
 

Abstract— This paper presents short review of PIN photodiodes 

with guard diode and specifically noise types in photodiodes. 

Especially, the shot noise mechanism and effect of guard diode on shot 

noise are discussed. In addition, an example measurement setup is 

described and the devices used in the measurement are introduced. 

Finally, the measurement results are discussed. 

 
Index Terms— Guard diode, PIN photodiode,Shot noise. 

I. INTRODUCTION 

In this study, the diodes used are the PIN photodiodes with 

guard diode. There are three regions in a PIN photodiode: an 

intrinsic region between p and n regions [1]. Generally these 

types of photodiodes consist of PIN diode(s) and a guard diode.  

Guard diode is so important for high voltage operation to 

decrease dark current of PIN photodiode [2]. Although this 

structure is known in general, one can’t find any information 

about guard diode and its effect on shot noise in data sheets. In 

this study, this issue is somewhat clarified. Before 

measurement, operating mechanism and noise mechanism of 

photodiodes have to be well understood.  

Another issue is selection of equipments which are used in 

measurements. Selecting convenient settings are as important as 

selection of equipments. In the following sections, these issues 

are addressed and finally the measurement results are discussed. 

II. PHOTODIODES 

Photodiodes are current generator devices. They convert light 

into current. When a photon is absorbed, an electron-hole pair is 

occured in the photodiode, also this generation is related to 

wavelength of the light and power of the light. 

Photodiodes can be produced in different structures like PIN 

or P-N. PIN structure is preferred rather than P-N to increase 

speed of response. A typical packaged PIN photodiode is 

depicted in Fig. 1. Depending on the number of PIN diodes, 

there are at least three pins: a common substrate, PIN diode(s) 

and the guard diode. Sometimes, the guard diode pin is already 

connected to the chassis, typically used as the circuit ground. 

Photodiodes can be used in different operation modes: 

photovoltaic and photoconductive modes. This particular 

choice depends on the application area; solar cells in 

photovoltaic mode or fast responding PIN diodes in 

photoconductive mode [1]. 

In photovoltaic mode there is no bias voltage. In this mode, 

photodiode works as a solar cell and a voltage drop occurs 
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between its anode and cathode terminals.  

In photoconductive mode, contrary to the photovoltaic mode, 

there is a reverse bias voltage applied to the device. The reverse 

bias decreases the junction capacitance and response time at the 

expense of the dark current and the dark current related shot 

noise. 
 

 
Fig.1.  Photodiode pinout. 

III. NOISE SOURCES IN PHOTODIODES 

Three types of noise are studied in photodiodes. These are 

flicker (1/f) noise, Johnson noise and shot noise. In Fig. 2, 

where they are effective in frequency spectrum is shown [3]. 

Firstly in 1918, shot noise was analyzed  theoretically by 

W.Schottky [4]. After that in 1928 first measurements which 

were about thermal fluctuations within a resistor were  made by 

J.B. Johnson [5]. Results of these measurements were used by 

Harry Nyquist, and a formula for Johnson Noise was obtained 

[6]. Also while measuring shot and  Johnson noise , flicker (1/f) 

noise is seen at low frequencies. In this paper, the shot noise 

issue is focused on and the effect of flicker noise during the 

measurements is investigated. 
 

 
Fig.2.  Distribution of noise types in the frequency domain. 

A. Shot  Noise 

Shot noise is seen in photoconductive mode. Reason of the 

shot noise is fluctuations in the dark current [7]. These 

fluctuations are because of randomness of electrons. In other 
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words, these electrons are produced in different time and in 

different areas of photodiode, so the current which is produced 

by these electrons has fluctuations. Based on our measurement 

results, it will be seen later on that this noise is frequency 

independent. 

Equation 1 below gives the related mathematical equation 

to make theoretical calculations, where ”Is” represents the shot 

noise current, “e” is the electrical charge, ”Id” is the 

photodiode’s RMS dark current under reverse bias and “df” is 

the bandwidth of measurement system (1). 
 

dfeII ds 2
2


                               (1) 

IV. EXPERIMENTAL SETUP 

The experimental setup includes SR 785 FFT dynamic signal 

analyzer, SR 570 low noise current preamplifier, Agilent 

B2902A DC source-measure-unit (SMU), Agilent 16442B text 

fixture, 12V battery, DC-DC converter and coaxial cables. 

SR 785 FFT analyzer and SR 570 preamplifier are main 

components of the measurement setup. Their settings will be 

explained in detail. DC SMU was used to measure dark current 

of photodiodes. Measurements were made in Agilent 16442B 

text fixture to isolate from light and electromagnetic 

interference. DC-DC converter and 12 V battery were used for 

DC reverse bias. 

A. Measurement Setup and Settings 

 In Fig. 3 a simple measurement setup is seen. In Table I SR 

570 preamplifier settings are given. For making all 

measurements in same range with SR 785 FFT analyzer, a 100 

Hz high-pass built in filter is used. This point is so important 

because SR 785 FFT analyzer range changes according to DC 

current. This change affects the SR 785 FFT analyzer minimum 

measurement level. In order to make comparison between the 

measurement results, all measurements must be made in the 

same range. Low noise gain mode is chosen and to prevent line 

noise, SR 570 preamplifier is used with battery. In Fig. 4 and 5, 

low noise characteristics are seen [8]. Another setting for SR 

570 is the sensitivity, Here, 10μA/V sensitivity is chosen, 

because it has 0dB gain at 10 to 100 kHz, which is the SR 785 

FFT analyzer’s maximum frequency point. 

In Table II, SR 785 FFT analyzer settings are given. There is 

a setting “PSD (power spectral density) UNITS ON”. Noise 

bandwidth (df) is calculated from FFT linewidth and the 

window function. As a result, the measured value depends on 

FFT linewidth and window function. Blackman-Harris(BMH) 

is used in measurements as window choice, but when PSD unit 

is on, the measured value is obtained in  HzV /  or HzV /2  

units [9]. RMS is selected as pk unit and 100 RMS is set for 

averaging. The RMS shot noise current is calculated using 

measured value and SR 570 preamplifier sensitivity. 

After all of these settings, the background noise can be 

measured. In Fig. 6, the measurement setup noise is seen.There 

are only two spikes come from the system. In spite of these 

spikes, setup’s background noise and SR 570 preamplifier’s 

noise characteristic are almost the same. 

In the measurement setup, guard diode is connected to chasis 

and PIN diode is connected to SR 570 preamplifier. According 

to this setup and Equation 1, shot noise measured on the 

analyzer have to be depended only on the PIN diode dark 

current value because the guard diode is connected to the 

chassis. 

 
Fig. 3. Shot noise measurement schematic 

 
TABLE I: SR 570 PREAMPLIFIER SETTINGS 

Setting Name Setting 

Bias Voltage OFF 

Filter 100Hz Highpass 

Gain Mode Low Noise 

Input Offset OFF 

Sensitivity 10μA/V 

Power Battery 

 

 

 

TABLE II: SR 785 FFT ANALYZER SETTINGS 

Setting Name Setting 

Frequency Full Span 

FFT line 800 

Linewidth 128 Hz 

Measure Group FFT 

Measurement Pwr Spec 1 

View Log Mag 

dB Unit dBVrms/Hz 

Pk Unit RMS 

PSD Units ON 

Ch1 GROUND 

Ch1 Auto Range Tracking 

Ch1 Coupling DC 

Average 100 RMS 

Window BMH 
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Fig. 4. SR 570 preamplifier gain characteristic at low noise mode [8]. 

 

 
Fig. 5. SR 570 preamplifier noise characteristic at low noise mode [8]. 

 

 
Fig. 6. Measurement setup’s background noise when amplifier’s sensitivity is 

10μA/V 

V. MEASUREMENT RESULTS 

In order to show the effect of guard diode on the cumulative 

noise measured on the PIN diode, seven samples are used 

(Table 3). Fig. 7 depicts all of the seven measurement results. 

There is a 1/f noise region from DC to 20 kHz; after 20 kHz, 

there is a white noise region which is above the background 

noise level. At low frequency region below 60 kHz, noise levels 

can be seen easily, but above 60 kHz, separation of noise levels 

from the background noise is so difficult due to low dark current 

values which can be seen in Table III. 

 
TABLE III:  DIODES DARK CURRENT VALUES 

Diodes PIN diode dark 

current[nA] @180V 

reverse bias      

Guard   diode dark 

current[nA] 

@180V reverse 

bias      

Diode 1 125 50 

Diode 2 13 45 

Diode 3 9 218 

Diode 4 9 463 

Diode 5 10 5560 

Diode 6 250 63 

Diode 7 90 60 

 

 
Fig. 7. The comparison of seven sample diodes in terms of background 

noise plots. 

 
Fig. 8. The comparison of diode1 and diode 2 in terms of background 

noise plots. 

 

In Fig. 8 diode 1 and diode 2 are compared and shot noise 

value is derived from average of measured noise between 20 

kHz and 40 kHz. The calculated values which are derived from 

equation 1 and measured values can be seen in Table 4.  

     In Fig. 9, diode 6 and diode 7 are compared. Results are 
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similar to diode 1 and diode 2. The measured values are 

different from the calculated values, but there is a proportion 

among them.     In Fig. 10 diode 3, 4 and 5 are compared. Diode 

3 and 4’s calculated noise values are the same becasuse their 

dark current values are same and diode 5 noise value is almost 

the same. On the other hand, their measured noise values are 

different from each other due to their guard diode current 

values. 

 
Fig. 9. The comparison of diode 6 and diode 7 in terms of background 

noise plots. 

 
Fig. 10. The comparison of diode 3 ,diode 4 and diode5 in terms of 

background noise plots. 

 
TABLE IV  MEASURED AND CALCULATED VALUES 

Diodes Measured 

Values HzA/  

Calculated Values 

HzA /     

Diode 1 8.090504e-013 2.000000e-013 

Diode 2 2.114857e-013 6.449806e-014 

Diode 3 1.837603e-013 5.366563e-014 

Diode 4 4.450167e-013 5.366563e-014 

Diode 5 8.690215e-013 5.656854e-014 

Diode 6 1.086787e-012 2.828427e-013 

Diode 7 3.844464e-013 1.697056e-013 

 

 

VI. CONCLUSIONS 

In this study, a photodiode shot noise measurement setup is 

considered. The measured background noise achieves the 

supplier’s specified preamplifier noise characteristic. There is 

only one equation (Equation 1) to calculate the shot noise 

theoretically and the dark current, Id is the only parameter in 

this equation when df is 1 Hz. Therefore, the shot noise must 

only be  depended on  the PIN diode’s dark  current.This 

approach is so suitable for measurement setup which is used in 

this study since the PIN diode is connected to preamplifer and 

guard diode is connected to the chasis directly. According to 

this setup, the guard diode is not supposed to affect the shot 

noise however, the measurement results show that the guard 

diode’s current is also effective on the shot noise. 
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