAI’I’I.IEI)/ Lyeas = Pyor G/A.\uz,\s = Pvor G/n(DF.LF.c v G)al.!\\'ER 2 Pyor, = My aver (DEI.EC/G +1) (VM'PLIF.D/ IMK:AS)

surface resistivity determines how fast static charge
will dissipate from our film. While the formal units
of surface resistivity are ohms, the pracrical units of
ohm/square have been adopred o distinguish sur-
face resistivity from rhe resistance (R ¢,4).

The resistance (Ryyp ) should be measured care-
fully because it can be quite large. Wich an applied
voltage of 1,000 V and a currenc (145 ,5) of 10 pA,

arc nceded for our products, we need to measure
surface resistivity in a consistent and repeatable
way. Surface resistivity measurements are o im-

portant that thev ure covered by ASTM D-257

Rysgas 18 1E+14 ohms. Using a Sensing Elecrrode
wich a diamecer (D, ) of 50 mm wich a ring clec-
trode that forms a Gap (G) of 3 mm, the surface
resistivicy of our sample would be 5.6E+15 Q/sq. il#
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