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Tutorial – 12 

 

 

A) To correctly detect the individual pulse, we have to have a time distance between two consecutive pulses 

greater than 𝑻𝑷 = 𝟏 𝝁𝒔, we can choose for example 𝟐𝑻𝑷. 

The time of flight is: 

𝑻𝒇𝒍𝒊𝒈𝒉𝒕 = 𝟐 ∙
𝒅

𝒄
≅ 𝟏. 𝟑𝟑 𝒎𝒔 

We must choose a repetition time greater than 𝑻𝑷 + 𝑻𝒇𝒍𝒊𝒈𝒉 ≅ 𝑻𝒇𝒍𝒊𝒈𝒉𝒕, this means a frequency smaller than: 

𝒇 <
𝟏

𝑻𝒇𝒍𝒊𝒈𝒉𝒕
≅ 𝟕𝟓𝟎 𝑯𝒛 

To introduce a safety margin, we can use 𝒇 = 𝟕𝟎𝟎 𝑯𝒛. 

To properly detect the backscattered pulse, we need an APD with an high detection efficiency at 𝝀 = 𝟓𝟎𝟎 𝒏𝒎, 

considering an APD with 𝑹 = 𝟎. 𝟐, 𝒘𝑵 = 𝟏𝟎𝟎 𝒏𝒎 and 𝒘𝑫 = 𝟓 𝝁𝒎 we obtain: 

𝜼𝑫 = (𝟏 − 𝑹) ∙ 𝒆
−

𝒘𝑵
𝑳𝟎 ∙ (𝟏 − 𝒆

−
𝒘𝑫
𝑳𝟎 ) ≅ 𝟎. 𝟕𝟐 

Obtaining the following radiant sensitivity: 

𝑺𝑫 = 𝜼𝑫 ∙
𝝀[𝝁𝒎]

𝟏. 𝟐𝟒
≅ 𝟎. 𝟐𝟗 

Let’s also consider an APD gain 𝑮 = 𝟏𝟎𝟎, an excess noise factor 𝑭 = 𝟐. 𝟓, and a dark current 𝑰𝑫 ≅ 𝟏𝟎 𝒑𝑨 
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B) Given the shape of the signal, we can use a Gated integrator (assuming the availability of a sync signal), in this 

case, we have the following sources of noise: 

Noise due the resistor 𝑹𝑳: 

√𝑺𝑹 = √
𝟒𝒌𝒃𝑻

𝑹𝑳
≅ 𝟒

𝒑𝑨

√𝑯𝒛
 

The input referred current noise of the OPAMP can be expressed as a voltage source: 

√
𝑺𝑰

𝑹𝑳
𝟐

≅ 𝟏
𝒑𝑨

√𝑯𝒛
 

The shot noise introduced by the dark current: 

√𝟐𝒒𝒆𝑰𝑫𝑮𝟐𝑭 ≅ 𝟖𝟗
𝒇𝑨

√𝑯𝒛
 

The shot noise introduced by the dark current is negligible with respect to the electronic noise. 

Neglecting the effect of the shot noise introduced by the signal, we have a total noise spectrum of: 

√𝑺 = √𝑺𝑰 +
𝑺𝑽

𝑹𝑳
+ 𝑺𝑹 ≅ 𝟒. 𝟑

𝒑𝑨

√𝑯𝒛
 

If we use a gated integrator with an integration window 𝑻𝑮 = 𝑻𝑷 = 𝟏 𝝁𝑠 we obtain: 

𝝈𝒊 = √𝑺 ∙
𝟏

𝟐𝑻𝑮
≅ 𝟑 𝒏𝑨 

This implies a minimum measurable current of: 

𝑰𝑷,𝒎𝒊𝒏 =
𝝈𝒊

𝑮
≅ 𝟑𝟎 𝒑𝑨 

The shot noise introduced by the minimum measurable current is: 

√𝟐𝒒𝒆𝑰𝑷,𝒎𝒊𝒏 ∙ 𝑮𝟐𝑭 ≅ 𝟒𝟖𝟗
𝒇𝑨

√𝑯𝒛
 

And is negligible with respect to the other noise sources. 

The minimum measurable optical power is equal to: 

𝑷𝑷,𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏

𝑺𝑫
≅ 𝟏𝟎𝟓 𝒑𝑾 

 

C) Using a boxcar integrator, we can improve the SNR of the system, assuming an observation window of 𝑻𝑾 = 𝟏 𝒔 

and the repetition rate of before 𝒇 = 𝟕𝟎𝟎 𝑯𝒛, we need a BI with a time constant equal to: 

𝝉 =
𝑻𝑾

𝟓
∙ 𝑻𝑮 ∙ 𝒇 ≅ 𝟏𝟒𝟎 𝝁𝒔 

The SNR improvement is equal to: 

𝑰𝑭 = √𝟐 ∙
𝝉

𝑻𝑮
≅ 𝟏𝟔. 𝟕 

This implies a minimum measurable current of: 

𝑰𝑷,𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏,𝟎

𝑰𝑭
≅ 𝟏. 𝟖 𝒑𝑨 

The minimum measurable optical power is equal to: 

𝑷𝑷,𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏

𝑺𝑫
≅ 𝟔 𝒑𝑾 
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D) Using the proposed SPAD instead than the APD, we can work in single-photon counting mode, the SNR is: 

𝑺𝑵𝑹 =
𝑵𝑺

√𝑵𝑺 + 𝑵𝑫

 

The dark events in the observation windows are: 

𝑵𝑫 = 𝒏𝑫 ∙ 𝑻𝑷 ≅ 𝟏𝟎−𝟓 𝒆𝒗𝒆𝒏𝒕𝒔 

Thus, the minimum number of observable events is: 

𝑺𝑵𝑹 =
𝑵𝑺

√𝑵𝑺 + 𝑵𝑫

≅ √𝑵𝑺 = 𝟏 → 𝑵𝑺 = 𝟏 

The minimum measurable optical power is equal to: 

𝑷𝑷,𝒎𝒊𝒏 =
𝟏

𝜼𝑫
∙

𝑬𝑷

𝑻𝑮
≅ 𝟖𝟎𝟎 𝒇𝑾 

Otherwise, we could have calculated the minimum measurable current as a single electron in the window: 

𝑰𝑷,𝒎𝒊𝒏 =
𝒒𝒆

𝑻𝑾
≅ 𝟏𝟔𝟎 𝒇𝑨 

And the sensitivity of the detector: 

𝑺𝑫 = 𝜼𝑫 ∙
𝟎. 𝟓

𝟏. 𝟐𝟒
≅ 𝟎. 𝟐 

Giving us a minimum power of: 

𝑷𝑷,𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏

𝑺𝑫
≅ 𝟖𝟎𝟎 𝒇𝑾 


