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Gas chromatography
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Thermal conductivity detector

Thermal conductivity depends only on temperature & molar fraction 
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𝑘
• Independent of pressure
• Highly contrasted between light gases 

(H, He) and other gases

𝑘𝑚𝑖𝑥 = 

𝑖

𝑘𝑖(𝑇)

1 + σ𝑗≠𝑖 𝜙𝑖𝑗

𝑥𝑗

𝑥𝑖

For a mixture of gases 1 and 2, with 𝑥2, 𝑥2 the molar 
fractions of each gas:

𝜙𝑖𝑗 Interaction term, very weakly dependent on temperature
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Thermal conductivity detector
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Applications

Gas chromatography (measure the concentration of 
separated components)

Leak detection (of Helium & Hydrogen)
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Thermal conductivity detector
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Principle

Thermal conductivity is a material property that measures the transfer of heat by conduction

Bead (87oC)

Wall (60oC)

ሶ𝑄 = 𝑘𝑚𝑖𝑥

𝜋

2
𝛿∆𝑇

Heat rate

• Independent of the flow velocity
• Independent of gas pressure
• Wall & bead temperature are tightly 

regulated

Bead diameter

Temperature difference

Thermal conductivity
Sample gas

Inlet Outlet
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Constant temperature TCD
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Regulation of the bead temperature

NTC: 2-in-1 device that measures temperature (resistance variation) and creates heat (Joule heating)

+ -
Analog

controller

R0
bead

Tbead

Vout

T-sensor heater

Negative temperature coefficient (NTC) resistor

Rbead

Rbead

Tbead

bead
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Constant temperature TCD
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Regulation of the bead temperature

The sensor measures the amount of heat needed to maintain the bead at the temperature setpoint

+ -
Analog

controller

R0
bead

Tbead

Vout

T-sensor heater

Rbead

Amount of withdrawn heat depends on gas 
composition in the detector cell
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Noise analysis
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Trace gas

The temperature does not explain well the 
sensor noise

𝑈2 = 𝑘𝑚𝑖𝑥𝑅𝑁𝑇𝐶

𝜋

2
𝛿∆𝑇

𝑘𝑚𝑖𝑥 ≈ 𝑘𝐻𝑒 1 + 𝑥𝑖

𝑘𝑖

𝑘𝐻𝑒

1

𝜙𝑖,𝐻𝑒
− 𝜙𝐻𝑒,𝑖

Output 
voltage/baseline
[measurement]

~10-6

2
𝑑𝑈

𝑈
=

𝑑𝑘𝑚𝑖𝑥

𝑘𝑚𝑖𝑥
+

𝑑∆𝑇

∆𝑇

Thermal conductivity 
variation /baseline
[signal]

Temperature fluctuations
[noise]
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Trace gas

𝑈2 = 𝑘𝑚𝑖𝑥𝑅𝑁𝑇𝐶

𝜋

2
𝛿∆𝑇

𝑘𝑚𝑖𝑥 ≈ 𝑘𝐻𝑒 1 + 𝑥𝑖

𝑘𝑖

𝑘𝐻𝑒

1

𝜙𝑖,𝐻𝑒
− 𝜙𝐻𝑒,𝑖

Output 
voltage/baseline
[measurement]

~10-6

2
𝑑𝑈

𝑈
=

𝑑𝑘𝑚𝑖𝑥

𝑘𝑚𝑖𝑥
+

𝑑∆𝑇

∆𝑇
+

𝑑𝛿

𝛿
+

𝑑𝑅𝑁𝑇𝐶

𝑅𝑁𝑇𝐶

Thermal conductivity 
variation /baseline
[signal]

Resistor error/baseline 
[noise]

Bead diameter 
error/bead diameter
[noise]

Any resistor has:
- 1/f noise (flicker noise)
- Thermal noise (white)  <- our noise is white

RNTC ~ 3 kΩ 

𝑈𝑡ℎ = 4𝑘𝐵𝑇𝑅~7.4
𝑛𝑉

√𝐻𝑧
 ~ 0.012

𝑐𝑜𝑢𝑛𝑡𝑠

𝐻𝑧

Expected thermal noise is 100 times smaller than 
the experiment (1.53 counts/sqrt(Hz))
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Then that leaves only the 1/f noise…
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Excess 1/f noise:
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Quantification using Hooge’s law

𝑆𝑅𝑅

𝑅2
=

𝛼𝐻

𝑁Ω𝑓

Resistance 
variance/Hz

Resistance
mean value

Hooge coefficient

Carrier density

Resistor 
volume

frequency

NTC
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Noise model
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High fidelity electro-thermal model

Experimental NTC noise spectra at various 
bead temperatures (oC) 

Experimental TCD noise spectra
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Noise model
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Asymptotic analytical model

Assume bead temperature perfectly regulated

=> The bead temperature changes to cope with the noisy 
resistance

𝑑𝑅 =
𝜕𝑅

𝜕𝑇
𝑇∗ − 𝑇 + 𝑛 = 0

This changes the voltage on the bead:

V∗2

𝑅
=

𝑇∗ − 𝑇𝑤

𝑍

With the power spectral density of n 
given by Hooge’s noise expression:

S n =
𝑆𝑅𝑅

𝑅2
=

𝛼𝐻

𝑁Ω𝑓

Low-frequency asymptote:

High-frequency asymptote:

Thermal impedance of the bead

Wall temperature
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Minimization of the noise
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Sketch of a perfect bead

Independent of the circuit, mainly depends on the NTC geometry & material

Low Hooge 
coefficient

T = 2Tw
Small bead (less glass)

High charge 
carrier density

High temperature 
coefficient

High ambient fluid 
thermal 
conductivity

Larger NTC

High bead effusivity
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