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A) To remove the baseline 𝑽𝑪 we can use a constant parameter high-pass CR filer. 

To preserve the shape of the signal, the time constant 𝑻𝑯𝑷 of the filter must be bigger than 𝑻𝑷, furthermore, to 

preserve the information of the following pulses, 𝑻𝑯𝑷 must be smaller than the distance between the pulses: 

𝑻𝑷 ≪ 𝑻𝑯𝑷 ≪
𝟏

𝟐𝝅𝒇𝑷
→ 𝑻𝑯𝑷 = 𝟏𝟎𝟎𝑻𝑷 ≅ 𝟓 𝒎𝒔 ≪

𝟏

𝟐𝝅𝒇𝑷
  

To limit the white noise, we can use a constant parameter low-pass RC filter, given we can use a peak-detector, 

and we are only interested in the amplitude of the signal, we can express the output signal as: 

𝒚 =
𝑽𝑷
𝑻𝑳𝑷

∫ 𝐫𝐞𝐜𝐭𝐓𝐏(𝒕)𝒆
− 

𝒕
𝑻𝑳𝑷𝒅𝒕

∞

𝟎

=
𝑽𝑷
𝑻𝑳𝑷

∫ 𝒆
− 

𝒕
𝑻𝑳𝑷𝒅𝒕

𝑻𝑷

𝟎

= −𝑽𝑷 [𝒆
− 

𝒕
𝑻𝑳𝑷]

𝟎

𝑻𝑷

= 𝑽𝑷 [𝟏 − 𝒆
− 
𝑻𝑷
𝑻𝑳𝑷] 

The noise, can instead be written as: 

√𝝈𝒃
𝟐 = √𝑺𝑽 ∙

𝝅

𝟐
∙

𝟏

𝟐𝝅𝑻𝑳𝑷
= √𝑺𝑽 ∙

𝟏

𝟒𝑻𝑳𝑷
 

Using the optimal value for the time constant 𝑻𝑳𝑷 =
𝟒

𝟓
𝑻𝑷, we obtain the minimum measurable amplitude of: 

𝑺𝑵𝑹 =
𝒚

√𝝈𝒃
𝟐

=

𝑽𝑷 [𝟏 − 𝒆
− 
𝑻𝑷
𝑻𝑳𝑷]

√𝑺𝑽 ∙
𝟏

𝟒𝑻𝑳𝑷

= 𝟏 → 𝑽𝑷,𝒎𝒊𝒏 =
𝟏

𝟏 − 𝒆− 
𝟓
𝟒

√
𝑺𝑽
𝟒𝑻𝑳𝑷

≅ 𝟐.𝟐𝟐 𝝁𝑽 

 

B) Keeping the high-pass CR filter, we can replace the low-pass RC filter with a Gated Integrator with 𝑻𝑮 = 𝑻𝑷, 

obtaining thus: 

𝒚 =
𝑽𝑷
𝑻𝑷
∫ 𝐫𝐞𝐜𝐭𝐓𝐏(𝒕)𝐫𝐞𝐜𝐭𝐓𝐆(𝒕)𝒅𝒕
∞

𝟎

=
𝑽𝑷
𝑻𝑷
∫ 𝟏𝒅𝒕
𝑻𝑷

𝟎

=
𝑽𝑷
𝑻𝑷
[𝒙]𝟎

𝑻𝑷 = 𝑽𝑷 

The noise is instead: 

√𝝈𝒃
𝟐 = √𝑺𝑽 ∙

𝝅

𝟐
∙

𝟏

𝟐𝝅
𝑻𝑷
𝟐

= √𝑺𝑽 ∙
𝟏

𝟐𝑻𝑷
≅ 𝟐 𝝁𝑽 

The minimum measurable amplitude is: 

𝑺𝑵𝑹 =
𝒚

√𝝈𝒃
𝟐

=
𝑽𝑷

√𝑺𝑽 ∙
𝟏
𝟐𝑻𝑷

= 𝟏 → 𝑽𝑷,𝒎𝒊𝒏 = √
𝑺𝑽
𝟐𝑻𝑷

≅ 𝟐 𝝁𝑽 

 

C) Considering the presence of the 𝟏/𝒇 noise, we have, in case A: 

√𝝈𝒇
𝟐 = √𝑺𝑽 ∙ 𝒇𝑪 ∙ 𝐥𝐧 (

𝒇𝑳𝑷
𝒇𝑯𝑷

) = √𝑺𝑽 ∙
𝟏

𝟒𝑻𝑳𝑷
≅ 𝟗. 𝟖 𝝁𝑽 → 𝑽𝑷,𝒎𝒊𝒏 =

√𝝈𝒃
𝟐 + 𝝈𝒇

𝟐

𝟏 − 𝒆− 
𝟓
𝟒

≅ 𝟏𝟒 𝝁𝑽 

In case B we have instead: 

√𝝈𝒇
𝟐 = √𝑺𝑽 ∙ 𝒇𝑪 ∙ 𝐥𝐧 (

𝒇𝑳𝑷
𝒇𝑯𝑷

) = √𝑺𝑽 ∙
𝟏

𝟒𝑻𝑳𝑷
≅ 𝟏𝟎. 𝟕 𝝁𝑽 → 𝑽𝑷,𝒎𝒊𝒏 = √𝝈𝒃

𝟐 + 𝝈𝒇
𝟐 ≅ 𝟏𝟎. 𝟗 𝝁𝑽 

To improve the measurement, we can apply the high-pass filter only to the noise by using a Correlated Double 

Filtering, choosing to use acquisition windows with a width 𝑻𝑷 and distanced 𝑻𝑷, we have the weight function: 

𝒘(𝜶) =
𝟏

𝑻𝑷
𝐫𝐞𝐜𝐭𝐓𝐏 (𝜶 −

𝑻𝑷
𝟐
) −

𝟏

𝑻𝑷
𝐫𝐞𝐜𝐭𝑻𝑷 (𝜶 −

𝟑𝑻𝑷
𝟐
) →

{
 

 𝒇𝑳𝑷 ≅
𝟏

𝟐𝑻𝑷
    

𝒇𝑯𝑷 ≅
𝟏

𝟐𝝅𝑻𝑷

 

Given the low-pass and high-pass cut off frequencies are of the same order of magnitude, the logarithmic 

approximation is not accurate, doing the real calculation with the spectrum of the weight function, we obtain: 

√𝝈𝒏
𝟐 = √𝝈𝒃

𝟐 + 𝝈𝒇
𝟐 = √𝟐 ∙ 𝝈𝒃,𝑮𝑰

𝟐 + 𝑺𝑽 ∙ 𝒇𝑪 ∙ 𝟐. 𝟑 ≅ 𝟕. 𝟑𝟓 𝝁𝑽 → 𝑽𝑷,𝒎𝒊𝒏 = √𝝈𝒃
𝟐 + 𝝈𝒇

𝟐 ≅ 𝟕. 𝟑𝟓 𝝁𝑽 


