
STATIC BEAT

Surface Resistivity Testing

Figure 1. The reSistiVity of the conduc(jve surface layer on an insulating sample is
measured by applying a voltage 0!-\rruw) to the Energized Electrode (ring) and

measuring the resulting current (IMEAJ flowing from the Sensing Electrode to

ground. The Guard Electrode protects the Sensing Electrode from stJay currents.

Standard Test Muhods for DC Resistance or
Conductance of Imu1ating Matcrials. avaibblc at
www.ASTM .urg.

A significant improvement in resistivity mea­
surements is reporred by Adam D<lire, "Improving
(he Repeatabi lit y of U!t ra- J-I igh Resi sran ce an d
Resistivity Measurements:' Keithley Instruments
White Paper 1808. Cleveland. OH (200l). ;Jv:\il­
able at www.Keithley.com. The alternating polarity
method describcd in Keithley White P:lpt.:r 1808
appl ies to su rf:lce res ist ivi ty mcasu remenrs.

Tht.: surface resistivity of the sa mp1c in Figure I
is determined by measuring the resistance (RMEA.'i)
bClw~-en a grou ndcd circula r electrode and an en­
ergized concentric ring electrode that both touch
the conductive layer. To measure tht· resistance.
apply voltage (VAI'I'UIoD) to the ri ng elt:ctrode and
detect the current OMEA ) that (]ow.~ through the
Conductjve Layer to the circular Sensing Electrode.
This current can be very smJll, commonly in the
rdnge of IE-12 [Q 1E-7 :Imps. so ASTM 0-257
recommends using a Guard Electrode (Q reduce
variations caused by Stray CUrrents.

The volumetric resistivity (P\OOL) of the conduc­
tive layer is fou nd from the measu red resistance
(RME,IS) in Equation 1 wheTt· A,\Il'AS is the cross­
sectional area of the currenl p:.ll h.

Wt· almost nel'cr talk about the volumetric re.is­
tivilY of a thin layer becausc rhe thickness (OLAYER)
in Equ;Hion I is often so small (pcrhaps only a few
molecules thick) that it is difficult to measurc. One
practical way to :.lvoid rhis problem is to define sur­
face resistivity (p, RFAC -) in Equarion 2.

Now the su rfaee resistivity (PSlJRI'... E) C:ln be
fou nd in tCf ms of casi ly me:lsured pa rameters. and
it is a good me.IS1JrC of SI;J1 ic performance because
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csigning proJllCt~ to h3.vC good static
per(orm;J nce i~ cheaper and more reliahle
rhan upgrad ing manu(;lcruring Ii nes so
they can handle sr:uic-prone products.

Good product designs su re beat travel ing to cus­
tomer sites to solve (rusrr:uing problems.

To dissipare st,Hic, we need [Q provide a conducrive
pJ.th to ground. However. making an insulating poly­
mer even a link bit conductive is a big chalJCI1ge.

Ont.: good srr:Hcgy comes from realizing th.u
static charges arc only on the su rfaces of polymer
films. so we need conductive paths only on the
surfaces of our polymers. A number of anristatic
additiws for polymers arc available that provide J.

low level of surface conductivity. and coatings can
be formulated to provide some conductivity.
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or course, [0 dissipate static. we don't need vcry
much conduclivity. In fact. the numbers arc so
small that it is easier [Q talk about surface resistiv­
ity. which is the inverse of surface conductivity.

Bdore we can derermine what surface resiSlivities
arc needed for our produc(.~, we need [0 measure
su rface resisri,'ity ina con istent :md n::pcatable
way. Su rfacc [('~isr ivir)' measun;ments are so im­
porrant thaI the"l' 'Irt: covered by ASTM 0-257

surface resist ivit}, dcrcrmi ncs how fasl static cha rge
will dissipatc from our film. While the formal unirs
of surface rcsiHivity arc ohms, the practlc.ll unitS of
oh m/square have been adopted to disti nguish sur­
face resi~tivil y from the resista nee (R ,VI EAS)'

The resistance (R~lFAS) should be mc-asu red care­
fully because ir un be quite large. With an applied
voltage of 1.000 V and a currene (IMEAS) of 10 pA.
RML\S is I E+ 14 ohms. Using a Sensing Electrode
wirh :I diamt:ter (D 'lE ) of 50 m m with a ri ng dec­
trode that forms a Gap «(;) of?> mm, the surface
resistivity of our sample wou ld be 5.6£+ 15 Q/sq.
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