
Simone Guglielmino Tutorial – 05 Signal Recovery 

1 

Tutorial – 05 

 

 

A) The minimum measurable signal amplitude is the signal needed to achieve a unitary SNR at the output of the 

preamplifier, to calculate the SNR, we can use the Equivalent Noise BandWidth (ENBW) of the preamplifier: 

𝑺𝑵𝑹 =
𝑽𝑷

√𝑺𝑵,𝑼 ∙ 𝑬𝑵𝑩𝑾
=

𝑽𝑷

√𝑺𝑵,𝑼 ∙
𝝅
𝟐 𝒇𝑷𝑨

= 𝟏 → 𝑽𝑷,𝒎𝒊𝒏 = √𝑺𝑵,𝑼 ∙
𝝅

𝟐
𝒇𝑷𝑨 ≅ 𝟔𝟐𝟕 𝝁𝑽 
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B) We do not know the exact shape, some information might be contained in the signal shape, so we must preserve 

the shape together with the amplitude, we can use a low-pass RC filter with an appropriate time constant.  

The rise of the signal can be expressed as: 

𝒙(𝒕) = 𝑽𝑷 (𝟏 − 𝒆
− 

𝒕
𝑻𝑺𝑷) 

Considering the rise time 𝑻𝑺 as the 𝟏𝟎% → 𝟗𝟎% rise time, we obtain a time constant of the signal equals to: 

𝑻𝑺𝑷 =
𝑻𝑺

𝐥𝐧(𝟗)
= 𝟎. 𝟐 ∙

𝑻𝑷

𝐥𝐧(𝟗)
≅ 𝟗𝟏𝟎 𝝁𝒔 

The bandwidth of the signal is thus equal to: 

𝒇𝒎𝒂𝒙 =
𝟏

𝟐𝝅𝑻𝑺𝑷
≅ 𝟏𝟕𝟓 𝑯𝒛  

To preserve the shape of the signal we must place the cut-off frequency at least a decade after 𝒇𝒎𝒂𝒙: 
𝟏

𝟐𝝅𝑻𝑭
= 𝒇𝑳𝑷 ≥ 𝟏𝟎 ∙ 𝒇𝒎𝒂𝒙 ≅ 𝟏. 𝟕𝟓 𝑲𝑯𝒛 → 𝒇𝑳𝑷 = 𝟐 𝑲𝑯𝒛 

For example, we can use 𝒇𝑳𝑷 = 𝟐 𝑲𝑯𝒛, using the Equivalent Noise BandWidth for a low-pass Rc filter, we obtain 

an amplitude for the white noise equal to: 

√𝝈𝒏
𝟐 = √𝑺𝑵,𝑼 ∙ 𝑬𝑵𝑩𝑾𝑹𝑪 = √𝑺𝑵,𝑼 ∙

𝝅

𝟐
𝒇𝑳𝑷 ≅ 𝟐. 𝟖 𝝁𝑽 

The minimum measurable amplitude is thus:  

𝑺𝑵𝑹 =
𝑽𝑷

√𝝈𝒏
𝟐

= 𝟏 → 𝑽𝑷,𝒎𝒊𝒏 = √𝑺𝑵,𝑼 ∙
𝝅

𝟐
𝒇𝑳𝑷 ≅ 𝟐. 𝟖 𝝁𝑽 

 

C) With the information on the shape, we can improve the results, the signal can be expressed analytically as: 

𝒙(𝒕) = 𝑽𝑷 ∙ 𝒃(𝒕) = {
𝑽𝑷 ∙ (𝟏 − 𝒆

− 
𝒕

𝑻𝑺𝑷)           𝑓𝑜𝑟    𝟎 ≤ 𝒕 ≤ 𝑻𝑷  

𝑽𝑷 ∙ 𝒆
− 

𝒕−𝑻𝑷
𝑻𝑺𝑷                                𝑓𝑜𝑟    𝒕 ≥ 𝑻𝑷  

 

The optimum filter for the signal described above is the one that matches its shape, the signal acquired is: 

𝒌𝒃𝒃(𝟎) = ∫ 𝒃𝟐(𝒕)𝒅𝒕
∞

−∞

= ∫ 𝟏 − 𝟐𝒆
− 

𝒕
𝑻𝑺𝑷 + 𝒆

− 
𝟐𝒕

𝑻𝑺𝑷𝒅𝒕
𝑻𝑷

𝟎

+ ∫ 𝒆
−𝟐 

𝒕−𝑻𝑷
𝑻𝑺𝑷 𝒅𝒕

∞

𝑻𝑷

≅ 𝑻𝑷 − 𝑻𝑺𝑷 

𝑺𝑵𝑹 =
𝒚

√𝑺𝑵,𝑩

=
𝑽𝑷

√
𝑺𝑵,𝑼

𝟐

√𝒌𝒃𝒃(𝟎) =
𝑽𝑷

√
𝑺𝑵,𝑼

𝟐

√𝑻𝑷 − 𝑻𝑺𝑷 = 𝟏 → 𝑽𝑷,𝒎𝒊𝒏 = √
𝑺𝑵,𝑼

𝟐(𝑻𝑷 − 𝑻𝑺𝑷)
≅ 𝟑𝟕𝟑 𝒏𝑽 

We can approximate the optimum filter using a Gated Integrator (GI): 

𝒘𝒎(𝒕) = 𝒓𝒆𝒄𝒕𝑻𝑮
(𝒕 − 𝒕𝒎 +

𝑻𝑮

𝟐
) 

Choosing 𝑻𝑮 = 𝑻𝑷 to simplify the analysis we obtain: 

𝒌𝒘𝒃(𝟎) = ∫ 𝒃(𝒕)𝒅𝒕
𝒕𝒎+𝑻𝑷

𝒕𝒎

= ∫ 𝟏 − 𝒆
− 

𝒕
𝑻𝑺𝑷𝒅𝒕

𝑻𝑷

𝒕𝒎

+ ∫ 𝒆
− 

𝒕−𝑻𝑷
𝑻𝑺𝑷 𝒅𝒕

𝒕𝒎+𝑻𝑷

𝑻𝑷

= 𝑻𝑷 + 𝑻𝑺𝑷 − 𝒕𝒎 − 𝟐𝑻𝑺𝑷𝒆
−

𝒕𝒎
𝑻𝑺𝑷 

To find the optimal acquisition instant 𝒕𝒎 we must find the maximum of 𝒌𝒘𝒃(𝟎): 

𝝏𝒌𝒘𝒃(𝟎)

𝝏𝒕𝒎
= 𝟐𝒆

−
𝒕𝒎

𝑻𝑺𝑷 − 𝟏 = 𝟎 → 𝒆
− 

𝒕𝒎
𝑻𝑺𝑷 =

𝟏

𝟐
→ 𝒕𝒎 = 𝑻𝑺𝑷 ∙ 𝐥𝐧(𝟐) ≅ 𝟎. 𝟔𝟗 ∙ 𝑻𝑺𝑷 ≅ 𝟔𝟐𝟖 𝝁𝒔 

Obtaining an acquired signal equal to: 

𝒌𝒘𝒃(𝟎) = 𝑻𝑷 − 𝑻𝑺𝑷 ∙ 𝐥𝐧(𝟐) 

Giving us a final SNR of: 

 𝑺𝑵𝑹 =
𝑽𝑷 ∙ (𝑻𝑷 − 𝑻𝑺𝑷 ∙ 𝐥𝐧(𝟐))

√
𝑺𝑵,𝑼

𝟐 𝑻𝑷

= 𝟏 → 𝑽𝑷,𝒎𝒊𝒏 = √
𝑺𝑵,𝑼 ∙ 𝑻𝑷

𝟐(𝑻𝑷 − 𝑻𝑺𝑷 ∙ 𝐥𝐧(𝟐))
𝟐

≅ 𝟑𝟖𝟎 𝒏𝑽 
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D) Considering the 𝟏/𝒇 noise, and without the information on the exact shape of the signal, we can use a high-pass 

CR filter to eliminate the baseline, to preserve the shape of the signal, we must impose 𝒇𝑯𝑷 ≪
𝟏

𝟐𝝅𝑻𝒑
, we can 

choose for example 𝒇𝑯𝑷 = 𝟏 𝑯𝒛, and since 𝒇𝑯𝑷 ≪ 𝒇𝑳𝑷 we can express the output noise as: 

√𝝈𝒇
𝟐 = √𝑺𝑵,𝑼 ∙ 𝒇𝑪 ∙ 𝐥𝐧 (

𝒇𝑳𝑷

𝒇𝑯𝑷
) ≅ 𝟐. 𝟕 ∙ √𝑺𝑵,𝑼 ∙ 𝒇𝑪 ≅ 𝟏𝟑. 𝟖 𝝁𝑽 

Using the amplitude of the white noise calculated at point B, we obtain a total noise amplitude of: 

 √𝝈𝒏
𝟐 = √𝝈𝒇

𝟐 + 𝝈𝒃
𝟐 ≅ 𝟏𝟒 𝝁𝑽 

The output signal can be considered unaffected by the high-pass filter, obtaining thus a minimum measurable 

input value of: 

𝑺𝑵𝑹 =
𝑽𝑷

√𝝈𝒏
𝟐

= 𝟏 → 𝑽𝑷,𝒎𝒊𝒏 = √𝝈𝒏
𝟐 ≅ 𝟏𝟒 𝝁𝑽 

 

E) Considering the 𝟏/𝒇 noise and the information on the shape of the signal, we can use the same high-pass CR 

filter as before, this time with a gated integrator with a time constant 𝝉𝑮 = 𝝉𝑷, and the same displacement 

calculated at point C (𝒕𝒎 = 𝑻𝑺𝑷 ∙ 𝐥𝐧(𝟐)), we can thus express the output noise as: 

√𝝈𝒏
𝟐 = √𝑺𝑵,𝑼 ∙

𝟏

𝟐𝑻𝑮
+ 𝑺𝑵,𝑼 ∙ 𝒇𝑪 ∙ 𝐥𝐧 (

𝟏
𝟐𝑻𝑮

𝒇𝑯𝑷
) ≅ 𝟗. 𝟖𝟖 𝝁𝑽 

The output signal is filtered by the gated integrator, giving: 

𝒚 = 𝑽𝑷 ∙ (𝑻𝑷 − 𝑻𝑺𝑷 ∙ 𝐥𝐧(𝟐)) 

Obtaining thus a minimum measurable input value of: 

𝑺𝑵𝑹 =
𝑽𝑷 ∙ (𝑻𝑷 − 𝑻𝑺𝑷 ∙ 𝐥𝐧(𝟐))

√𝝈𝒏
𝟐

= 𝟏 → 𝑽𝑷,𝒎𝒊𝒏 =
√𝝈𝒏

𝟐

𝑻𝑷 − 𝑻𝑺𝑷 ∙ 𝐥𝐧(𝟐)
≅ 𝟏𝟎. 𝟔 𝝁𝑽 

 


