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Introduction

Wavelength sweeping or wavelength
interrogation is important for a number of
applications and can easily be obtained using a
SuperK Supercontinuum sources with a SuperK
SELECT multi channel AOTF filter equipped with
the SuperKk COMMAND interface box.

The main advantages of wavelength sweeping or
wavelength interrogation using the SuperK
COMMAND is the ability of changing wavelength
or amplitude on a timescale shorter then <100 us.
Up to 16 channels can be enabled simultaneously
for very Rapid color interrogation/switching. In
addition, the Fast Wavelength Switching
functionality can be utilized to high-frequency
amplitude modulate the signal, thereby replacing
e.g. a mechanical chopper functionality. The
advantage is that the frequency can be very high
and free space coupling is avoided.

Software control of the wavelength

If many wavelength slots are to be scanned, it is
possible to do so with software control of the
AOTF. With software control of the AOTF each
wavelength step is requested from the driver by
issuing a command. This approach is most easily
illustrated with an example.

In this example we want the system to generate a
wavelength ramp with the following parameters:

Parameter Value
Start wavelength Agart 500 nm
Stop wavelength Agop 600 nm
Wavelength step AN 1nm
Time between steps At 1 sec.

Other variables used:

Variable Description

The set wavelength in the

A .
set particular step

Pseudo code:

Initialize

Aset = Astart

Write A to driver

WHILE Aget < Agtop
Aset = Aset + Astep
Write Ay to driver
WAIT At

END While loop

This is can also be illustrated by a flowchart as
shown in Figure 1.

Initialize
Set A=A

Set

wavelength RESET
AR‘=Rset+R5te
et start

Last
wavelength in
set?

Ase\=lsu:m?

Repeat?

Figure 1 : Flow chart of a possible implementation of a
software controlled wavelength ramp.

The main limitation of the software controlled
wavelength interrogation is rate at which
commands can be executed by the AOTF RF
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driver, so far this rate is limited to 200 ms per
command. So in the example above, the time
between steps At cannot be less than 200 ms.
The shortest time needed to execute the ramp
would therefore be:

tn =# Steps xt

step,min
’

j“stop - ﬂ’start .

where #steps = is the number of

wavelength steps and t is the fastest rate at

step,min
which the driver is able to execute commands.

So in the example above the fast speed at which
a ramp can be executed is:

_600nm —500nm
1nm

t x 200ms = 20sec

min

Fast AOTF line control

Whenever very fast wavelength switching with
the least amount of jitter/latency is needed, then
the SuperK COMMAND should be used. This
option is based on preloading the driver with up
to 16 wavelengths, and then accessing these
wavelengths directly with control lines (rather
than going through a software protocol)

Preloading wavelengths

Preloading of the wavelengths is done via the
software interface — so this has to be executed
under the same time constraints as mentioned in
the section above. However, once preloaded, it is
possible to access the preloaded wavelengths
rapidly, using the 8 FSK lines or 8 modulation
lines. The method will be outlined below.

Interface box connections

With the SuperK COMMAND it is possible to gain
access to 8 modulation pins, 8 FSK pins and one
blanking line, via the interface box. (See Figure 2)

Modulation pins

The modulation pins allow the user to modulate
each of the 8 available AOTF channels
individually. l.e. it is possible modulate any of the
8 channels with an analog input waveform. The
analog modulation pins can therefore be used to
introduce a carrier wave or for example a square

INE B T : Photonics

..*° the power of light

signal. This can be useful for example for lock-in
detection.

NOTICE: The extinction of the channels when
using the modulation pins is not as good as what
can be achieved using the FSK pins. The
modulation pins are recommended analogue
modulation, while on/off modulation should be
done with the FSK pins.
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66000000

@ @ @ :,/ g

Figure 2: The SuperK COMMAND interface box with 8
connectors for controlling the FSK-pins (Top row), 8
connectors for modulation (Center row), and one BCN
connector for controlling the Blanking functionality (bottom
left). One output with 3.3V and one output with 10 V which
can be varied by tuning the control knob (bottom right).

FSK Pins and Blank pin

The FSK lines together with the blank line allow
fast access to one of four preloaded wavelengths.
For a single channel the wavelength is selected
according to the truth table below:

Blank =0 Blank =1
- Ao A
FSk=0 (Profile 1) (Profile 3)
_ }\1 }\3
FSKk=1 (Profile 2) (Profile 4)

Table 1 : Wavelength selection according to the state of the
FSK pins and the blanking pin. State “0” is 0 Volts, state “1” is
activated by 3.3V or TTL

The FSK pin only affects the individual channel
while the blanking pin affects all channels.

Function/timing generators

In order to use the modulation and FSK pins some
form of waveform generator or timing generator
is needed. A multifunction DAQ card, from for
example National Instruments (www.ni.com) can
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be a very versatile solution. See Figure 3 for one
possible configuration.

Wavelength switching/
interrogation schemes

Various wavelength interrogation schemes can be
used for wavelength interrogation or wavelength
switching - in this application note two general
schemes will be described:

e Wavelength switching - toggling between up
to four wavelengths

e Interrogation of up to 16 wavelengths via the
BLANK and FSK pins

Wavelength switching —single channel

The simplest application of the SuperK
COMMAND is the wavelength switching scheme.
It can be achieved by uploading four wavelengths
for channel 0. Toggling between the four
wavelengths is then done by controlling the FSKO
pin and BLANK pin. (See also Table 1). If only two
wavelengths are needed a single signal can be
used to toggle the FSK pin.

Multi wavelength Interrogation

It is possible to upload up to 16 wavelengths to
the AOTF driver, and access those 16 channels
sequentially, by using the FSK and BLANK pins
according to the truth Table 2.

The first 8 colors are chosen by toggling the FSK
pins from 0-7 (also illustrated in Figure 4), and
the second range of colors are selected by
asserting the BLANK pin and toggling through the
FSK pins again. The channel wavelengths or the
order in which they are selected are completely
user definable.

COMMAND
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Table 2 : Truth table for wavelength interrogation of 16
wavelengths

% ‘Léx_t"ammu" .
skt j .
FeKcha 1 N
b e —————————————
FSK.Ch2 1 ;\
FSK.Ch3 1 :
Fsk.cha [ .
FSK Ch [ -
FSK.Che [ ;
FSK.Ch7 1 i
time N

Figure 4: Timing diagram for 8 color wavelength
interrogation using the only the FSK pins — 8 additional
preloaded channels can be selected by using the BLANK pin
as well.

Toggling speed and Timing

The speed at which the wavelengths can be
changed by the AOTF is limited by the time is
takes for the acoustic beam inside the crystal to
transverse the width of the optical beam. For the
particular configuration used inside the NKT

SuperK SuperkK

RF Driver SELECT

Figure 3: Hardware for enabling multicolor wavelength switching; SuperK SELECT with the COMMAND option enabled and the
SuperK COMMAND interface box. The timing sequencer is provided by a multifunction DAQ card (e.g. from National
Instruments). In this example, the output wavelength is switch between Red and Green.
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Photonics modules, this transition time is in the
order of 10-20 us. If no overlap between two
wavelengths that are interrogated can be
tolerated, than it is necessary to introduce
enough overhead/transition time delay in the
timing of the FSK/modulation pins for the
transition to occur.

NOTICE: Many DA cards (especially the cheaper
ones) are not made for accurate timing, so timing
jitter and latency can be introduced, for example
if the computer is loaded while the card is being
used. To avoid this, use either specially designed
timing generators or DA cards with so-called
correlated DIO.

Amplitude or On/Off modulation

The SuperK COMMAND can also be utilized for
amplitude modulating the signal, for example for
lock-in detection. The advantage of this approach
is that various modulation schemes can be used
and extra equipment, for example a chopper
needed for lock-in detection can be omitted
resulting in simplified optical setup, while
maintaining a fiber coupled path.

The modulation can be achieved either with the
FSK pins, the BLANK pin or the modulation pins.

It is also possible to introduce a carrier wave onto
the analogue modulation pins. For example, it is
possible to introduce different carrier signals to
different channels.

Hardware included

1. SuprK COMMAND interface box

2. 40 pin connection cable between RF Driver
and Interface box

3. Firmware supporting the SuperK COMMAND

4. User interface (GUI) supporting the SuperK
COMMAND

5. Manual / Application note describing the
SuperKk COMMAND functionality

FSK Interface box connections

The electrical interface in order to be able to use
the FSK functionality in the RF driver is shown
below in Figure 5 and 6.
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Figure 5: The SuperK COMMAND interface box with the 40-
pin connection cable.
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Figure 6: The SuperK COMMAND interface box with 8
connectors for controlling the FSK-pins (Top row), 8
connectors for modulation (Center row), and one BCN
connector for controlling the Blanking functionality (bottom
left). One output with 3.3V and one output with 10 V which
can be varied by tuning the control knob (bottom right).

Electrical interface on back panel of the SuperK
EXTREME casing

The SuperK COMMAND interface box should be
connected to the SuperK system on the
connector indicated in Figure 7. In case the
system is running with an external RF driver, it
should be connected as shown in Figure 8.
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Modulation input connector |

Figure 7: Back panel of SuperK EXTREME with the
modulation input connector

] Modulation input connector

Figure 8: Back panel of the external RF driver — with the
modulation input connector

Electrical input Specification for the SuperK
COMMAND using the Modulation-pins

Pin Value Comment

FSK 0-7 0-3.3VORTTL
BLANK 0-3.3VORTTL

MOD 0-7 [0-1 V], [0-5] or [0-10 V] Selectable range

Table 3: Electrical input Specification for the FSK connector
box

Software control — with
SuperKontrol

NOTICE : Before start using the FSK option, we
recommend reading the SuperKontrol manual
and the SuperK SELECT manuals first.

The FSK solution can be fully configured via
SuperKontrol. When the FSK option is available
on a system, it will show as an additional icon in
the SELECT menu, as shown in Figure 9.
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Figure 9: When the FSK option is installed, it can be enabled
and disabled by clicking the FSK icon.

In order to activate the SuperKk COMMAND
option, click the icon (see Figure 9) — the feature
is de-activated by clicking the FSK icon again.
After activation four wavelength profiles become
available for selection. Each wavelength profile
can be accessed clicking the number for the
wavelength profile (see Figure 10).

Profile selection

Figure 10: When the FSK option is enabled, select the
wavelength profiles by clicking the profile selection group
(click the profile number you want to change).

The wavelength profiles are accessed by
activation of the BLANK and FSK pins according to
the truth table (Table 1)

Selecting wavelength using the wavelength
selector or numerical input

Wavelengths can be selected by dragging a
channel “dot” into the wavelength selection
window (see Figure 11).
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Wavelength selection window

Figure 11: Selecting a wavelength for a channel by dragging
the channel “dot” into the wavelength selection window.

Alternatively wavelength can be selected by
clicking the wavelength indicator box, which will
bring up the numerical entry pop-up window (see
Figure 12)

The amplitude of a single channel (for all FSK
states) will be determined by the last selected
amplitude. Hence, if FSK wavelengths and
amplitudes are selected for each FSK profile in a
sequence from 1-4, then the amplitude selected
for profile 4 will be the amplitude for all FSK
states (for the particular channel).

Specific applications of the FSK option together
with SuperKontrol will be illustrated with
examples below.

Wavelength indication box Numerical entry popup

Please type wavelength and

Wavelength

Figure 12: For numerical entry of the wavelength, click the
wavelength indicator box, which brings up the numerical
entry pop-up.

Setting up the modulation lines

When FSK is enabled, a signal has to be applied to
the modulation lines for each of the channels
used. If no signal is available from the setup
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driving the FSK box, then use the 0-10 V output
from the FSK itself.

Setup the modulation gain on the modulation
setting dropdown box, see Figure 13.

Input range for modulation pins

Figure 13: Select the input range for the modulation pins.
When using the 0-10 V output on the FSK box, select the 0-
10 Vinput range.

Example — 2 or 4 wavelength
switching

In this example the driver is prepared for 2 or
four channel toggling:

Preloading wavelengths:

e Enable modulation via FSK icon (see Figure
9)

e Select wavelength profile 1 (see Figure 10)

0 Position the channel 1 “dot” in the
wavelength selection window according
to the wavelength that should be
available when FSK1=0 and BLANK=0
(See Figure 11)

0 Alternatively, press the numerical entry
box for channel 1 and enter the desired
wavelength (see Figure 12)

e Select wavelength profile 2, as for profile 1,
which will be the wavelength selected when
FSK=1 and BLANK =0

If the BLANK pin is not used, because toggling

between two wavelengths is needed, then you

are all set to go.
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Preloading wavelengths for 4 wavelength
interrogation:
In addition to the preloading done in the previous
section, please follow these steps for preloading
the remaing wavelengths for 4 wavelength
interrogation:

e Select wavelength profile 3 (wavelength for
FSK=0 and BLANK=1) and 4 (wavelength for
FSK=1 and BLANK=1).

You are now all set for making 4 wavelength
interrogation. Toggling between the wavelengths
is done according to the truth table shown in
Table 1.
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Example - On/Off modulation

If the FSK option is to be used for fast on/off
modulation, for example in conjunction with lock-
in detection, then do the following:

Enable modulation with the FSK icon (see Figure
9)

For each of the channels used, select their
desired wavelength under wavelength profile 1
For the remaining wavelength profiles do not
select a wavelength — ie. the wavelength
selection “dots” should not be moved into the
wavelength selection window. (when either the
FSK pin or the BLANK pin is asserted, then the
output will be off)

The system is now ready for on/off modulation.
Individual channels can be modulated with their
respective FSK pins or all channels can be
modulated in concert with the BLANK pin.
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