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Attapon Charoenkunlawanit 2014: Spectral Properties of Pump for Photons Generation
from Type-II Spontaneous Parametric Down Conversion Process. Master of
Science (Physics), Major Field: Physics, Department of Physics. Thesis Advisor:

Assistant Professor Surasak Chiangga, Dr.rer.nat. 66 pages.

This thesis studies spectral properties of pump as a function of supplied voltage for
photons generation from Type-II spontaneous parametric down conversion (SPDC) process. It is
found that when supplied voltage is increased, the pump wavelength and the full width at half
maximum (FWHM) of the pump increase, namely, the supplied voltage of 560, 760 and 960
millivolts the measured wavelength are 404.95, 405.74 and 406.26 nanometer, respectively, with
FWHM of 1.57, 2.12 and 2.48 nanometer, respectively. This result shows that the potential
difference of 560 millivolts is suitable for production of photons due to it gives maximum
photons generation. It is found that a region the photon pairs overlap has diameter of about 1
millimeter and average photons of 670 Hertz and the photons are un-polarized photons, namely,

the visibility of polarization is about 0.92 and the uncertainty of visibility is about 0.01.
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20
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SFG (Sum Frequency Generation)
k,+k,, =k, (1)
DFG (Difference Frequency Generation)

k,—k,=k, (22)

o @ 1 . 4 [
A MSUMIUNINTZBUDY collinear Amnsnanzlifou ludresduasidiiy

SHG
n,,—n, =0 (23)

SFG
@, (n,—n,)+o,(n—n,)=0 (24)

DFG
w,(n,—n)-o,(n,-n,)=0 (25)
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4
g
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VUBDYNUNANITLUNINTSIYVDINAYU IﬂEJ‘VIch‘iJ 0 Lﬂuigﬂﬂslﬁlf‘l]iiﬁﬂﬂ‘ﬂﬁ"llﬂﬁﬂﬁ'LLWiﬂi%iﬂﬂﬂJ’ﬂ\i
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A 24 o o Jdo o J . . o A A 1 Y as.l‘ Lﬂy [ [ A =
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MNA 5 LAANTMIMIATHTNIM TURANLN WA IVAL (negative uniaxial crystal)
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¥ d‘d @ = [ U = d' ¥4 d’d
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€00 O 020 oee or eoe
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54 (54 53
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= o a Y g £ Y 1Y v d g . . .
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9
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axis) A4Y ArtiinmdAyesu n, = n, = n 0z n, = n, AIMTURANLAWIARBIVLVIN
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1 cos’d sin’é

2 7T 2
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&% & A A 3
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dunagliyy o = 45" awnsaleunnmesuovllage 4, lailu

1 {1} (30)
V2 11)°
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4

v 1
o= B 25 -

10990 exp(—in/2)= —i

= 4 s A Y 1 a A ] 9 o [
M3Weunnaes laudie ldheaomsnosauasidsiud llglnsaineliieg
< 4 ] Y 4 o o y
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navihyn o Ing:
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A
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0 1

uedenau (4/4) il slow axis ogludia
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Y &)ij__ﬂf(() 1+J
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(1 0Y (=i 0
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Y {1 ] 4 1
Taganuz Tnan lsisuvewasiidsiuesnuinnglnsainanasazeg lugnagu

o 4 a 4 4 9 1 dy
VOININADS LAUFLASIUNT Y JAUT MUTUNTAIUA N

v Ext a b ExO
E = = . , (32)
E c d E

vt »0
1 ~ I A o a 9 (] a [ [l ]
LU um‘wmﬂﬂiz‘vmnJul,mm3JT‘wafliqm,ummmuuazaggluwﬁx (a =0") HaINNTAINIU
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PONUNALRUITEINAUNT slow axis BYTUNA x csaenlugnagauveannmes laud
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< o 1< @ i< 4 ! a
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VAo Y 1 ~ a L) I o 09/1
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o 1 (]
VNﬁ ﬁ”]u']ﬁﬂﬂ']lgl')mﬁ']ﬂ']ﬁﬂ'lwua\uﬁullé{ﬂ']ﬂﬁuﬂ'ﬁ (34)

V: Nmax _Nmin (34)
N_ .. +N..
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SPCM-AQ4C

Single Photon Counting Module

Array

Orearview

The SPCM-ADMC is a 4-channel
photon counting cand capable of
dietecting single photoms of light
wver the wavelength mnge from
400 m i 1060 nm. Each chanmel
is independent from the others.

The SPCAM-ADME uses a unigue
silicon avalanche photodiode
{31k that has a circular active
ares with a peak photon detection
eficiency exceeding 60% at
Gnm.

Each photodiade is both thermp-
electrically ooled and tempers-
ture controlled. ensuring stahilized
performance despite changes in
the ambient temperature. The
SPCM=ACMC card uses an
improved cinouit with a peak
oount mie =4 M ofs for short bursis
of time on all 4 channels and a
oount mite of 1.5 M ofs for continu-
ous operation.  There is a "dead
time” of 30 nanesemonds [ns]
between pulses.

The SPCAM-ALME mguires +2 Volt,
+4 Vaolt, and +30 Yolt power sup-
plies. The autput of sach channel
=a TTL pulse that is 4.5 Volts high
linbo & 60 © loed) and 28 ns wide =
is available af the card edge behind
the circuit boand. Each TTL pulse
oorrespomds io a detscted photon.
All input and cutput signals are
available at the card connector.
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Ta avaid a degradation af the
module linearity and stability, the
heat sink temperature should be
kept hetween 570 and 40" C during
operation.

Saturation

The count decreases at higher
incoming light levels. The count
at which the output rate stars to
decrease is called the sahwration
print. As an extremes example, if
the moduls is exposed to intense
Light, the count rate will fall to
zemn. Consequently, in certain
applications, some tests should be
performed by the operator to
ensure that a low count mbe is not
caused by detector saburation.
Frecautions should be taken o
aroid any excessive light level that
will damage the SPCM.




SPCM-AQA4AC

Fiber connection option

The SPCM-ACMC has an "FC" Gber-
optic receptacle pre-aligned to the
optical detector. Optical fibers with
am FC connector on one end are
available separately (see Fiber Tvpe
Crdering Guide on page 7. The
photon detection efficiency is
typically 60% at 650nm.

Fiber shielding
‘When used with optical Gkers, bath
the: fiher and the connector shrouds
must be completely opagque; if not,
stray light will increase the count
rate. The SPC3A-0CK pigtails
oonform to this requirement

{see Fiber Type Ordering Guide

an page Tl

Gating function

A gating function is provided with
each channel. It is useful when
looking for a signal that oocurs only

in a small timeframe window. Also,
in some applications the back-
ground light flux is higher than the
signal. In this case, the gating
option could be used to improve
the S/M ratio by opening o window
only when the light signal is pres-
ent. The output of the module is
enabled when a TTL low level is
applied to the module gate input.
Gated count rate is = n-1. The mod-
ule is gated “0FF" when a TTL
high level signal is applied to the
gaie inputk.

Light emission during
photon detection

Unee peculiarity of silicon avalanche
photodiodes is that as an incoming
photom is detected, a small amount
af light is emitted from the ava-
lanche region. The light emitied
has a broad spectral distributiomn.

In most cases, this is not a problem.
However, it can canse some confu-
sion if another detector is monitor-
ing light. or if the optical system is
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such that light emitted froom the
SPCM-AQMC is reflected back on
itself. If these photons rehon more
than 30 ns after the initial event,
they will be detected.

Sataty
The SPCM-AQAC contains a high
voltage power supply. All internal
settings are pre-set; there are no
user adjustments.

Units which appear defective or
have sufiered mechaniml domage
should not be used because of pos-
sible electrical shorting of the high-
voltage power supply.

Warranty
A standard 12-month warmnty
followring shipment applies. Any
wamanty is null and woid if the
madule case has been opened.

ESD warning

Modules should only be handled at
an ESD safe work station.
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Tahie 1. Specifbcatbons SPCAM-AQ4C at 22°C. all models, unbss otbherwise mdicated

Mote: * At power on and 070
A1 maximane oownt reta
Parameser Miniimum Typical

Supply at 2V 1.0

10"

B mwm at +2V
power at +& Y
oansurmption at

Supply voitages

HI.IH' E—'N‘ EE

Oparating bemperature fheatsink

Phaton det efficiency
ﬁ).dm:nlim

[
4

1
at B80nm 458
at 820nm a8
at 10E0nm 1

Li™&8

Pd variation per channel at oonstant
heat temperature (6 hrs at 26°C)

Pd varation per channel at 5*C o 40¢C =1
haat tempentune

+10

+10

+20

Dead time {Count rates below & Mo's) nancseconds
Cutput pulse width

-y § ol ajerse |ole<<[FEEIIII[§

=lue

s Caontiruaus
oount raie

Mo's

{per charrel}  S00ms duration, 28% duty cycke

E-Fl

Asierpulsing probability

Gumddmg-ut“&rm

Low lervel = Gaie On

Gate L et by VS
turm=an frus

Gabes tun-aff delay for minimum last cutput pulse width of 10ns

-IIE_ED

-4
BR== |£|Q
"

Linearity comeotion factor [7] See fig. 3
at 200 koss .01
at 1 Mok 1.08
at 1.8 Mo's 112

Ahsolate maximum Tatisgs

Parameter

2
Supply voltage 4!.:

30N

Mean count rate, continuous (per channel)

Pal pount ot 25% d 1o 500ms

Pl flaximum 104 and waldth less than 1
hiuﬂht-ﬂr phaton/pulse and pulse ns

Temperature: -48" to BOC storage, B'C 1o 40°C operating heat sinkc.




Operating Instructions

[

Connection bo incomect voltage
ar reverse voltage may destroy
the module. If such damage
acours, the warranty becomes

invalid.

. These madules are not gualified

for shock ar vibration othes
than nommal insirumentation
environments.

. The module dissipates a mean

power of 3. 8W, and a maximum
power of 14W at high count rate
and 40* C. Adequate heat sink-
ing must be provided by clamp-
ing the module to a suitable
heat sink via the holes in the
module base. For the speci fica-
tion performance, the module
case lemperature must oot

wxoeed 40° C.

. Bi-stahility of the dork count:

On a small percentage of deliv-
ered madules, hi-stability of the
dark count has been ohserved.

Eesearch indicates that this bi-
stahility is probably due o tran-
sitions at a single impurity site
between a low energy and a
high energy state. The phenom-
enom is seen as an abrapt
change in the dark count mie,
e.g. 350 to 390 ofs, and the dark
count swilches between the two
states at a mie dependent o the
detector tempesature.
Multilevel switching has also
been observed, where more
than one impurity site is
switching.

. Long-term hi-stability is related

to fundamental semiconductor
physics and is outside
PerkinElmer's control.
Warranty claims will not be
entertained against bi-stability
alone. Warranty claims will
anly be considered if the high
level of the dark count exoeeds
the maximum level in the
speviication.
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. In the dark, the module gener-

ates mndom counts that follow
a Poisson distribution. Ina
Poissonian process, the stan-
dard deviation is equal to the
square oot of the average
counts. In this specification,
the “dark count variation”
refers to the stahility of the
average count of the module,

. When connecting power to the

madule, good grounding iech-
nigques must be chserved. All
ground connections for the
+30V and +5V supplies should
connect through a single point
on the user's interface. All

ground pins on the mrd edge
mnnector should be used. The

+2V grounds should be con-

nected together at a single
point, but should be seperate

and isolated from the grounds
of the cther supplies.

The actual photon mie could be
clculated using the following
equation, as indicabed below:

ACTUALCOUNTRATE ppgnne =

MedieCosnfals & CORRECTIONPACTON & fhe Moduls
PHOTON DETECTION EFRGIENCY Modise

The Sheovetical mlie. af iow oot rade, of the Covrection Facior Aalows s sgaaiion:

Comection Facior =

I- ftg X G

Tha glewiation fraee an Adaai Noear spstem & anatber way of laaking ar $he saluradion affect. The flbwihg apusions show b I celouisle i depariure Joe e dneamy:

LNEARTY =

T

ifiere: [y o biodeie [eas! Time

Ejge Ouiput Count Rate

OUTFUT MockdeCounifaie

- DARK COUNT Madulks

-1
(PHOTDNS Ackual Coenf Sate x PHOTON DETECTION EFFICIENGY Mockse) + DARK COUNT Mook

i

—_—
Covreetion Facke
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Figure 1.

Dietecior scan withsut FC fiber adaptar

Figare 2. Photon detection efbciency (pd) vs. wavelength
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Thorlabs

| FOCtek =

il Lharcr

1
FOC Ref#: IN1Z1211-01 1D; 3010010690 s 1
FOC P/N; BBO-5x5-1-42.9/30-AR/AR-BHZ001-A0S

Customer PiN: PO,
| Product Name: BBO cryatal

¥ Desription: Material:BEO + Al Size:SxSx1mm mounted
in 25.4mm holder.

MNEUINN U8 HANTNIN DU FiA BBO WA 1agUHN FOCtek
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