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A) Given the sensor output is a current signal, it is better to work directly with current signal, thus we express all 

noises as current noise, assuming a negligible background we have the following contributes: 

Noise of the pre-amplifier (input-referred current and voltage noise: 

√𝑺𝑰𝑼 ≅ 𝟏𝟎𝟎
𝒇𝑨

√𝑯𝒛
 

√𝑺𝑽𝑼 ≅ 𝟐
𝒏𝑽

√𝑯𝒛
→

√𝑺𝑽𝑼

𝑹𝑳
≅ 𝟐

𝒇𝑨

√𝑯𝒛
 

Noise introduced by the resistor 𝑹𝑳: 

√𝑺𝑰𝑹 = √
𝟒𝑲𝒃𝑻

𝑹𝑳
≅ 𝟏𝟐𝟗

𝒇𝑨

√𝑯𝒛
 

Shot noise due the dark current: 

√𝑺𝑰𝑩 = √𝟐𝒒𝑬𝑰𝑩 ≅ 𝟏𝟖
𝒂𝑨

√𝑯𝒛
 

From their values, we can neglect the input-referred voltage noise of the pre-amplifier and the noise due the 

dark current, furthermore, we can assume negligible the noise introduced by the signal, the total noise is: 

𝑺𝑰 = 𝑺𝑰𝑼 + 𝑺𝑰𝑹 → 𝑺𝑽 = 𝑺𝑰 ∙
𝑹𝑳

𝟐

𝟏 + 𝝎𝟐𝝉𝑳
𝟐

 

We have an input noise spectrum characterized by a single pole whose time constant is: 

𝝉𝑳 = 𝑪𝑳𝑹𝑳 ≅ 𝟓 𝝁𝒔 → 𝒇𝑳 = 𝟑𝟐 𝑲𝑯𝒛 

To simplify the analysis, we can neglect the second pole (the one introduced by the preamplifier), obtaining a 

conservative estimate of the noise: 

𝝈𝒏,𝒊 = √𝑺𝑰 ∙
𝝅

𝟐
𝒇𝑷 ≅ 𝟑𝟔 𝒑𝑨 

The minimum current measurable is: 

𝑰𝑷,𝒎𝒊𝒏 = 𝝈𝒏,𝒊 ≅ 𝟑𝟔 𝒑𝑨 

The maximum noise associated to the signal (at the peak) is: 

√𝑺𝑰𝑩 = √𝟐𝒒𝑬𝑰𝑷,𝒎𝒊𝒏 ≅ 𝟑. 𝟒
𝒇𝑨

√𝑯𝒛
 

The noise introduced by the signal is negligible, thus the hypothesis made before is valid. 

The radiant sensitivity of the detector is: 

𝑺𝑫 = 𝜼𝑫 ∙
𝝀[𝝁𝒎]

𝟏. 𝟐𝟒
≅ 𝟎. 𝟎𝟐𝟓 

The minimum optical power measurable is: 

𝑷𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏

𝑺𝑫
≅ 𝟏. 𝟒𝟓 𝒏𝑾 

 

B) To increase the minimum optical power of a factor 𝟏. 𝟒 the shot noise introduced by the background has to 

double the total noise power spectrum thus, it must have a value equal to the sum of 𝑺𝑰𝑼 and 𝑺𝑰𝑹: 

𝑺𝑰𝑷 = 𝟐𝒒𝒆𝑰𝑷 ≅ 𝑺𝑰𝑼 + 𝑺𝑰𝑹 → 𝑰𝑷 =
𝑺𝑰𝑼 + 𝑺𝑰𝑹

𝟐𝒒𝒆
≅ 𝟖𝟑 𝒏𝑨 

The optical power needed to generate that background current is: 

𝑷 =
𝑰𝑷

𝑺𝑫
≅ 𝟑. 𝟑𝟐 𝝁𝑾 

The total noise spectrum is: 

𝑺𝒕𝒐𝒕 = 𝑺𝑰𝑼 + 𝑺𝑰𝑹 + 𝑺𝑰𝑷 = 𝟐𝟑𝟎
𝒇𝑨

√𝑯𝒛
 

The effect of the signal shot noise is still negligible: 

√𝑺𝑰𝑩 = √𝟐𝒒𝑬√𝟐𝑰𝑷,𝒎𝒊𝒏 ≅ 𝟒. 𝟏
𝒇𝑨

√𝑯𝒛
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C) We can use a Gated Integrator with a baseline subtractor (CDF) to sample the signal, for example a zero setting 

properly sized to avoid noise doubling (long integration windows). 

The intrinsic filtering is at 𝒇𝑳 = 𝟑𝟐 𝑲𝑯𝒛, we can add a low-pass filter at a lower frequency to further limit the 

noise, for example we can use a Gated Integrator with a bandwidth tailored on the signal. 

The bandwidth of the signal is: 

𝒇𝑺 ≅
𝟏

𝑻𝑷
≅ 𝟐 𝑲𝑯𝒛 

We can use a gated integrator centred around the peak and with a width 𝑻𝑮, the SNR is equal to: 

𝑺𝑵𝑹 =

𝟏
𝑻𝑮

𝑰𝑷 ∫ (𝟏 −
|𝒕|
𝑻𝑷

) 𝒅𝒕
𝑻𝑮
𝟐

−
𝑻𝑮
𝟐

√
𝑺𝑰

𝟐𝑻𝑮

=

𝟐
𝑻𝑮

𝑰𝑷 ∫ (𝟏 −
𝒕

𝑻𝑷
) 𝒅𝒕

𝑻𝑮
𝟐

𝟎

√
𝑺𝑰

𝟐𝑻𝑮

=

𝟐
𝑻𝑮

𝑰𝑷 (
𝑻𝑮
𝟐 −

𝑻𝑮
𝟐

𝟖𝑻𝑷
)

√
𝑺𝑰

𝟐𝑻𝑮

= 𝑰𝑷 (𝟏 −
𝑻𝑮

𝟒𝑻𝑷
) √

𝟐𝑻𝑮

𝑺𝑰
 

To optimize the Gated Integrator we have to maximize the SNR: 

𝝏𝑺𝑵𝑹

𝝏𝑻𝑮
=

𝑰𝑷

𝟐
(𝟏 −

𝑻𝑮

𝟒𝑻𝑷
) √

𝟐

𝑻𝑮𝑺𝑰
−

𝑰𝑷

𝟒𝑻𝑷
√

𝟐𝑻𝑮

𝑺𝑰
= 𝟎 →

𝟏

𝟐𝑻𝑷
+

𝟏

𝟒𝑻𝑷
=

𝟏

𝑻𝑮
→

𝟑

𝟒𝑻𝑷
=

𝟏

𝑻𝑮
→ 𝑻𝑮 =

𝟒

𝟑
𝑻𝑷 

Giving us an SNR and a minimum measurable current of: 

𝑺𝑵𝑹 = 𝑰𝑷 (𝟏 −
𝑻𝑮

𝟒𝑻𝑷
) √

𝟐𝑻𝑮

𝑺𝑰
= 𝑰𝑷 (𝟏 −

𝟏

𝟑
) √

𝟖

𝟑

𝑻𝑷

𝑺𝑰
→ 𝑰𝑷,𝒎𝒊𝒏 =

𝟑

𝟐
√

𝟑

𝟖

𝑺𝑰

𝑻𝑷
≅ 𝟗. 𝟒𝟔 𝒑𝑨 

The minimum measurable optical power is: 

𝑷𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏

𝑺𝑫
≅ 𝟑𝟕𝟗 𝒑𝑾 

 

D) Let us consider the situation of point B and the baseline removed trough an opportune high pass filter (for 

example a CDF with a long integration windows to prevent the doubling of the noise). 

We can assume the non-stationary noise introduced by the signal is negligible, in this case, the optimum filter is 

the one with the same shape of the signal, thus: 

𝒌𝒃𝒃(𝒐) = 𝑰𝑷
𝟐 ∫ (𝟏 −

|𝒕|

𝑻𝑷
)

𝟐

𝒅𝒕
𝑻𝑷

−𝑻𝑷

= 𝟐𝑰𝑷
𝟐 ∫ 𝟏 −

𝟐𝒕

𝑻𝑷
+

𝒕𝟐

𝑻𝑷
𝟐

𝒅𝒕
𝑻𝑷

𝟎

= 𝟐𝑰𝑷
𝟐 [𝒕 −

𝒕𝟐

𝑻𝑷 
+

𝒕𝟑

𝟑𝑻𝑷
𝟐

]
𝟎

𝑻𝑷

= 𝟐𝑰𝑷
𝟐

𝑻𝑷

𝟑
 

𝑺𝑵𝑹 =
√𝒌𝒃𝒃(𝒐)

√𝑺𝑰
𝟐

=
√𝟐𝑰𝑷

𝟐 𝑻𝑷
𝟑

√𝑺𝑰
𝟐

= 𝟐𝑰𝑷√
𝑻𝑷

𝟑𝑺𝑰
→ 𝑰𝑷,𝒎𝒊𝒏 = √

𝟑

𝟒

𝑺𝑰

𝑻𝑷
≅ 𝟖. 𝟗𝟑 𝒑𝑨 

The minimum measurable optical power is: 

𝑷𝒎𝒊𝒏 =
𝑰𝑷,𝒎𝒊𝒏

𝑺𝑫
≅ 𝟑𝟓𝟕 𝒑𝑾 

 


