
Simone Guglielmino Tutorial – 07 Signal Recovery 

1 

Tutorial – 07 

 

 

A) The total power spectral density at the input of the preamplifier is given by the contributes of the preamplifier’s 

own noise sources and the noise source of the resistor, the noise spectral density of the resistor is: 

√𝑺𝑹,𝑼 = √
𝟒𝒌𝑩𝑻

𝑹𝑳
≅ 𝟎. 𝟏

𝒇𝑨

√𝑯𝒛
 

The noise power spectral density of the resistor is negligible, the output noise can thus be considered as deriving 

only from the preamplifier (i.e., its current and voltage input referred sources). 

We can approximate the transfer function of the input referred source as a single pole response: 

𝑺𝒏(𝝎) = 𝑺𝑽 |
𝟏

𝟏 + 𝒋𝝎𝝉𝑨𝑴𝑷
|
𝟐

+ 𝑺𝑰 |
𝑹𝑳

𝟏 + 𝒋𝝎𝑹𝑳𝑪𝑳
|
𝟐

|
𝟏

𝟏 + 𝒋𝝎𝝉𝑨𝑴𝑷
|
𝟐

≅ 𝑺𝑽 |
𝟏

𝟏 + 𝒋𝝎𝝉𝑨𝑴𝑷
|
𝟐

+ 𝑺𝑰 |
𝑹𝑳

𝟏 + 𝒋𝝎𝑹𝑳𝑪𝑳
|
𝟐

 

We can express the amplitude of the output noise using the Equivalent Noise BandWidth (ENBW): 

√𝝈𝒏
𝟐 ≅ √𝑺𝑽,𝑼 ∙

𝝅

𝟐
𝒇𝑷 + 𝑺𝑰,𝑼 ∙ 𝑹𝑳

𝟐 ∙
𝝅

𝟐
∙

𝟏

𝟐𝝅𝑹𝑳𝑪𝑳
= √𝑺𝑽,𝑼 ∙

𝝅

𝟐
𝒇𝑷 + 𝑺𝑰,𝑼 ∙ 𝑹𝑳

𝟐 ∙
𝟏

𝟒𝑹𝑳𝑪𝑳
≅ 𝟏𝟏𝟐 𝝁𝑽 

To achieve a minimum SNR of 𝟏𝟎, we need a minimum input amplitude of: 

𝑺𝑵𝑹 =
𝑽𝑷

√𝝈𝒏
𝟐
= 𝟏𝟎 → 𝑽𝑷,𝒎𝒊𝒏 ≅ 𝟏. 𝟏𝟐 𝒎𝑽 
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B) To improve the sensitivity of the system we can add an optimum filter, to do so, we have to design a whitening 

filter to flatten the noise spectrum (the optimum filter theory is valid only for signals in white noise). 

The whitening filter must have a zero to compensate the pole at 𝒇𝑳 =
𝟏

𝟐𝝅𝑹𝑳𝑪𝑳
≅ 𝟖𝟎 𝑯𝒛 and a pole to flatten the 

response at the frequency 𝒇𝑪 at which the amplitude of the two noise sources is the same: 

𝒇𝑪 = 𝒇𝑳 ∙ 𝑹𝑳√
𝑺𝑰
𝑺𝑽
≅ 𝟖𝟎𝟎 𝑲𝑯𝒛 → 𝑯𝑾(𝝎) =

𝒇𝑳
𝒇𝑪
∙
𝟏 + 𝒋𝝎𝒇𝑳
𝟏 + 𝒋𝝎𝒇𝑪

= 𝟏𝟎 𝟎𝟎𝟎 ∙
𝟏 + 𝒋𝝎𝒇𝑳
𝟏 + 𝒋𝝎𝒇𝑪

 

After the whitening filter, we can consider the noise as having a white spectrum: 

𝑺𝒏,𝑼 = 𝑺𝑽,𝑼 

The whitening filter also affects the signal, to find the signal at the output, we can consider the effect of the two 

filters (the low-pass input filter and the whitening filter) as a single low-pass filter with a cut-off frequency 𝒇𝑪: 

𝑯(𝝎) = 𝑯𝑳(𝝎) ∙ 𝑯𝑾(𝝎) =
𝟏

𝟏 + 𝒋𝝎𝒇𝑳
∙  
𝟏 + 𝒋𝝎𝒇𝑳
𝟏 + 𝒋𝝎𝒇𝑪

=
𝟏

𝟏 + 𝒋𝝎𝒇𝑪
 

To proceed with the analysis, we need to find the expression of the original signal 𝑰𝑷. 

The signal at the output of the first low-pass filter is a ramp, given the short time of observation (𝑻𝑺 ≅ 𝟐𝟎 𝝁𝒔) 

and the time constant of the filter (𝑻𝑳 = 𝑹𝑳𝑪𝑳 ≅ 𝟐 𝒎𝒔), we have that the original signal is compatible with a 

rectangular pulse (𝑻𝑳 ≫ 𝑻𝑺, we are observing the start of the exponential curve): 

(𝟏 − 𝒆
−
𝒕
𝑻𝑳) ≅

𝒕

𝑻𝑳
 

Regarding the amplitude, we have that the voltage at the output is proportional to the charge in the capacitor: 

𝑨 =
𝒙 ∙ 𝑻𝑷
𝑪𝑳

→ 𝒙 =
𝑨 ∙ 𝑪𝑳
𝑻𝑺

 

We can thus express the signal 𝑰𝑷 at the output of the sensor as: 

𝑰𝑷 = 𝒙 ∙ 𝐫𝐞𝐜𝐭𝐓𝐒 (𝑻 −
𝑻𝑺
𝟐
) 

Having obtained the information’s on the original signal, we obtain at the output of the two filters: 

𝒚 =

{
 
 

 
 𝒙 ∙ 𝑹𝑳 ∙ [𝟏 − 𝒆

−  
𝒕
𝑻𝑪] = 𝑨 ∙

𝑻𝑳
𝑻𝑺
∙ [𝟏 − 𝒆

−  
𝒕
𝑻𝑪]     𝑓𝑜𝑟    𝟎 ≤ 𝒕 ≤ 𝑻𝑺

𝒙 ∙ 𝑹𝑳 ∙ 𝒆
− 
𝒕−𝑻𝑺
𝑻𝑺 = 𝑨 ∙

𝑻𝑳
𝑻𝑺
∙ 𝒆

− 
𝒕−𝑻𝑺
𝑻𝑺                               𝑓𝑜𝑟     𝑻𝑺 ≤ 𝒕

 

The optimum filter is the one whose weight function matches the shape of the signal, in that case, the signal at 

the output can be expressed as: 

𝒌𝒃𝒃(𝟎) = ∫ 𝒃𝟐(𝒕)𝒅𝒕
∞

−∞

= ∫ 𝟏 − 𝟐𝒆
− 

𝒕
𝑻𝑺𝑷 + 𝒆

− 
𝟐𝒕
𝑻𝑺𝑷𝒅𝒕

𝑻𝑷

𝟎

+∫ 𝒆
−𝟐 

𝒕−𝑻𝑷
𝑻𝑺𝑷 𝒅𝒕

∞

𝑻𝑷

≅ 𝑻𝑷 − 𝑻𝑺𝑷 

To achieve a minimum SNR of 𝟏𝟎, we need a minimum input amplitude of: 

𝑺𝑵𝑹 = 𝒙
√𝒌𝒃𝒃(𝟎)

√𝑺𝒏
= 𝒙

√𝑻𝑷 − 𝑻𝑺𝑷

√𝑺𝒏
= 𝑽𝑷 ∙

𝑻𝑳
𝑻𝑺
∙
√𝑻𝑷 − 𝑻𝑺𝑷

√𝑺𝒏
= 𝟏𝟎 → 𝑽𝑷,𝒎𝒊𝒏 = 𝟏𝟎 ∙

𝑻𝑺
𝑻𝑳
∙ √

𝑺𝒏
𝑻𝑷 − 𝑻𝑺𝑷

≅ 𝟏𝟓𝟗 𝝁𝑽 

 

C) A good approximation of the of the optimum filer analysed before can be realized with a Gated Integrator (with 

𝑻𝑮 = 𝑻𝑺 and a weight 
𝟏

𝑻𝑺
 to simplify the analysis), and 𝒕𝒎 = 𝑻𝑪 ∙ 𝐥𝐧(𝟐) (as calculated in practice 05) we obtain: 

𝒌𝒘𝒃(𝟎) = ∫ 𝒃(𝒕)𝒅𝒕
𝒕𝒎+𝑻𝑺

𝒕𝒎

= ∫ 𝟏 − 𝒆
− 
𝒕
𝑻𝑪𝒅𝒕

𝑻𝑺

𝒕𝒎

+∫ 𝒆
− 
𝒕−𝑻𝑺
𝑻𝑪 𝒅𝒕

𝒕𝒎+𝑻𝑺

𝑻𝑺

= 𝑻𝑺 − 𝑻𝑪 ∙ 𝐥𝐧(𝟐) 

To achieve a minimum SNR of 𝟏𝟎, we need a minimum input amplitude of: 

𝑺𝑵𝑹 = 𝒙 ∙

𝟏
𝑻𝑺
𝒌𝒃𝒃(𝟎)

√𝑺𝒏 ∙
𝟏
𝟐𝑻𝑺

= 𝑽𝑷 ∙
𝑻𝑳
𝑻𝑺
∙
𝑻𝑺 − 𝑻𝑪 ∙ 𝐥𝐧(𝟐)

√𝑺𝒏
𝟐 ∙ 𝑻𝑺

= 𝟏𝟎 → 𝑽𝑷,𝒎𝒊𝒏 = 𝟏𝟎 ∙
𝑻𝑺
𝑻𝑳
∙

√𝑺𝒏
𝟐 ∙ 𝑻𝑷

𝑻𝑺 − 𝑻𝑪 ∙ 𝐥𝐧(𝟐)
≅ 𝟏𝟓𝟗. 𝟐𝟑 𝝁𝑽 

The result is good enough with respect to the real optimum filter, there isn’t much loss. 
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D) Taking into account the presence of 𝟏/𝒇 noise, with a noise corner frequency 𝒇𝑵𝑪 = 𝟏 𝑲𝑯𝒛, we must consider 

how the flicker noise affect the SNR. 

Considering for example a high-pass CR filter with a time constant 𝝉𝑯 ≅ 𝟏𝟎𝟎 ∙ 𝑻𝑺 ≅ 𝟐 𝒎𝒔, and keeping the same 

whitening filter considered before (𝒇𝑪 = 𝟏𝟎 𝟎𝟎𝟎 ∙ 𝒇𝑳 =
𝟏𝟎 𝟎𝟎𝟎

𝟐𝝅𝑹𝑳𝑪𝑳
≅ 𝟖𝟎𝟎 𝑲𝑯𝒛), we get: 

𝒇𝑯 =
𝟏

𝟐𝝅𝝉𝑯
≅ 𝟖𝟎 𝑯𝒛 → √𝝈𝒇

𝟐 = √𝑺𝑽,𝑼 ∙ 𝒇𝑵𝑪 ∙ 𝐥𝐧 (
𝒇𝑪
𝒇𝑯
) = √𝑺𝑽,𝑼 ∙ 𝒇𝑵𝑪 ∙ 𝐥𝐧(𝟏𝟎 𝟎𝟎𝟎) ≅ 𝟗𝟔 𝒏𝑽 

Considering now the effect of the Gated Integrator (with 𝑻𝑮 = 𝑻𝑺), we have: 

𝒇𝑯 =
𝟏

𝟐𝝅𝝉𝑯
≅ 𝟖𝟎 𝑯𝒛 → √𝝈𝒇

𝟐 = √𝑺𝑽,𝑼 ∙ 𝒇𝑵𝑪 ∙ 𝐥𝐧 (
𝟏

𝒇𝑯 ∙ 𝟐𝑻𝑺
) ≅ 𝟕𝟔 𝒏𝑽 

In both cases, the intensity of the flicker noise is negligible with respect to the noise calculated at point A by at 

least 𝟑 order of magnitude, we can thus assume that the flicker noise doesn’t affect significatively the SNR. 

 


