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HccnenoB HUE MUKPONUKCENBHBIX JI BUHHBIX (POTOIMONOB

MuxponukcensHble 1 BUHHbIE (poToguons! (MIID[]) — HOBBIE (hOTONETEKTOPHI C
MHKPOIIUKCEJIbHOU BHYTPEHHEH CTPYKTYpoil H 0OIueil KpeMHHeBoil nomioxke. TH-
NUYHBIA P 3Mep K k010 nukcens 20—-30 MKM, mioTHocTh okomo 103 mv—2. K xblit
nuKcesab p 60T er B pexume [eiirep H o0uryo H rpy3Ky. P 3psn orp HuuuB ercs
UHIVBUIY JIBHBIM I' CAIIMM PE3UCTOPOM, BKJIIOYEHHBIM B K XKAYIO LeNb AT HUS MUK-
censt (OTpHLl TelbH 51 oOp TH S CBA3b, K K Y T 30BOro cuetdynk Ileiirep ) u p 3me-
LIEHHBIM H 00mei nomioxke. B pexume I'eiirep MOXHO momyuuts KoadduimeHt
YCUJIEHHS JUTSl €IMHMYHBIX (hOTOBIEKTPOHOB H yposHe 108 mpu KOMH THOIA Temrep -
Type. MI3MepeHs! U cp BHEHBI ycuieHue, a(pheKTUBHOCTb PErUcTp LUU (POTOHOB, Of-
HO()OTORIEKTPOHHOE P 3pelleHHe, IIIyM U TEMHOBOU TOK JJisl p 3HbIX TUNoB MJIMDI.

P Gor Bemonxex B JI Gop Topuu spepHbix npobiem um. B.II. Ixenenos
OUIN.
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Test of Micropixel Avalanche Photodiodes

The micropixel avalanche photodiode (MAPD) is a novel photodetector with a
multipixel intrinsic structure on the common silicon substrate. The typical size of
each pixel is 20-30 zm and the density is about 10> mm~—2. Each pixel works on the
common load in the Geiger mode, where the discharge is limited by an individual
quenching resistor (negative feedback like in the gas Geiger counter) included in
each pixel feeding chain located on the common substrate. In the Geiger mode one
can get an amplification factor for a single photoelectron at the level of 10° at room
temperature. Measurements of gain, photon detection efficiency, one-photoelectron
resolution, noise and dark current for different types of MAPD were performed and
compared.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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The micropixel avalanche photodiodes (MAPD) is a novel photodetector with
a multipixel intrinsic structure on the common silicon substrate. The typical size
of each pixel is 20-30 um and the density is about 10> mm~2. Each pixel
works as independent photon microcounter on the common load in the Geiger
mode, where the discharge is limited by an individual quenching resistor (negative
feedback like in the gas Geiger counter) included in each pixel feeding chain
located on the common substrate. Actually, each pixel operates digitally «yes/no»
in response to an incident photon, but MAPD in the whole is an analogue device,
which can measure the light intensity within the dynamic range corresponding to
the total number of pixels.
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Fig. 1. Pixel gain, PDE and dark current versus bias voltage for S60
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Fig. 2. Pixel gain, PDE and dark current versus bias voltage for MP3D

The basic design of MAPD with individual vertical quenching resistor has
been proposed in Russia in 1989 [1]. This design has disadvantages, low sensitiv-
ity in blue and in the UV range of the spectrum due to absorption in the resistive
layer and low production yield because of the short circuit effect through the thin
vertical resistive layer.

The next design of MAPD with individual surface drift charge channels [2]
and with individual surface resistor [3, 4], at least partially avoids the above
disadvantages.

We study three different types of MAPD: S60 with individual surface drift
charge channels, MP3D with individual surface resistors designed by Z. Sadygov
[5] and SSPM-050701GR-TO18 commercial device available from Photonique,
SA in Switzerland [6].

The MAPD S60 and MP3D consist of about 1000 pixels and SSPM-050701GR-
TO18 consists of 556 pixels. All devices are produced on the low resistive p-type
silicon substrate and have 1 mm? of total area.
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Fig. 3. Pixel gain, PDE and dark current versus bias voltage for SSPM-050701GR-TO18

The MAPD performance was studied at room temperature by means of a fast
LED with the use of low-intensity light flashes [7].

Figures 1, 2, 3 show the MAPD single pixel gain, dark current, photon
detection efficiency (PDE) for different light wavelengths depending on bias volt-
age. The experimental points for pixel gain have been obtained by measuring the
single-photoelectron peak position (see Fig.4). The MAPD gain is proportional
to the effective capacitance of the pixel times the overvoltage. The function’s
slope of pixel gain from bias voltage corresponds to effective pixel capacitance.
The different types of MAPD have various capacitance Cyix (see Figs. 1, 2, 3).

The PDE is a product of quantum efficiency QE of the sensitive area and
geometrical factor e (ratio of sensitive area to total surface) and the probability
P, that an incoming photon triggers an avalanche breakdown:

PDE = QE - ¢ - P,,.
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Fig. 4. Typical LED spectra of MAPD for low-intensity light pulses with mean number of

3.4 phee. at T =22 °C

The PDE rises with the increase of bias voltage as a result of increment of trig-
gering probability P, apparently due to effects of high electric field [8]. The e is
about 50% for S60, MP3D and approximately 70% for SSPM-050701GR-TO18.

All devices have high single electron resolution ¢ and excellent excess noise
factor ENF [7] (see Fig.4).

The electronic noise of MAPD is small due to high gain and, therefore, level
of electronic noise is less than 0.2 electrons (see Fig. 4, pedestal width). The main
source of dark noise rate (dark current) is a breakdown triggered by generation of
thermal free carriers in sensitive volume. Figure 5 shows the dark count rates as
a function of the threshold in units of amplitude signal from fired pixels by any
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Fig. 5. The dark count rate of the MAPD for different gains in dependence on the threshold

generation of free carriers. The dark noise rate depends on design and production
technology of MAPD and limits MAPD performance only in detection of small
light intensities (few photoelectrons), and it does not affect in the case of large
light signals.

Investigations of MAPD show that S60 holds much promise due to high gain,
excellent single-electron resolution and low dark count rate.

In conclusion, we would like to thank Dr. Z. Sadygov for providing us with
samples of MAPD and for useful discussions.

REFERENCES

1. Gasanov A., Golovin V., Sadygov Z., Yusipov N. Avalanche photodetector. Russian
patent No. 1702831, application from 10/11/1989.

2. Sadygov Z. Avalanche photodetector. Russian patent No.2086047, application from
05/30/1996.

3. Sadygov Z. Avalanche detector. Russian patent No.2102820, application from
10/10/1996.

4. Buzhan P. et al. // Nucl. Instr. Meth. A. 2003. V.504. P.48.
5. http://sunhe.jinr.ru/struct/neeo/apd/

6. http://photonique.ch/



7. Chirikov-Zorin 1. et al. // Nucl. Instr. Meth. A. 2001. V.456. P.310.

8. Oldham W.G. et al. // IEEE TED. 1972. V.19, No. 9.

Received on June 1, 2006.



Koppexrop T. E. [loneko

Ionnuc no B meu 16 27.07.2006.
®Dopm 1 60 X 90/16. Bym r odcern 4. Ileu b odceTH 4.
Yen. neu. n1. 0,68. Yu.-uzn. a. 0,96. Tup x 305 ax3. 3 x 3 Ne 55418.

W3n tenbckuii otaen OOGbeIMHEHHOTO HHCTUTYT SIICPHBIX HCCIICHOB HUit
141980, r. dy6n , Mockosck s 06:1., yi1. 2Konmo-Kropu, 6.
E-mail: publish@jinr.ru
www.jinr.ru/publish/



