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Best Solution for LF Noise Measurement   
Keysight E4727B (Advanced Low-Frequency Noise Analyzer; A-LFNA) allows you to measure the LF 

(Low Frequency) noise of semiconductor devices very easily. The E4727B consists of hardware and 

software. The user can measure LF noise by just entering the expected measurement conditions and the 

software will then set all parameters of hardware optimally. However, there are many challenges with LF 

noise measurement due to environmental noise surrounding the device under test. The noise source of 

environmental noise is mechanical machines, instruments, mobile phone antenna, grounding issues of 

the system, etc. It can be very difficult to find and isolate the specific root cause of the environmental 

noise. This Application Note shows tips on how to improve the environment noise for LF noise 

measurement. In addition, the powerful environmental noise remover “Auto Denoise” is introduced. 

 

  

E4727B Specifications  

• Frequency range: 30 mHz – 100 MHz 

• LNA Noise Floor: -185 dBV2 / Hz 

• LNA Corner Frequency: 15 Hz 

• External Resistor Values: 0 Ω – 100 MΩ 

• Minimum SId: 1E-28 A2 / Hz (Typ) 

• Minimum Bias Current: 30 pA (Typ) 

• Maximum Drain DC Bias: ± 200 V / ± > 0.1 A 
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Understanding Environment Noise Source 
The E4727B measures the low-frequency noise of semiconductor devices, and its noise level is very 

small and comparable to environmental noise. The environmental noise is mainly caused by AC power 

supply noise and electromagnetic induction.  

The E4727B consists of some of the hardware shown in Figure 1. Many users of E4727B are using a 

wafer probe station to measure their on-wafer devices. All these pieces of equipment in Figure 1, 

including the wafer prober station, operate on AC power. The quality of the AC power supply is one 

source of environmental noise. The other source is the ground loops (shown in a dotted red color line) 

made by the cables. These contribute to electromagnetic induction noise, which occurs when a magnetic 

field crosses the ground loops. This suggests two important steps in reducing environmental noise: keep 

AC power clean and minimize ground loops. 

 

Figure 1. LF noise measurement system highlighting potential ground loops 
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Figure 2 shows typical environmental noise data from an LF noise measurement. Two types are common: 

spike-type noise and hump-type noise. Spike-type noise mainly comes from distortion in the AC power 

line at its primary frequency (50 Hz or 60 Hz) and its harmonics. Also, radio waves of mobile or Wi-Fi 

systems can cause interference. Hump-type noise can come from grounding issues. While the effects of 

environmental noise are seen, specific root causes are harder to identify. 

 

(a) Spike-type noise (b) Hump-type noise 

Figure 2. Example data of environmental noise 

 

Reducing Environment Noise 
The LF noise level of a semiconductor device can be so small that its level is very similar to the 

environmental noise surrounding it. Minimizing environmental noise is important for precise LF noise 

measurements. The best ways to achieve reductions are isolating the noise measurement system from 

noisy equipment and improving the AC power and grounding of the system. Many physical steps can help 

meet these objectives. 

 

Isolate AC Power from Other Equipment 

AC power line noise can be managed by transformer isolating the AC power of the E4727B system, 

keeping it off the AC power line used by other noisy equipment as shown in Figure 3. Electromechanical 

devices often become a source of noise, for example, a Full-Auto Probe Station can create noise during 

operation. How far a distance to keep the E4727B away from noisy equipment can be difficult to quantify, 

more physical separation may help. Turning off unnecessary nearby equipment during LF noise 

measurements may also help. 
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Figure 3. Isolate E4727B’s AC power from noisy equipment’s AC power line 

 

Configure a Single-Point Ground 

A single-point ground is very important for LF noise measurement as a workaround for "common 

impedance" problems. When common impedance appears, the ground of the noise measurement system 

is affected by the AC power of other systems. Figure 4(a) shows an example of a multi-point ground 

system. The grounding point (A) of the LF noise measurement system is not stable due to the AC power 

current (I2, I3) and impedance (Z2, Z3, Z12, Z23) between the other systems. This imbalance is a big 

contributor to environmental noise. When the grounding point (A) is stabilized by single-point grounding 

as shown in Figure 4(b), it is possible to avoid the influence of other equipment. 

 

Figure 4. Comparison of grounding schemes 

 

The AC power of all equipment in the LF noise measurement system should come from one AC power splitter as 

shown in Figure 5 to realize the single-point grounding scheme.  
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Figure 5. Using an AC power splitter for single-point grounding 

 

Create Tight Ground Connections for Instruments 

The tight ground connection is the same purpose with the single-point grounding. This is important to 

reduce the ground impedance as shown in Figure 4(a), and the way to reduce the impedance is to 

connect the grounding among instruments tightly. The meaning of “tightly” is not just force, but a tightly 

electrical connection. By using thick, short cabling and large termination lugs, impedance is kept small. 

Figure 6 shows an example of the ground connection of E4727B and the wafer prober system. In this 

example, the single point of the ground is the platen of the wafer probe station, and all grounding 

connections start from the platen. This single-point ground is also called star-connection. The Main Unit of 

E4727B has four COM (circuit common) terminals and all terminals should be connected to the single-

point ground (prober platen). 
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Figure 6. Example of tight ground connections using a single-point ground schemes 
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Twist Cables for Less Induced Noise 

Twisting cables together is a good way to minimize ground loops and help reduce induced noise. Figure 7 

shows an example of twisting the cables of the Kelvin-Triaxial Cable between the Main Unit and DC 

Source/Monitor. 

 

 

Figure 7. Example of twisting cables together 

 

Appress Cables to Platen 

The prober platen is the reference point of the ground, and it is a very good way to appress the cables to 

the platen shown in Figure 8. This example shows how to appress 4 cables from the probe needles, and 

the ground loops are removed by appressing. The twist and appress the cables are the ideal way but 

using a shield tube is an alternate good way to twist and appress the cables to the plate.  

 

Figure 8. Example of appressing cables to the prober platen 
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Adjust Probe Needle Pressure 

Device oscillation or vibration of the probe system sometimes creates spike-type or hump-type noise. These 

subtle changes in measurement data look similar to environmental noise. If unexplained noise remains after 

the other suggested steps, adjusting the probe needle pressure may be another step to take. The red color 

trace in Figure 9 shows an example of a Source terminal of a FET probed with low needle pressure. By 

adjusting the needle pressure higher, the noise over 100KHz lessens as shown in the yellow color trace. 

 

Figure 9. Example with observed noise before and after needle pressure adjustment 
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Environmental Noise Removal by Software  
(Auto Denoise) 
As discussed, environmental noise is best addressed by physical countermeasures. However, it is very 

difficult to eliminate environmental noise completely, and often a low level remains after trying many 

solutions. For better measurements, the E4727B is equipped with Auto Denoise, a powerful software tool 

for removing the remnants of environmental noise. Auto Denoise can remove both spike-type and hump-

type environmental noise by post-processing measurement data in software. Figure 10 shows an 

example. The left side plot is before Auto Denoise, and the right side is after Auto Denoise runs. 

 

Figure 10. Example of Auto Denoise 
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Learn more at: www.keysight.com 

For more information on Keysight Technologies’ products, applications, or services,  

please contact your local Keysight office. The complete list is available at:  

www.keysight.com/find/contactus 
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Summary 
It is very difficult to remove or reduce environmental noise from LF noise measurements using only one 

solution. Attention to AC power supply isolation, single-point grounding, tighter ground connections, and 

twisting and appressing cables can help. Insufficient probe needle pressure may also contribute what 

appears as environmental noise to measurements. When all these physical steps have been applied, the 

Auto Denoise software post-processing feature of the Keysight E4727B Advanced Low-Frequency Noise 

Analyzer (A-LFNA) can remove the remnants of environmental noise yielding the most accurate LF noise 

measurements possible. 
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