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Two Terminal vs. Four Terminal Measurements



Two Terminal Measurement
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4-terminal measurement
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Now you can measure the sample-only

resistance

How do | connect this information to a property of a crystal?
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How reliable is
this formula?
What are the
assumptions?



Try to Answer the Following Questions

* 1) What happens if the sample is too thick?

* 2) When do you want to make your contacts as small as possible?
(Try to solve the questions in your worksheet)
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What if you turn on the magnetic field?
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Magnetotransport
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Corbino disk
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How can you measure small sighals in the
presence of a noisy environment?



Limitations of DC Measurements? Noisy
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AC measurement: Is it ideal?
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Can | use a low-pass filter?
If | can shift the frequency to the driving frequency.
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Basic Trigonometry Review

1
sinAsinB = = [cos(A — B) —cos(4 + B)]

2/ \
If A and B’s are This becomes a higher
frequencies, you can frequency, so you want to
reduce the frequency to get rid of it.
zero if A=B




Simple Schematic of a Lock-in Amplifier

Input Signals

Ay sin(wgt + 6g) | =

Ag sin(wt + 6;) | =—> g

GAC(AA_AB) Sin(wst + Hs)

AC Amplifier Mixer/Multiplier Low Pass Filter DC Amplifier

1
E{GAC(AA_AB)ATCOS[((US - wr)t + Hs — 9r]
—cos[(ws + w, )t + 65 + 6.}

Sine Out (Can be fed to your input signal if you want to use w,)

Reference Sine Signal
A, sin(w,t + 6,)

1
> {GacGpc(Ag—Ap)A,cos[(ws — w,)t + b
- 91']}




If you use w, as wg, and phase is locked (8, = 6,)

Input Signals AC Amplifier  Mixer/Multiplier Low Pass Filter DC Amplifier

Ay sin(w,t + 6,) | =
8 SN
Agp sin(w,t + 6,) |=—> g

GAC (AA_AB) Sin(wrt + 93)

1
E{GAC(AA_AB)ArCOS[(wr - wr)t + 91” — 97‘]
—cos[(w, + w,)t + 0, + 6,.]}

1
5 GacGpc(Aa—Ap)Ar

Reference Sine Signal
A, sin(w,t + 6,)

Your Lock-in kindly divides these (A,—Ag)
prefactors for you for display. A B
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Low Pass Filter
Controlled by Time
Constant

Differential Signal
with these BNC
inputs

Somewhere inside
(uncontrollable)
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/ Consider core as “source”

Consider shell as “Ground”

Using a “BNC short” shorts the
core and shell. This can be
thought as establishing a ground
path of your circuit.

‘ What is inside

The core of the bncs are connected
to a resistor and the outershell are
shorted together.



Exercise 1: Try to measure a 100 Ohm resistor
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Measure the voltage
difference between
3 and 4.

1

Current is flowing from the core of BNCs including terminal 1 to 2 and then returning back to the shell.
Conveniently, one can think as if 2 is ground and current is flowing from sine out-> 1 ->2.



Exercise 2: Two terminal resistance
measurement

1) Setup a Two-terminal resistance measurement configuration.

2) Create a table and check two terminal resistance.
* Check linearity and frequency dependence.



Exercise 2: Try to measure the sample (Four-
terminal resistance)

1) Setup a four-terminal resistance measurement configuration.

2) What is Ry 4.5 6 = Vs ¢/l5.4

* Check linearity and frequency dependence.

3) Change the sensitivity, time constant, etc. settings to good values.

4) If you choose a time constant that is too short, what happens? Is it noise?



Common Mode Rejection Ratio (If Time left):Important if measuring very small resistance

Vo =Aa(Vy = V) + 3 A (Vi + V)




Classic Differential Amplifier




Non-ideal case

https://www.electronics-tutorials.ws/opamp/opamp_5.html
I R3

EDGELEC 100pcs 10K ohm Resistor 1/2w
(0.5Watt) 1% Tolerance Metal Film Fixed Resistor,
Multiple Values of Resistance Optional

Visit th GELEC Store

isit the EDGI > Stor
Wikl - 3,313 ratings | 15 answered questions

in Single Fixed Resistors
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Get Fast, Free Shipping with Amazon Prime
& FREE Retums ~

Size:

[E5PO11] 10K ohm v

+ Metal Film Resistor: Excellent Noise Suppression, Moisture-Prof, High Temparature
Resistance And Long Working Life.

+ +1% Tolerance range: Maintaining Sccuracy Over Time

+ Product: 10K ahm 1/2w (0 5watt) -100 pes

erimage to zoom in + Aaxial-Lead Resistors: Wide Variety Of Applications: Arduino, Electronic And
R4 Electrical Experiments

+ Anti-static Bag Sealed Packaging: Easy to preserve and use.
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Discussion Questions

* In the current 4-terminal measurement configuration, what is the
smallest voltage (or resistance) value you can measure?

* |s there a quick way to check if Common mode is significant?
* How can | improve CMRR?
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