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A silicon-based photodetector containing two identical n+
−p-photodiodes is described. One of the photodiodes

had a wide spectral response with high sensitivity in the ultraviolet region. The sensitivity of the second was reduced

in the short-wavelength part of the spectrum by creating additional recombination centers in the near-surface region

by implanting As ions. The spectral sensitivity of the differential signal obtained by subtracting photocurrents had

a pronounced short-wavelength characteristic. The long-wavelength limit of the spectral range in terms of the λ0.5
level, depending on the doping dose, was in the range of 0.37−0.47 µm. The sensitivity maximum corresponded

to λmax = 0.32−0.37 µm. The electrical and noise characteristics of the photodetector are given. The possibility of

using differential photodetectors as two-color ones is shown.
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Introduction

In microelectronic measuring transducers, along with tra-

ditional ones, difference or differential methods [1,2] based
on the registration of the difference between two signals are

widely used. An example of the use of such techniques

in optoelectronics is the use of differential amplifiers in

coordinate-dependent photodetectors [3]. Difference signals

are used in helio-trackers to orient the photovoltaic modules

to maximize the solar flux [4]. To correct the inhomogeneity

of matrix photosensitive elements, the most widely used

scheme is based on comparing the signals of all (FFE) with

two reference levels at uniform irradiation of the matrix [5].
The counter-acting thermistors ensure the stability of the

bolometer performance [6]. In the present work, the

possibility of using differential technology to correct the

spectral response of silicon photodetectors is considered.

Silicon-based photodetectors both at present and in the

near future will have wide applications in optoelectron-

ics [7–10]. This is due to the highly developed and low-

cost technology of silicon devices, as well as the ability

to efficiently record optical radiation over a wide spectral

range — from ultraviolet to infrared. In many cases, the

radiation of observed objects has a limited spectral range,

and it is reasonable to match it and narrow the spectral

response of the photodetector [11], which will eliminate the

influence of interfering objects with a different spectrum

of radiation. Optical in-line filters [12–14] are commonly

used to correct spectral sensitivity. The use of high quality

external filters for deep stray radiation suppression can

significantly increase the cost of devices [15] and is not

always technically efficient. In addition, researchers have

noted degradation of the devices due to the tendency

of many light filters to solarize, especially for UV [16]
radiation. Semiconductor filters are the most technologically

advanced and stable, but they are only used to suppress

sensitivity in the short-wave part of the spectrum [17].
The use of interference coatings [18–19] to highlight the

short-wave area is not without disadvantages due to the

dependence of characteristics on the angle of incidence of

light on the filter surface and the difficulty of applying a

large number of layers of strictly controlled thickness. The

possibility of reducing sensitivity in the long-wavelength area

by forming an inbuilt inhibitory field [20] also has limited

effect. An interesting way to form the spectral sensitivity of

a photodetector in the UV area by subtracting the signals of

nearby sensitive sites with different spectral characteristics

(differential photodetectors) [21–23]. As it turned out, such

photodetectors have a number of specific features. In the

present work, we describe a method for the preparation

of silicon-based differential photodetectors using spectral

sensitivity correction by implantation of heavy As [24] ions.
The peculiarities of their characteristics established by the

authors are given. Methods of controlling the range of

spectral sensitivity are analyzed, examples of possible use

of such photodetectors are given.

1. Structure and technology of
photodetector

The structure of the proposed photodetector is shown

in Fig. 1.

The photodetector contained two sites whose spectral

sensitivities were identical in the long wavelength area but
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Figure 1. Structure of a differential photodetector

different for UV radiation. The first (main) channel was

formed as a photodiode with a shallow p−n-junction [25,26]
to ensure sensitivity in the broad spectral area. The

starting material was p-type silicon of grade KDB-10.

The electron-hole transition was created by implantation of

phosphorus ions with a dose of 3µC/cm2 at an energy

of 100 keV followed by thermal Annealing. The final

depth of the p−n-transition, determined by the spherical

slip method, was 1.1µm. To ensure ohmic contact with

the n -layer, additional sub-contact doping was performed

along the peripheral region of the photosensitive layer

by phosphorus implantation with a dose of 100µC/cm2.

To limit the inversion channels introduced by the oxide

charge, diffusion p+-regions were formed. In order to

reduce the reflection coefficient of incident radiation, an

anti-reflection film SiO2 with a thickness of about 60 nm

and optimized for a wavelength of 350 nm was grown on

the photosensitive region. Ohmic contacts were obtained by

sputtering aluminium followed by annealing at 450◦C. The

aluminium films also acted as an optical screen, setting the

dimensions of the photosensitive pads. In order to reduce

the coupling between the channels, the minimum screen

size was chosen to be 5−6 times larger than the diffusion

length of non-main charge carriers [27,28].

The second (additional) channel was formed simultane-

ously with the first on the same wafer using common

technological operations, but with the addition of a high

dose of arsenic at the final stages of the implantation

process. Implantation was performed at an energy of

50 keV in the dose range of 200 to 5000µC/cm2 with-

out subsequent thermal annealing. The ion-doped layer

created structural defects, which led to an increase in the

recombination rate of photo-carriers formed by UV [29]
radiation. In addition, the impurity inhibition profile during

implantation [30–32] could create an inhibitory electric field

for light-generated non-basic charge carriers in the near-

surface area. Thus, the presence of the ion-doped layer

reduced the sensitivity of the photodiode in the UV range

due to both recombination processes and the creation of

an inhibitory electric field. At the same time, the identity

Outlet 2 Outlet 1

2 1 2 1

1 2 1 2

2 1 2 1

1 2 1 2

Figure 2. Location topology of the main (1) and auxiliary (2)
photodetector channels.

of the deep layers provided close spectral sensitivity in

the long-wavelength area, where the photocarrier collection

processes were determined by areas distant from the surface.

The size of the receiving sites for both channels was the

same.

To reduce the influence of the inhomogeneity of the

physical characteristics of the structure as well as the non-

uniformity of the light flux on the spectral response, we

proposed to form the channels in the form of two groups of

parallel switched photodiodes. The photodiodes of the first

and second channels were staggered as shown in Fig. 2. The

total size of the photosensitive area was 2.5× 2.5mm.

Attempting to predict quantitative physical characteristics

of such a photodetector using mathematical modelling, such

as spectral sensitivity, is challenging. This is due to problems

in determining the values of structural defect concentration,

their distribution, parameters of recombination centers,

especially since these values are subject to changes in

multi-stage technological operations. In this connection, it

was expedient to carry out an experimental study of the

characteristics of such devices in order to obtain reliable

information.
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2. Spectral characteristics of
photodetectors

Fig. 3 shows as an example the spectral sensitivity for an

equal flux of incident quanta in relative units for channel 1

and channel 2 subjected to additional arsenic implantation

with an energy of 50 keV and a dose 2000µC/cm2.

The measurements were carried out in the photocurrent

registration mode close to the short-circuit mode. As can

be seen, the introduction of additional recombination centers

allowed to reduce the sensitivity of the second channel in

the UV area by an order of magnitude. At the same time,

when shifting to the visible area, the difference between

the signals in both channels decreased. Fig. 4 shows the

spectral response at the output of a differential amplifier

(let’s call it a differential channel) obtained by subtracting

the photocurrents of the main and auxiliary channels.

The characterization had a pronounced maximum in the

UV area around 0.35µ m. The limits of the spectral range

in level λ0.5 were within 0.27−0.46µ m. The sensitivity of

the differential channel for longer wavelengths (λ > 0.7µm)
was reduced by almost two orders.

One of the significant factors determining the type of

spectral characteristic of the differential channel was the
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Figure 3. Spectral sensitivity of the main (1) and auxiliary (2)
channels.
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Figure 4. Spectral sensitivity of the differential channel
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Figure 5. Spectral sensitivity of the differential channel. Alloying

doses: 1 — 200, 2 — 300, 3 — 400, 4 — 500, 5 — 700, 6 —
1000, 7 — 2000, 8 — 5000 µC/cm2.
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Figure 6. Dependence of the long-wavelength limit of the

differential channel sensitivity on the implantation dose As.

magnitude of the implantation dose As. A series of pho-

todetectors with different degrees of doping of the auxiliary

channel [33,34] has been fabricated in this regard. The

normalized spectral characteristics of differential channels

for equal flux of incident quanta at different doping doses of

the additional channel are shown in Fig. 5.

As might be expected, with increasing implantation

dose, a broadening of the spectral range of sensitivity

was observed due to a shift in the long-wavelength limit.

Of interest is the experimental dependence of the long-

wavelength boundary (on level λ0.5) on dose of doping

(Fig. 6). In the range of doses studied, it can be

approximated by the expression

λ0.5 = λ0 + k ln
Q
Q0

,

where λ0=0.347µm, k=3.2 · 10−2 µm, Q0=100µC/cm2.

Another important characteristic of the photodetector is

the sensitivity value of the differential channel, which also

depended on the doping dose of the auxiliary channel. The

quantum efficiency of the differential channel for different

Technical Physics, 2023, Vol. 68, No. 9
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Figure 7. The quantum efficiency of the differential channel for

different implantation doses As: 1 — 200, 2 — 300, 3 — 500,

4 — 700, 5 — 1000, 6 — 2000, 7 — 5000 µC/cm2 .
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Figure 8. Dependence of differential channel quantum efficiency

on implantation dose As for λ = 0.34 µm.

implantation doses is shown in Fig. 7. The values are given

as the ratio of the quantum efficiency of the differential

channel to the maximum value of the quantum efficiency of

the main channel.

An increase in differential channel signals was observed

with increasing dose. Fig. 8 shows an analysis of the

dependence of the differential channel efficiency on the

implantation dose As for a fixed wavelength near the

maximum of the spectral response λ = 0.34µm.

In the range from 200 to 2000µC/cm2, a significant

dose effect on the sensitivity of the differential channel was

observed. Starting at 2000µC/cm2, the value of quantum

efficiency approached 90%, and further increases in dose

had little effect on sensitivity. Thus, if we do not set

the problem of correcting the long-wavelength boundary

with respect to λ0.5 = 0.44µm, then close to optimal

doping doses around 2000µC/cm2. At the same time,

good selectivity of the spectral response was maintained

and high sensitivity of the differential photodetector was

ensured.

3. Electrical characteristics of
photodetectors

An important requirement for differential photodetectors

is to ensure that the electrical characteristics of the main

and secondary channels are identical. The current-voltage

curve (CVC) were measured using an Agilent B1500A

semiconductor analyzer. A Microxact SPS-2800-TC probe

rig was used for temperature measurements.

The CVC of the main and complementary channels were

measured over a range of arsenic doping doses from 200

to 5000µC/cm2 [35]. For each CVC process series, the

photodiodes of the main (1) and auxiliary (2) channels

at low voltages had a similar form with no significant

dependence on the doping dose of the auxiliary channel.

As an example, the direct branches of the dark CVC of

one of the photodetectors are shown in Fig. 9. As can be

seen, in the area of small currents at voltages up to 0.5V,

an exponential dependence corresponding to the generally

accepted form [36] was observed:

I = I0

[

exp

(

eU
βkT

)

− 1

]

with values I0 ≈ 1 · 10−11 A, β = 1.11. At low voltages for

the main and auxiliary channels, the appearance of the CVC

was similar. At higher voltages, the series residual resistance

of the diodes began to be affected, and the CVC went to

the linear section. For some samples, as observed in the

above example, a slight difference in the residual resistance

values was evident in the high current area. Thus, in this

case, the differential resistances were: for the main channel

R1 = 9.4� and additional R2 = 11.2�. However, it should

be considered that the preferred mode for photodiode

operation is the mode with zero or small negative voltages at

the p−n-junction. At the same time, the observed difference

in the area of large positive displacements is not significant.

For samples of many other technological series in the direct
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Figure 9. Straight branches CVC. Alloying dose 500 µC/cm2 :

1 — main, 2 — additional channel.
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branch, almost complete coincidence of CVC up to currents

of the order of 100mA was observed.

Typical dependences of the inverse dark current are given

in Fig. 10. Near breakdown voltages, at which the reverse

current for the main channel increased markedly, reached

140−160V. Given the developed cumulative length of the

p−n-junction boundaries of the multi-plane photodiode,

we can assume a significant influence of surface leakage

on the reverse current character. As might be expected,

the ultimate stresses were lower for the additional channel

having a high concentration of structural defects in the near-

surface area.

Fig. 10 also shows the initial part of the characteristic in

the range of small voltages, which are of most interest in

practice. The characteristics of the main and supplementary

channels were similar, but numerically slightly different.

As can be seen, the reverse current did not experience

saturation. The magnitudes of the currents at low voltages

were much larger than I0 ≈ 10 pA (thus, at U = 1.6V,

I1 = 107 pA, I2 = 160 pA and increased linearly with volt-

age. This could indicate the presence of excessive currents.

The diode current at small biases can be represented by the

sum of summands

I(U) = Id(U) + Igr (U) + GsU,

where Id, Igr — diffuse and generation-recombination com-

ponents of the diode current, Gs — leakage conductance.

Although V.I. Stafeev in his work [37] showed that the

additivity of the ideal diode current and leakage current

is not strictly fulfilled, nevertheless the above formula

can be useful as reflecting the near ohmic character of

the current change in the device. For quantitative char-

acterization, leakage resistances can be estimated, which

for the sample under consideration were Rs 1 = 14 · 109

and Rs 2 = 8.9 · 109 �. Knowledge of dynamic impedances

is necessary for selecting preamplifier characteristics.

Fig. 11 shows the temperature dependence of the leakage

resistance for the main channel of a photodetector with

doping dose 500µC/cm2 in the positive temperature area

from 0 to +60◦C. The results can be approximated by an

–180 0

I,
n
A

0

U, V

–40

1
2

–80

–60

–40

–20

–100

–120

–20–60–100 –80–120–140–160

0

I,
p
A

0

U, V
–2

1

2 –300

–400

–200

–100

–1–3–4

Figure 10. Reverse branches of the CVC: 1 — main channel,

2 — additional channel. Dose 500 µC/cm2 .
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Figure 11. The dependence of leakage resistance on temperature.

exponential dependence with an activation energy close to

half of the silicon band gap width (about 0.54 eV). It was
many orders of magnitude higher than typical preamplifier

input impedances (Rinp < 103 �). This makes it possible

to ignore differences in channel leakage resistance values

and reliably record the difference signal with a differential

amplifier over the entire temperature range of practical

interest. Changing the doping doses did not reveal any

significant effect on the electrical characteristics of both

main and additional channels.

The barrier capacitances for the given photodetector

topology at zero bias had values of about 440 pF for the

main channel and 390 pF for the auxiliary channel. The

difference is due to the slightly larger metallization area of

the main channel.

4. Directional diagram of the
photodetector

One of the specific features of differential photodetec-

tors became apparent in the study of their directional

pattern [38]. Directional patterns were recorded with a

goniometer G5 using monochromatic light sources sepa-

rately for shortwave and longwave radiation. An LED

with wavelength 0.402µm was used as the short-wavelength

source, and an LED with wavelength 0.625µm was used

as the long-wavelength source. The emission of the LEDs

was modulated at a frequency of 1000Hz with current

amplitude values of 10mA. This ensured the operation of

photodetectors on the linear part of their energy characteris-

tic with the level of signals significantly exceeding the noise

ones. Signals were recorded at the output of the differential

amplifier with a selective microvoltmeter B6-9.

The directional patterns for photodetectors using two

types of packages were investigated. In the first case,

the photosensitive structure was mounted in a standard

metal box KT-2 housing equipped with an optical window.

The directivity diagrams of both the main (wide-band)
and differential channels in the short wavelength area had

Technical Physics, 2023, Vol. 68, No. 9
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Figure 12. Directional diagrams of the main (U) and differential (Ud) channels of the first type photodetector in the shortwave

(λ = 0.402 µm) and longwave (λ = 0.625 µm) areas.
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Figure 13. Directional diagram of the main (U) and differen-

tial (Ud) channels of the second type photodetector in the long-

wave area (λ = 0.625 µm).

a traditional form for photodetectors. The flat angle of

view (2β) at level 0.5 [39] was for both the main and

differential channels of 2β ≈ 90◦ . The specific feature in the

directivity diagram was manifested in the long-wave area of

the spectrum (Fig. 12).
The differential channel is designed to record only short-

wave radiation, and its sensitivity in the long-wave area

should be as low as possible. However, a number of

parasitic maxima were observed for the differential channel

at off-axis angles starting at angles of the order of 30◦.

Their appearance can be associated with partial shading of

photosensitive areas by the walls of the recessed body of

the photodetector, especially pronounced at the boundaries

of the directivity diagram. Since the differential signal was

formed by subtracting the signals of adjacent neighboring

photodiodes, uneven illumination of the sites led to the edge

effect and the formation of a spurious signal. To eliminate

the effect, mounting of the photosensitive structure in a flat

case KT-93 (second type) was used.

The directional diagram of such a photodetector for long-

wave radiation is given in Fig. 13. As can be seen,

the exclusion of the influence on the illumination of the

photosensitive structure of the housing design elements

resulted in a significant suppression of parasitic edge effects.

The low level of signals of the differential channel indicated

the homogeneity of illumination of sensitive sites and

preservation of selectivity of the spectral response of the

photodetector for all angles of the directivity diagram.

Another option for eliminating edge effects may be to use a

matte (scattering) input window [40].

5. Current sensitivity and threshold
characteristics of the photodetector

The absolute current sensitivity values of the differential

channel for monochromatic radiation (Sλ) [41] were mea-

sured. For this purpose, a UV LED with an emission

peak at wavelength 0.36µm with a spectrum half-width

of 0.013µm was used, which agreed with the maximum

spectral sensitivity of the photodetector. The value of

current sensitivity was determined by comparing the signals

of the investigated photodetector with a known one. An

FDUK-10 [42] photodiode was used as a comparison

receiver. The values of current sensitivity of the dif-

ferential channel for the photodetector with doping dose

2000µC/cm2 were Si = 0.06A/W. Calculating the current

sensitivity for 100% quantum efficiency at λ = 0.36µm [43]
gives a value of 0.29A/W. Taking into account that the

area of sensitive areas of the main channel was 32% of

the total area of the photodetector, as well as the decrease

in sensitivity due to the subtraction of signals from the

auxiliary channel (in our case it is 12%), the calculated

value of Si is 0.082A/W. If we also take into account the

presence of additional losses on reflection of radiation by the

entrance window and the structure itself, the obtained values

of Si = 0.06A/W can be considered quite an acceptable

result.

In some cases, it may be necessary to increase the size

of the sensitive area of the photodetector. For example, to

increase the sensitivity of a photodetector to illumination

or to extend the field of view of a device with a given

optical system. One of the advantages of the proposed

photodetectors is the possibility to increase the area by

connecting the modules in parallel. The required number

Technical Physics, 2023, Vol. 68, No. 9
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of modules can be assembled at the final operations of

device assembly without changing the main technological

operations. Fig. 14 shows the obtained dependences of

current sensitivity with the increase of connected modules.

As can be seen, when the total area of the receiving pads

was increased by 4 times, the current sensitivity did not

decrease, maintaining a constant value.

The question of threshold characteristics of photodetec-

tors is actual at registration of weak signals. The study of the

noise spectrum showed that the characteristics of the main

and additional channels for all samples practically coincided

and did not depend on the doping dose of the additional

channel.

In the absence of background illumination, the spec-

tral characteristics of noise currents had a classical form

(Fig. 15) and could be represented as a sum of two compo-

nents: flicker − noise and white noise [43]. The parameter

α flicker − noise (inoise ∝ 1/ f u) for the studied samples

had a value ranging from 0.9 to 1.1, and the frequency

of the conjugation of flicker − noise and white noise was

300−350Hz. Near zero bias, the spectral density of the

white noise current had a value of about 1 · 10−13A/Hz1/2.

Since photodiodes are practically not used in modes without

background illumination, measurements of the photodiode
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Figure 14. Current sensitivity of the differential channel for

photodetectors with increased area.
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noise current when the photodiodes are exposed to back-

ground radiation flux were carried out. A stable current

fed incandescent lamp was used as a background source.

The background flux level was controlled by varying the

lamp supply current, and monitored by the magnitude of the

background current of the test sample. The measurements

are shown in Fig. 16.

As can be seen, at background currents of

Ibackgr > 50 nA, the noise current of each channel for

frequencies above 300−350Hz was almost completely

determined by the shot noise of its background current and

could be determined by the Schottky [44] formula:

inoise =
√

2eIbackgr1 f ,

where e — electron charge, Ibackgr — phonon current,

1 f — bandwidth.

Based on the data obtained, operating voltages in the

range from 0 to 0.5 V can be considered optimal for both

channels of the differential photodetector. According to

our estimates, the noise characteristics of silicon differential

photodetectors for daylight at frequencies above 350Hz

will be determined by fluctuations of background radiation

starting from illuminance about 10 lx [45].

6. On the application of silicon
differential photodetectors

The application of silicon differential photodetectors as

short-wave photodetectors operating in the UV range

should be considered the most demanded. At the same

time, the sensitivity areas of the differential and additional

channels had a pronounced shift relative to each other

in the short-wave and long-wave parts of the spectrum.

This allows differential photodetectors to be used as dual-

color photodetectors. The spectral characteristics of the

photodetector with the widest spectrum of the differential

0 Technical Physics, 2023, Vol. 68, No. 9
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Figure 17. Spectral characteristics of differential (1) and

complementary (2) channels.
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Figure 18. Dependence of the ratio of signals of the differential

channel to the complementary channel on the temperature of the

heat source.

channel (doping dose 5000µC/cm2) are shown in Fig. 17.

As can be seen, the sensitivity maxima were in the

UV region (λmax = 0.37µm) for one channel and in the

visible region (λmax = 0.6µm) for the second channel.

The possibility to register optical radiation simultaneously

in two separated spectral ranges may be of practical

interest, as it allows for prompt spectro-zonal analysis of

emitting objects. The relevance of the development of

multispectral optoelectronic systems (OES), in which one

of the spectral channels would have sensitivity to radiation

in the UV spectral range, and the other channel — in

the visible or IR area of the spectrum, is associated with

the possibility of their application in such areas as space

research, nanolithography, military technology, medicine,

monitoring, emergency etc. [46,47].

As an example, we can consider the use of such a

photodetector to determine the temperature of thermal

radiation sources. Fig. 18 shows the calculated dependence

of the ratio of the signals of the differential and additional

channels (δ = Udif/U2) on the temperature of the heat

source.

The ratio of differential channel signals to longwave signals

for different light sources

No. Light source
Ratio

signals δ, a.u.

1 Incandescent lamp, 75 W 0.0025

2
LED bulb, warm color,

10W (LEDGSLE27)
0.186

3
Fluorescent lamp, warm

color, 30W (CF30-ASE27)
0.212

4
LED bulb, cold

color, 17W (LED-17 A65/865/E27)
0.247

5
LED bulb, cold

color, 7W (17FQ)
0.283

6
Fluorescent lamp,

cold color, 15W
0.304

The data are obtained by numerical integration method.

As a model of the radiation source, the ACT with the

character of photon flux distribution is assumed to be [48]:

Nλ =
2πcλ−4

exp C2

λT − 1
,

where Nλ — number of photons emitted in all directions

from a unit area in a unit frequency range, c — the speed of

light, λ — wavelength, T — temperature, C2 = 1.44 cm · K.

The signal ratio was calculated as

δ =
6i Nλiηλ1
6i Nλiηλ2

,

where ηλ1, ηλ2 — relative channel quantum efficien-

cies 1 and 2. Summation was performed in increments of

0.02µm. As can be seen, when the temperature decreases

from 6000K (solar radiation) to 3000K (incandescent
lamp), the signal ratio should change significantly, decreas-

ing by two orders of magnitude. This makes it possible

to use such photodetectors for monitoring high-temperature

radiation sources and for effective analysis of the type

of radiation sources — for example, in fire detectors to

avoid false alarms by recognizing the difference between

the spectrum of solar glare and the spectrum of thermal

radiation from fire sources. A photodetector with the widest

possible differential channel spectrum (dose 5000µC/cm2)
was chosen as the model most suitable for such an

application.

Another interesting application of the dual-spectral pho-

todetector is its use for testing light sources. Many

modern sources utilize the conversion of UV radiation

to visible light. The presence of a significant proportion

of UV radiation in household light sources is highly

undesirable [49]. The need to improve the devices and

methods for assessing the quality of light sources is

Technical Physics, 2023, Vol. 68, No. 9
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considered to be an urgent task [50]. In our opinion,

silicon differential photodetectors can be used for these

purposes [51]. The table shows examples of measuring the

ratio of differential channel signals to longwave (δ = Ud/U2)
for some light sources. The doping dose of the additional

channel was 2000µC/cm2. As can be seen, there was

a significant variation in the value of δ for different

light sources. It should also be noted that, in addition

to spectroscopic analysis, differential photodetectors allow

measuring the level of intensity ripples, which is also a

relevant characteristic of artificial light sources [52]. An

additional advantage of such photodetectors is the possibility

to analyze pulsations separately for both UV and visible

components of the spectral range.

Conclusion

The possibilities of application of differential methods of

signal registration of silicon photodetectors for controlling

the range of spectral sensitivity are considered. To improve

the homogeneity of the characteristics, it is proposed to

form the channels as two groups of parallel photodiodes

staggered in parallel. The experimental dependence of

the long-wavelength limit of the differential signals on the

implantation dose As is presented. The recommended

optimal implantation dose — about 2000µC/cm2. The study

of the electrical characteristics of the main and additional

channels showed the possibility of reliable registration of

the difference signal with the help of a differential ampli-

fier in the whole temperature range of practical interest.

Deep enclosures are not recommended to avoid parasitic

signals when radiating laterally. The measured differential

channel current sensitivity values for the photodetector

with 2000µC/cm2 doping dose were Si = 0.06A/W at the

0.36µm wavelength. One of the advantages of the proposed

photodetectors is the possibility to increase the receiving

area within wide limits due to the parallel inclusion of

modules. Examination of the noise spectrum showed that

near zero bias at frequencies above 300−350Hz for the

dark current, the white noise spectral density had a value of

about 1 · 10−13 A/Hz1/2 . Besides the application of silicon

differential photodetectors as short-wave photodetectors

operating in the UV range, it is possible to use them as

two-color photodetectors, for example, for remote analysis

of radiation from high-temperature thermal sources or as

quality testers of artificial light sources.
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