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Four-Point Probe System

Version: May 10, 2023

Accurate resistivity measurements are critical

when characterizing materials, but they are not
always easy to make such a measurement on
different material types, while they require different
instrumentation and techniques.
Electrical resistivity is a basic property that
defines how well a material conducts current. It’s
determined by measuring the resistance of a material
sample, then factoring in its geometry. The three
basic types of bulk materials: metal, insulator and
semiconductors can be defined by their resistivity.

e« Metals are good conductors of current with
typical resistivities of about 10-8 Q.m

e Insulators are poor conductors with typical
resistivities of about 107 to 10'° Q.m

¢ Semiconductors conduct current better than
insulator but not as well as metals; they may
fall anywhere from about 1075 to 10° Q.m

Ossila Four-Point Probe System ia a device to mea-
sure resistivity of bulk materials and thin layers
(nanometre range) at room temperature.

-

USB camera‘s

The system can measure sheet resistances in the
range of 100 mQ/0 to 10 MQ /0, enabling the char-
acterisation of a wide range of materials. If the
sample thickness was provided, then the average re-
sistivity in Q.m and conductivity S/m will also be
displayed.

The four-point probe head utilises gold-plated, gen-
tle spring-loaded contacts with rounded tips. This
results in a constant contact force of 60 grams, pre-
venting the probes from piercing fragile thin films,
whilst still providing good electrical contact.

System Specifications

1.27 mm

minimum 5 mm
minimum 5 mm

10 mm

+100 pV to £10 V
+1 nA to £150 mA

Probe spacing

Rectangular sample size
Circular sample size &
Maximum sample thickness
Voltage range

Current range

Sheet resistance range

(ohms per square)

Current range: | 4- Max 200 pA
1- Max 150 mA | 3- Max 2000 pA
2-  Max 20 mA 5-  Max 20 pA

Sheet resistance is a special case of resistivity
for a uniform sheet thickness. Commonly, re-
sistivity (also known as bulk resistivity, specific
electrical resistivity, or volume resistivity) is in
units of € -m, which is more completely stated
in units of Q- -m2/m (- area/length). When
divided by the sheet thickness (m), the units are
Q- -m-(m/m)/m = Q. The term ”(m/m)” cancels,
but represents a special ”"square” situation yielding
an answer in ohms. An alternative, common unit
is "ohms per square” (denoted €/00), which is
dimensionally equal to an ohm, but is exclusively
used for sheet resistance. 10 /0 has an actual
resistance of 10 2, regardless of the size of the square.

Page 1 of 4

100 m€2/0 to 10 MQ/0



Umea universitet, Institutionen for fysik, Linnaeus vag 24, 901 87 Umea
Operation manual, NanoLab

Performing a Measurement

Taking a measurement with the Four-Point Probe
System is simple, as it has a built-in source-measure
unit included in the system. After plugging the sys-
tem into the power and PC (USB cable) and connect-
ing the USB camera to the PC, start the USB camera

software amcap ©r and the Ossila
Sheet Resistance software m Ossila Sheet Resistance
(both found on the taskbar), and follow these steps:

1. Place the sample on the sample stage centered
under the four-point probe head. The tips should
be far from the sample edges (as the probe spacing
or higher), this is to measure in the center of the
sample if possible.

2. Use the micrometer to raise the sample stage
until the probes are in good contact with the sample.
check this process by the USB microscope.

Stroke
1.4 mm

60 grams

-0.24 mm

lZS grams

As the probes are spring-loaded, they will compress
as the sample is raised into them, creating a constant
contact force. If the sample is not centered, lower
the sample stage until the probes are not in contact
before repositioning it to prevent damaging the
probes.

OMEy
< :
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3. Set the appropriate Current range on the source-
measure unit (choose from left hand side column).
For this you will need to estimate the order of mag-
nitude of the sample. The lower the resistance, the
lower the required range number. If you do not know
what resistances are likely, start with range 1 (up to
150 mA current) and move down the ranges if the
target current cannot be achieved.

e
Ossila

Sheet Resistance

- 9/square

Current range setting

[r———)

Sample dimension setting

“| Layer thickness setting
P

4. Click the Measure but-
ton. The system will then try to apply the set target
current between the outer two probes. Once this has
been achieved, the voltage will be measured between
the inner two probes and the sheet resistance calcu-
lated from these values. Once the measurement has
fnished, the average sheet resistance will be displayed
in the results box on the right side of the window.

oied Gt vs Moo Ve
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Messre Gurens ()

1522 pm

Conductivity
657.1ks/m
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5. The resistivity and conductivity will also be
displayed if the sample thickness was provided.

Steps 3 and 4 can be reduced to a very short
and effective measurement step by using a second
measuring software Ossila Sheet Resistance Lite
I%) Ossila Sheet Resistance Lite, this would be a
better alternative if the current ranges are difficult
to estimate. Here you only press measure and stop.
By stopping the measurements you will see the last
measurement on the screen.
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IR Ossila Sheet Resistance Lite w1.0.4.1

System Address E

Sheet Resistance

Sample Geomeltry Rectangular ~
Long Side (mm) 26.00 2.
Short Side {mm) 26.00 B et e Q/ Sq uare
Thickness (um) 1000.000 (=

Use Advanced Settings
Probe Spacng (mm) | 1,270 2
Samples per Point | 8152 ot
Curent Range Autorange
Polarity Pogitive L

Voltage Limit (V) 10.50 >

Cument Limit (ma) | 220,00 =

Reset to Default

Outer Probe Voltage

It is possible to make an average over 200 measuring
points when this function is activated.

6. Measure at different points on the sample for
better accuracy. The precision of the measurement
with this system can vary between 0.05% uppto
5% depending on the sample and system setting
parameters. Precision is the maximum deviation
between identical measurements (useful for compar-

ative measurements).

Full measurement procedure can be seen in the
movie given in the link below:
https://www.ossila.com/products/four-point-probe-system?

variant=31916570945

Quter Probe Current

Conductivity

Inner Frobe Voltage

Readings bo Save  [200

O

~
SsSila

Material Resistivity Conductivity C

(conductor) p, (Q2.m) o (S/m) (nm)
Silver 1.6 x10°8 6.2 x107 —
Copper 1.7 x10® 5.9 x107 —
Gold 2.2 x108 4.5 x107 —
Aluminum 2.6 x10°8 3.8 x107 —
Tungsten 5.0 x108 2.0 x107 —
Zinc 5.9 x108 1.7 x107 —
Cobalt 6.0 x10°8 1.7 x107 —
Nickel 7.0 x10°8 1.4 x107 —
Indium 8.0 x10® 1.2 x107 —
Iron 9.7 x10°8 1.0 x107 —
Platinum 11 x10® 9.4 x106 —
Tin 11 x10® 9.1 x106 —
Chromium 13 x108 7.9 x10° —
Titanium 40 x10°8 2.5 x106 —
Nichrome 110 x108 9.1 x106 —
ITO 1x10® 1.0 x10° —
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Trouble-shooting
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1. The Applies Voltage vs Measured Current and Applied current vs Measured Voltage are not liner and
looks chaotic.
Cancel measurement

Cancel

. Check on camera pictures if the probes are in good contact

with sample surface. Check if you are measuring on the correct sample side (not the back side, uncoated
side). Change the current range to lower range. The lower sample resistance, the lower the required
current range number. If none solved the problem? Meanings you sample is totally insulator (sheet
resistance cannot be measured by this device).

I3 Ossile Sheet Resistance v2.0.3.3

Save Settings

B Default =
Connection Type use .
I —
S —
Samples per Point. 2048 *.
Probe Spacing (mm) 1270
Target Curent (mA) 10.000
Maximum Valtage (V) 10.000
Voitage Increment (V) 0.010
Repeats 25
Geometry Rectanguiar -
Long Side (mm) 120.00
‘Short Side (mm) 15.00
Diametes (mm) 1
‘Thickness (um, optional) 0.100

Sheet Resistance (S/square)

Measured Current (LA)

Appled Vokage vs Measured Current

Appled Current vs Measured Vokage

Measured Voltage (mV)

15.21

15.208

15.206

15.204

15.202

100 200 300 200 362
Applied Voltage (mv)

Sheet Resistance Measurements

358 336

358 352 35 348 346 344

Applied Current (pA)

15.198

15.196

15.194

15.192

1518

15.188

4 [ 8 10 12 14
Measurement

- o x

&.
Ossila

Sheet Resistance
- Q/square
+-0/square
Resistivity

=Q2.m

£-nm
Conductivity
-S/m

%-5/m

‘Save After Measurement @ on O off
Sove Diectory [ WsersPC1 2]
Sanple Name  |Sample 1

Save Results

Caleusting sheet resstance 7
Calaiatng resstity and conductaity

18
18;

:51: Dcormected v

2. The Applies Voltage vs Measured Current and Applied current vs Measured Voltage are not liner.
Check if the probes are in good contact with sample surface and/or change the current range to lower

I3 Ossile Sheet Resistance v2.0.3.3
Save Settings
B o -

Connection Type use i
System Address comM3 =
CurentRange 2 Mx2ma -
Samples per Point 048 ¥
Prase Spadng () 12m
Target Curent (mA) 10900
Maximum Valtage (V) 10.000
Voltage Increment (V) 0.010
Repeats 25
Geometry Rectanguar -
Long Side (mm) 20.00
‘Short Side (mm) 15.00
Diameter (mm) 1

Measured Current (mA)

Sheet Resistarice (%/square)

Appied Vokage vs Measured Current

Appled Current vs Measured Vokage

Measured Voltage (mV)

15.65

15.63

15.62

15.61

200 300 400 500 [} 1
Applied Voltage (mv)

Sheet Resistance Measurements

Applied Current (mA)

15.50

15.58

Measurement

\/R\\/’/\\'(\//\/
L 5 I.D 12 14 16 1‘5 2

0 2

- o x

E
Ossila

Sheet Resistance
15.6 ©/square

+ 20.26 m/square
Resistivity

1.56 p.m

£2026 pm
Conductivity

641 kS/m

48309 5/m

‘Save After Measurement @ on O off
Save Directory [C:Weers\PC1 B]

Sanple Name  |Sampie 1
.Save Results

resstance
Caicuiating resisbity and conductvity
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