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Tutorial – 10 

 

 

A) Given that we are working with a sensor whose output is a current signal, it’s better to work directly with current 

signals, let’s assume the shot noise introduced by the signal is negligible the noise introduced by the pre-

amplifier is equal to: 

𝝈𝒊 = √𝑺𝑰 ∙
𝝅

𝟐
𝒇𝒑 ≅ 𝟏𝟐. 𝟓 𝒏𝑨 

Obtaining an SNR of: 

𝑺𝑵𝑹 =
𝑰𝑷

𝝈𝒊
 

To satisfy the requirement on the SNR, the minimum measurable signal is: 

𝑰𝑷,𝒎𝒊𝒏 = 𝟓𝝈𝑰 ≅ 𝟔𝟐. 𝟓 𝒏𝑨 

Let’s now check if the shot noise is effectively negligible: 

√𝑺𝑰𝑷 = √𝟐𝒒𝒆𝑰𝑷,𝒎𝒊𝒏 ≅ 𝟏𝟒𝟏
𝒇𝑨

√𝑯𝒛
 

The noise introduced by the signal is effectively negligible. 

The quantum efficiency of the detector is the product of the probabilities of the photon of not being reflected at 

the surface, not being absorbed in the neutral region, and being absorbed in the depleted region: 

𝑷 = 𝟏 − 𝒆
−

𝑾𝑫
𝑳𝜶  

Combining the three probabilities, we obtain: 

𝜼𝑫 = (𝟏 − 𝑹) ∙ 𝒆
−

𝑾𝒏
𝑳𝜶 ∙ (𝟏 − 𝒆

−
𝑾𝑫
𝑳𝜶 ) ≅ 𝟎. 𝟒𝟖 

From the quantum efficiency, we obtain the radiant sensitivity of the detector: 

𝑺𝑫 = 𝜼𝑫 ∙
𝝀[𝝁𝒎]

𝟏. 𝟐𝟒
≅ 𝟎. 𝟑𝟏 

From the radiant sensitivity we can derive the minimum optical power measurable: 

𝑷𝑷,𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏

𝑺𝑫
≅ 𝟐𝟎𝟐 𝒏𝑾 
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B) Given a faulty connection reflects only 𝟏% of the input power we have that for a 𝟎 length fibre, the power 

reflected is: 

𝑷𝑹,𝟎 =
𝑷

𝟏𝟎𝟎
= 𝟏𝟎 𝝁𝑾 

From the minimum measurable optical power calculated at point A, we obtain a factor: 

𝑲 =
𝑷𝑹,𝟎

𝑷𝑷,𝒎𝒊𝒏
≅ 𝟓𝟎 

To have an attenuation of 𝟓𝟎 (considering both travel direction) the fibre has to have a length of: 

𝑳[𝑲𝒎] =
𝟏𝟎 𝐥𝐨𝐠(𝑲)

𝟒 𝒅𝒃 / 𝑲𝒎
= 𝟒. 𝟐𝟕 𝑲𝒎 

 

C) To properly detect two different faulty joints, the pulse reflected by the two joints must be distinct, thus, a 

distance strictly greater than 𝑇𝑃 = 100 𝑛𝑠 is needed. 

Considering both travel direction, and a time distance between two pulses of 𝟐𝑻𝑷 the minimum distance 

between two joints is: 

𝑫𝒎𝒊𝒏 =
𝟏

𝟐
(𝟐𝑻𝑷 ∙ 𝒗𝑷) ≅ 𝟐𝟎 𝒎 

 

D) To improve the maximum detectable distance, we have to lower the minimum measurable power, given we 

have no information on the arrival time of the reflection pulse, a switching parameter LP (like a GI) has a non-

trivial implementation, thus we can consider a simple low-pass RC filter. 

To limit the effect of the filter on the signal we can chose a time constant shorter than the duration of the pulse, 

for example 𝝉𝑳𝑷𝑭 = 𝟏𝟎 𝒏𝒔, in this case we obtain for the noise: 

𝝈𝒊 = √𝑺𝑰 ∙
𝟏

𝟒𝝉𝑳𝑷𝑭
≅ 𝟓 𝒏𝑨 

To satisfy the requirement on the SNR, the minimum measurable signal is: 

𝑰𝑷,𝒎𝒊𝒏 = 𝟓𝝈𝑰 ≅ 𝟐𝟓 𝒏𝑨 

That is equivalent to a minimum optical power measurable of: 

𝑷𝑷,𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏

𝑺𝑫
≅ 𝟖𝟎. 𝟔 𝒏𝑾 

This corresponds to an improvement on the measurable distance of: 

𝑳 =
𝟏𝟎 𝐥𝐨𝐠 (

𝑷
𝟏𝟎𝟎 ∙ 𝑷𝑷𝒎𝒊𝒏 )

𝟒 𝒅𝒃 / 𝑲𝒎
= 𝟓. 𝟐𝟑 𝑲𝒎 

We could also have used a mobile mean filter, implementing an optimum filter, for the noise we have: 

𝝈𝒊 = √𝑺𝑰 ∙
𝟏

𝟐𝑻𝑷
≅ 𝟐. 𝟐𝟒 𝒏𝑨 

To satisfy the requirement on the SNR, the minimum measurable signal is: 

𝑰𝑷,𝒎𝒊𝒏 = 𝟓𝝈𝑰 ≅ 𝟏𝟏. 𝟐 𝒏𝑨 

That is equivalent to a minimum optical power measurable of: 

𝑷𝑷,𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏

𝑺𝑫
≅ 𝟑𝟔 𝒏𝑾 

This corresponds to an improvement on the measurable distance of: 

𝑳 =
𝟏𝟎 𝐥𝐨𝐠 (

𝑷
𝟏𝟎𝟎 ∙ 𝑷𝑷𝒎𝒊𝒏 )

𝟒 𝒅𝒃 / 𝑲𝒎
= 𝟔. 𝟏 𝑲𝒎 

 

 

 


