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Typical Measurement Setup
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Divider

Vin VoutZ1

Z2
𝑍1 > 𝑍2

𝑉𝑜𝑢𝑡 =
𝑍2

𝑍1 + 𝑍2
𝑉𝑖𝑛
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Divider: Examples

Vin VoutZ1

Z2

𝑍1 > 𝑍2

𝑉𝑜𝑢𝑡 =
𝑍2

𝑍1 + 𝑍2
𝑉𝑖𝑛

Vin VoutR1

R2

Vin VoutC1

C2
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Source Drain Box

Vac/in R1

R2

Vdc/in

Vac/dc/out
R3

R4
Vac/in

Vac/dc/out

C1

C2

Vdc/in R1

R2
Cutoff frequency 𝑓𝑔 =

1

2𝜋𝑅𝑡𝑜𝑡𝐶𝑡𝑜𝑡
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Amplifier

𝐼𝑆 = 𝐼𝐷 + 𝐼𝐺 = 𝛽 + 1 𝐼𝐺

𝐼𝑆 =
𝑉𝑖𝑛
𝑅𝑆

≈ 𝐼𝐷

𝑉𝑜𝑢𝑡 = −𝑅𝐷 ∙ 𝐼𝐷 = −
𝑅𝐷
𝑅𝑆

∙ 𝑉𝑖𝑛
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Transistor

Base
B

Gate
G

Collector
C

Drain
D

Emitter
E

Source
S

Equivalents in FETs, JFETs, MOSFETs
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High Pass FilterVin VoutZ1

Z2

Vin VoutZ1

Z2

C

R

𝑉𝑜𝑢𝑡 =
𝑍2

𝑍1 + 𝑍2
𝑉𝑖𝑛

𝑉𝑜𝑢𝑡 =
𝑅

1
𝑖𝜔𝐶

+ 𝑅
𝑉𝑖𝑛

𝑉𝑜𝑢𝑡 =
𝜔𝑅𝐶

1 + 𝜔2𝑅2𝐶2
𝑉𝑖𝑛
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Low Pass FilterVin VoutZ1

Z2

Vin VoutZ1

Z2

R

C

𝑉𝑜𝑢𝑡 =
𝑍2

𝑍1 + 𝑍2
𝑉𝑖𝑛

𝑉𝑜𝑢𝑡 =

1
𝑖𝜔𝐶

𝑅 +
1
𝑖𝜔𝐶

𝑉𝑖𝑛

𝑉𝑜𝑢𝑡 =
1

1 + 𝜔2𝑅2𝐶2
𝑉𝑖𝑛
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I/V Converter
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Differential Amplifier
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Low Pass FilterVin VoutZ1

Z2

Vin VoutZ1

Z2

R

C

𝑉𝑜𝑢𝑡 =
𝑍2

𝑍1 + 𝑍2
𝑉𝑖𝑛

𝑉𝑜𝑢𝑡 =

1
𝑖𝜔𝐶

𝑅 +
1
𝑖𝜔𝐶

𝑉𝑖𝑛

𝑉𝑜𝑢𝑡 =
1

1 + 𝜔2𝑅2𝐶2
𝑉𝑖𝑛
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Lock-In
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Input and Output



15

Phase Sensitive Detection
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Phase Sensitive Detection – Mathematical View

𝑉𝑖𝑛 = 𝐴 cos 𝜔𝑡 with 𝜔 = 2𝜋𝑓

𝑉𝑝𝑠𝑑 = 𝐴 cos 𝜔𝑡 ∗ 𝐵 cos 𝜔𝑡 + Θ

= ൗ1 2𝐴𝐵 cos Θ + ൗ1 2𝐴𝐵 cos(2𝜔𝑡 + Θ)

𝑉𝑟𝑒𝑓 = 𝐵 cos 𝜔𝑡 + Θ

Output signal proportional to
➢ magnitude of A
➢ cosine of the angle between output and reference signal

and modulated by
➢ components at twice the reference frequency (2𝜔𝑡)
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Backup Section
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Amplifier

𝐼𝑆 = 𝐼𝐷 + 𝐼𝐺 = 𝛽 + 1 𝐼𝐺

𝐼𝑆 =
𝑉𝑖𝑛
𝑅𝑆

≈ 𝐼𝐷

𝑉𝑜𝑢𝑡 = −𝑅𝐷 ∙ 𝐼𝐷 = −
𝑅𝐷
𝑅𝑆

∙ 𝑉𝑖𝑛
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I/V Converter


