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A Single Photon Detector is an electrical circuit that reacts to a | Applied voltage gradually rises back into the unstable region |
photon and produces a measureable voltage spike and can be used to
sense and count photons. The ability to sense photons allows Stable > Sfbo'le > Stable
. n
researchers to study fundamental physical concepts, such as And Current Flows And
: . . Fl
entanglement and flame thermodynamics. Commercial versions of these Current Flows current Flows
circuits, however, are thousands of dollars. The possibility of fabricating
: : : V', eardown Unstable A4 V breakdown Unstable
one from components at a reduced cost was investigated. The main Voo Unstable 4, *%f
component of the system is an avalanche photodiode. Unless the voltage VO/fp//éd tagy
applied to the photodiode is larger than the breakdown voltage, current — e \oplied
. : . P
will not flow. However, when the applied voltage is slightly below the Avalanche Sfbo'le e o oo e v \4 Jotage
. . . . . n apile
breakdown voltage, current can flow if light impacts the diode. Photodiode Current Doesn’t Flow &,,\\ ; And
Therefore, the photodiode can act as a switch, which is activated by one o —_M// Current Doesn’t Flow sy Stable
. . APD
or more photons. There are two ways to improve the function of the e —»“/ H\r/ Current Q;‘:Sh,t low
. . . . . esistor R . . R
Single Photon Detector. First, one can improve the reset time because it The applied voltage is set inside L' A photon strikes the photodiode, iy
takes a while for the applied voltage to reset after being hit by a photon. the unstable range, which “ V‘r’]h'Ch i“‘:\ws current to pass ” 1 The current passes through a
T . ’ . - through the circuit. Current wi ) i i
Also, the temperature of the circuit rises due to current flow. A resists current flow until a 18 , resistor, which lowers the
_> continue to flow until the lied volt toDDi
: e : : applied voltage, stoppin
temperature control system is needed so that the sensitivity is constant. Circuit single photon strikes. applied voltage drops i Csfrent o 5€, STOPPINg
By applying all of the concepts above, it is possible to build a cheap but '
reliable Single Photon Detector.
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~ 1) When a photon impacts
1. Single Photon Detectors are commercially available, but can cost = o=~ [l e o a0 A pee e dh : :
s 1IN0 NNTO)C(ON\V/(2 1NN 1N S Photodiode the photodiode and current
thousands of dollars. Some smaller colleges or research facilities can SlUUCd UUUU|IMDU OO Y'SUUUSU UG _
find this cost prohibitive. It is possible to build one from scratch for a : . - tlows, this current passes
tenth of the cost Performance Issues do not prevent the Single Photon Detector from functioning correctly. @ through a resistor like above.
2. The main component of the Single Photon Detector is an avalanche * In order 1 IRpreE the TEBES WinE of the avalanche photodlode, active o) Th  that
ohotodiode quenching will be applied. This will allow a larger quantity of photons to ) The current that passes
' . . . " ime i hrough the resistor is then
e An avalanche photodiode is a light sensitive be counted the same time interval. - @ é through the resistor is the
semiconductor. Like most semiconductors, there are * The avalanche phf)todlc?de is sensitive to fluctuations in temperature. If read by a comparator.
situations in which current can flow and situations in the tempera;clure is maintained, the breakdown voltage region and the 3) The comparator sends a
: sensitivity will remain constant. : L
which current cannot flow. Y Voltage signal to a control circuit that
e By applying a certain voltage potential to the diode, a Temperature Probe adjusts the voltage source to
smgll.e dphotlon |mp§|c|:t bWI”' aI.I;)w current. tobflov::.d This e As current runs through the circuit there is an increase in temperature. @ @ increase the applied voltage.
aplp € vo.tage Wil be lnglele & OErEly BrEs e o  This temperature affects the sensitivity of the avalanche photodiode. 2 Thie ¢ " od
Hioliizle e, _ o _ e The unstable region where we keep the applied voltage will move either up Comparator ) This forces the applie
e Once current begins to flow, it will not stop until an or down. voltage back into the
EUtSII?de mfluerl\ce Iower.s thefappllgd voI.tage be'°W;he e This will cause false detections of photons or miss photons all together. unstable region much faster
red OYIE l’ﬁ tags tceill'or:j. TE (;esmtgr 15 c?n(r;ectTt n e A temperature control circuit must be employed to combat the B than before.
series Wi e photodiode, a drop in applied voltage fl : :
uctuations in temperature.
will occur as a result of current flow. ~
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- a: 0.5mA/div a. Current
Single Photon Single Photon b: 0.5Vidiv b. Voltage applied Two Photon Intensity
detectors can be used detectors can be - 3 Hor: 0.5 ps/div There is a current spike when a Sensors were designed, Zhang, Jie. 2006. "Semiconductor opticql sipgle-photon
to view low light used to detect LLL_L R photon hits, but the voltage applied fabricated, and SEte.CtorZ' \ivorgShc_’p O”UA‘?Iva”Fted iolf'ci'”t Avaiab
. . R . . . ; ; emiconauctor pevices. university or hocnester. Avallabie
images such as those photons in quantum | immediately falls, stopping the ~ implemented in order to Y

measured in
combustion analysis.

optics.
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current. The voltage applied takes a
while to reset.

Results taken from:
Semiconductor optical
single-photon
detectors,pg.2 Zhang,
2006
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gain related lab
experience. These sensors
were then tested for
linearity.

Note: Please ask about sensors.

at:
http://www.ece.rochester.edu/courses/ECE423/ECE223 42
3_MSC426%20Workshop06/term%20papers%2006/JZhang
_06.pdf
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