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IR Antibunching M easurementswith id201 InGaAs Gated SPAD
Detectors

Abstract. Antibunching measurements with InGaAs SPAD detscare faced with the
problems of high background count rate, afterpglsand the requirement to gate the
SPADs. This application note describes how antiebhing measurements can be
performed by using pulsed excitation and gatedcatiete Possible problems of the
principle are discussed and hints for the builduguitable experiments are given.

General Principle

Antibunching measurements based on InGaAs avalaplcb®wdiodes (SPADs) are used to verify
single-photon emission from single quantum dotdhi@ IR at 1300 nm and beyond. However,
InGaAs SPADs differ from detectors for the visibdage in some important details:

- Compared with detectors for the visible rang€&dAs SPADs have extremely high dark-count
rates.

- InGaAs SPADs have strong afterpulsing. When at@havas detected the diode is likely to
produce a dark count in the next gate intervals ™airk count produces additional afterpulses.df th
total multiplication factor is larger than one isility occurs.

- InGaAs SPADs can therefore operated only in adyatode. That means, the diode is turned on
for a gate time of 2.5 to 100 ns. If a photon iged&d within this time the diode delivers an otitpu
pulse. Even if no photon is detected in the gatrwal the diode has to be turned off for at |dast
until the next gate pulse is applied.

- To further reduce the amount of afterpulsing diede is usually turned off for a period of time
longer than the gate period after the detectioa photon. This ‘dead-time’ is adjusted to keep the
afterpulsing intensity at an acceptable level fiar particular experiment.

The traditional Hanbury-Brown-Twiss setup for dmtinching measurements is shown in Fig. 1,
left.
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Fig. 1: Left: Traditional Hanbury-Brown Twiss expaent for antibunching measurement. Right: WithOtiZyated
InGaAs SPADs.

In the experiment the sample is excited by a caotis laser. The light from the sample is split into
two channels. Each part is detected by an individugle-photon detector, A and B. A TCSPC
device measures the times between the detectiaortserechannel A and channel B and builds up
the photon distribution over these times. A singl®ton emitted by the sample can go only to
detector A or to detector B. Therefore the distiitiu obtained from a single-photon emitter shows
a dip at a time that corresponds to events thatapgmultaneous in detector A and B. Obviously,
the Hanbury-Brown-Twiss setup requires a continlyow®rking detector. Therefore, it cannot be
directly used in combination with gated InGaAs SBAD

A possible remedy is shown in Fig. 1, right. Dete@ is gated periodically ‘on’ by its internal gat
generator. The gate of detector B is synchronisial tivat of detector A via a connection from the
gate clock output of detector A to the gate triggedetector B. A TCSPC module receiving a
‘start’ from detector A and a ‘Stop’ from detect®rwould detect an anti-bunching curve over a
correlation time interval equal to the gate timieival.

Unfortunately, this setup works reasonably only docorrelation time interval shorter than 10 ns.
For longer correlation times the high dark counteraf the SPAD results in a substantial
background of random correlation events, and iroticeable drop of the correlation curve with
increasing correlation time. Moreover, there issestalk of the gate pulse into the detection
probability, which, in turn, results in ringing the correlation curve recorded. An example is shown
in Fig. 2. Because of these problems, results nbtbirom the setup shown in Fig. 1, right, have not
been published so far.

Fig. 2: Correlation background form the setup showhig. 1, right. Gate width 20 ns.
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Gated Antibunching M easurements with Pulsed Excitation

A solution to the problem of counting backgroundyéed detection in combination with pulsed
excitation. The setup is shown in Fig. 3.

A picosecond or femtosecond pulsed laser must bd ts excite the sample. This is usually a
titanium-sapphire (Ti:Sa) laser. Due to the shadel pulse a single quantum dot can only be
excited one time within the duration of the laselsp. Consequently, it can also emit only a single
photon for one laser pulse, no matter how highlaser pulse energy is. To allow the id201 to gate
the photons excited by the laser the repetitiom nats to be reduced to about 1 MHz. A pulse picker
is therefore needed in combination with the Ti:&szet.

An electrical reference pulse is derived from thsel via a photodiode. The reference signal
triggers the gates in both id201 SPADs. The gabe thould be as short as possible to keep the
background count rate low. However, it should beshorter than 50% of the excited-state lifetime
of the sample. The gate delays are adjusted sdhtbathotons emitted by the sample are inside the
gate, see timing diagram in Fig. 3, right. Pleask rthat there is some delay in the optical system.
The gate delays required may therefore be in thgeraf several ns or even 10 ns. The exact values
depend on the length of the laser light path, dreyth of the reference cable, the length of the
detection fibres, and the internal delays of ti#9id
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Fig. 3: Gated antibunching measurement with ps tader

The output pulses of the id201 detectors are cdadeo the start and stop inputs of the TCSPC
module [1]. The stop signal is delayed by about 250n order to shift the zero-correlation peak
into the recordable time interval of the TCSPC medad50 ns correspond to about 50 m of¢b0-
cable. Any bh SPC (TCSPC) module or the bh DPCg#8fon correlator can be used. Please note
that the start input of the SPC modules is markdeD’, the stop input ‘SYNC'. Please see [2] and
[3] for details.

The recommended SPC system parameters for gaidouaching measurement with a pulsed laser
of 1 MHz repetition rate are shown in Fig. 4. Tletup shown left is for alignment purpose. It uses
the ‘Oscilloscope Mode’ of the SPC or DPC modulaligplay the result in intervals of 1 second.
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The setup shown in Fig. 4, right, accumulates thatgns until a count number of 65565 is reached
in the highest channel or until the measuremestioigped by the operator.
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Fig. 4: Recommended SPC system parameters for gemetbunching measurements. Laser pulsed at 1 Nift:
Oscilloscope mode for alignment of experiment. Rigingle’ mode for accumulating the photons osdonger time.

Typical results are shown in Fig. 5 and Fig. 6. Theve shown in Fig. 5 has been obtained from a
sample that did not show any anti-bunching effétie result of the measurement is a number of
correlation peaks. The peak on the right is theetation of the photons of detector A versus
detector B for the same excitation pulse. Please that the SPC module uses reversed start stop;
consequently the time axis is reversed. Pleas§2sé® for details. The peak in the middle and the
peak on the left is the correlation between theqgioof different laser pulses.

SPC-130 SING Mode - antibunching-microsecond-01 sdt

Fig. 5: Result for an uncorrelated signal from gl without any antibunching effect

For a sample that shows antibunching the peak ®night becomes smaller, the other peaks remain
the same. A result is shown in Fig. 6.
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SPC-130 SING Mode - antibunching-microsecond-01-correlated sdt

Fig. 6: Result from a sample with anti-bunchingeTieak at the right becomes smaller.

Please note that the apparent peak amplitude nrgydue to the distribution of the data points on
the peaks. To evaluate the exact number of photathén the individual peaks, please enable the
cursors and zoom into the peak of interest. Thigk dn the ‘Trace Statistics’ button and check the
number of photons in this peak, see Fig. 7.

SPC-130 SING Mode - antibunching-microsecond-01-correlated. sdt
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Fig. 7: Evaluating the number of photons in a datien peak. Enable the cursors of the SPC maielpanom into the
peak, and click on the ‘Trace Statistics’ button

It should be noted that antibunching results oletifnom InGaAs SPADs are by far not ideal. Even
for a perfect single-photon emitter the zero-catreh peak (on the right in Fig. 6) is not zero
because it contains a number of random correlai@mts form background pulses. Moreover, the
size of the correlation peaks obtained from an tetated signal is not necessarily constant. The
sizes are influenced by afterpulsing and by theldmae of the SPAD. Please note that these effects
depend on the count rate in the start and stopnehaReference measurements should therefore be
performed at similar start and stop rates as thibuarching measurement.

Optical System

In should be noted that anti-bunching measurenreqtsire to excite and detect signals from single
emitters, such as single molecules, nanopartidlesingle quantum dots. The measurements can
therefore only be done in microscope or a simifatroal system. A confocal setup has to be used to
confine the detection volume to a single partidleis requires perfect alignment of the optics. The
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laser has to be focused exactly on the particleumestigation. The light emitted by the particle
is detected through the same microscope lensskparated from the excitation light by a dichroic
beamsplitter. After passing a filter the emissiight is focused on the input of an optical fibréneT
input of the fibre works as an optical pinhole. Tit®e input musts exactly conjugate with the
particle in the laser focus. Any misalignment inyx,or z results in loss in signal intensity and in
loss of the correlation signature.
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