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CORRECTION FACTOR TABLES FOH FOUR-POINT PROBE RESISTIVITY HEASUREMENTS
O THIN, CIRCULAR SEMICONDUCTOR SAMPLES

Lyden J, Swartzendruber i
'l.
Extensive tables of the geometrical cotrectjon
_ factors for four-point probe reafstivity maaaﬁré@enta
i on thin, edircular semiconductor samples with all
" surfaces insulating are piven, (1) for an lo=lipe
probe srray displaced radially with points along a
dismeter, (2} for an Iin-line probe array displaced
radially with the line of peinte perpendicular to
a diamecer, and (1) for a displaced aguare probe
STCTAY .

L. INTRODUCTION

When measuring the resistivity of a thin, circular sample of
samiconductor material, a four-point probe is often used, TE{T*
probe may be edther the fin-line atfa a8 described by Valdes or the
square array as described by Uhlirl2)., By moving the probe over the
semicondectyr gample an idea of the sample resistivity varistions can
be obtainedld), However a geometrical correction £actor, which iz 3
function of the position of the probe on the sample, must be applied
far correct results, The tables below give this correction factor
for the cages {llustrated in figures 1, 2 and 3. These tables apply
to eircularly shaped samples having a uniform thickness which 1is less
then sbout one-half the probe spacing, and having all surfaces of the
gample in contact with an insulating medium, For greater sample
thicknesses an additiomal correction factor, as given by Smitgi[“] is
neceggary. If the sample thickness i lesa than 0.5 of the probe spac-
ing, the thickness correctipn is less than 0,3%, If the sample
thickness ie legs than 0.4 of the probe spacing, the thickness corrme-
ticn factor will be legs than 0.05%. The tables are given to gix
significant figures, all of which would selidom be required, and only
these necessary to achieve the degired accuracy need be used.

TABLE T

This table applies to the case shown in figure 1. The .sample
rasistivity is given by

p=2 vp (., -

* Figures in braschkets imdficate the literature references at the and .
of this papar,




where p is the resistivity in chm-em, V is the potential difference
meagured across the two voltage probes inm volts, I is the current
being passed through the two current probes in amperes, t is the
sample thickness ino cm, and F, is the correction factor given in
table I, Factor F, applies w%en either the two outer probes, or the
two ilnner probes, are being used to pass current, with the two
remaining probes being used to measure voltage,

F, is given as a function of the dimensionless parameters s over r
and A over r, where 8 is the probe spacing, r is the sample radius, and
& is the probe displacement off center, as defined in figure 1., A
sub~table is given for each value of s over r from 0,01 to 0,66 in steps
of 0.0l. Each sub-tsble gives the factor F., for values of A over r
from 0,00 to 0,99 in steps of 0,0l. For example, when s over r is
0,02 and A over r ig 0,81, F, is 4,49925, When the value 0, appears in
the table for F,, the value of A over r is such that the probe is no
longer completeiy on the sample,

TABLE 1I

This table applies to the case shown in Figure 2, The sample
resistivity is given by

0
I
=

t F2 | (2)

where p is the registivity io obm-ecm, V is the potential drop measured
across the two voltage probes in wvolts, I is the current being passed
through the two current probes in amperes, t is the sample thickress in
em, and F_, is the correcticn factor given in table 11. Factor F
applies w%en either the two outer probes, or the two inner probes, are
being used to pasg current, with the two remining probes being used

to measure voltage, :

F, 18 piven as a function of the dimensionless parameters s over r
and & over r, where s is the probe spacing, r 1s the sample radius, and
A is the probe displacement off center, as defined im figure 2. A sub-
table 1s given for each value of s over r from 0.0l to 0.66 in steps of
0,0l. Each sub-table gives the factor F, for values of A over » from
0.00 to 0,99 in steps of 0.0l. For example, when s over r is 0.02 and
4 over'r is 0.8Ll, F, is 4.,49961, Where the value 0, appears in the
table for F,, the value of A over r 1s such that the probe 1s no longer
completely On the sample.

TABLE 1II
This table applies to the case shown in Figure 3. The sample
resistivity Is given by

y ' .
p:"]-_t?s : (3

o — — o i




where p 1s the sample resistivity in ohm-em, V is the potential drop
measured across the two voltage probes in volts, I is the current
passing through the two current probes in amperes, t is the sample
thickness in em, and F, is the correction facter given in table III,
Factor F_. applies when, in Figure 3, either the pair of probes 1 and
2 or the pair of probes 3 and &4 1is being used to pass current, with
the remaining pailr of probes being used as voltage probes.

P_ is piven as a function of the dimensionless parameters s over T
and A over r, where s is the probe spacing, r is the sample radius
and A is the probe displacement, A sub-table is given for each wvalue
of 8 over r from 0,01 to 0.70 in steps of 0,01, Each sub-table gives
the value of F, for values of A over r from 0.00 to 0,99 in 5teps of
0,01, For example, when s over r is 0.02 and A over r is 0,81,
is 9.02097. Where the value Q. appears in the table for F th: %alue
of A over r is such that the probe is no longer completely un the sample,

CALCULATIONS
Ehe ﬁnrmulas used to calculate F and F, are given else-
where and are listed below for r&fergnce_
3 1
F1={1112 ) ( 1-1-'[||1:l
where
A &
. { [1-( r};-— }][1-——-E - ]m}
=352 ! _'E_L_g_g_g___ _‘_2‘_2“'3 4, 28
[1 {r zr}(r }][1 =L p AL 5 }]
= 1 1
F2 = Qaz 1+ q’
where <
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o = (Vg + V3 + (0, + 1)
s = (Vp = V)% + (1 -~ 4 )?
o, = (V, + V07 + (I ~ 5 )
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where

Ma =

By

Ba
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Pe

D,
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=
k] .D.*
_ A lsas 1 .8.5
1 {r r] 4 (r}
Vo = = 5e7)
Dy
b 184, 1 8.4
=+l QE + P rl 4 {r}
¥aq
Oy
= 4 1 s Ll (B.z
Da=() + 2,__} +¢(rJ
= 4 ., 18w .1 8.
D, =(1 + = + 3 r] + " {r] (6)

This work has been supported by the Advanced Research Projects
Agency under Order No, 373-62.



REFERENCES

L. B, Valdes, Resistivity Measurements on Germanium for Transistors,
Froe. IRE, wol, 42, pp. 420-427; February, 1934,

A, Uhlir, Jr., The Potentiasls of Infinite Svstems of Sources and
Numerical Solutions of Problems In Semiconductor Engineering, Bell
Sys. Tech, J., wvol, 34, pp. 105-128; Janvary, L1955,

L, J. Swartzendruber, to be published,

F. M. Smitas, Mesgsurement of Sheet Resistivities with the Four-Point
Frobe, Bell Sys. Tech, J., wol, 37, pp. 711-718; May, 1958.

M. A. Logan, &n AC Bridge for Semiconductor Resistivity Measure-
ments Usinz a Four-Point Probe, Ball Sys, Tech., J,, vol, 40,
pp. BB5-919; May, 19561,



Fig. 1. Geometry for table I,

The four-point probe is dis-
placed with all four points
lying on a diameter,

Fig. 2. Geometry for table II,
The four-point probe 18 dis-
placed with the line of points
perpendicular to a diameter,

Fipg. 3. Ceometry for table IIL.
The center of the square

four-point probe is displaced
a distance & as shown.
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