



User Manual 
LightStream Mk II 

Disclaimer 

Some of the pictures are taken from a ready-to-use prototype of the LightStream Mk I, while this 
User Manual is for the Kit version LightStream Mk II; therefore some images are not representative 
of the final product.
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Overview and Features 
The LightStream Mk II is, probably, the most advanced LDR based volume attenuator available on 
the market.


Here is a list of features that makes the LightStream so unique:


Unique UI 


2.8” TFT 24bits graphics colour display with touchscreen

Ir remote

Real motor-assisted potentiometer for volume control 

Intuitive operation


Unique Ir remote capabilities


Input selection

Volume

On/Off

Mute on/off

Pairing and unpairing 


Unique LDR management


16 bits PWM drivers (65536 steps of resolution)

Load settings from 5 KΩ to 60 KΩ with steps of  5KΩ

Full calibration of all 4 LDRs individually

101 steps volume settings.

Attenuation from -70 dB to -0.1 dB (approximate)


Unique comfort features


Soft start/stop volume 

Channel balance fine-tuning

Upgradable firmware

Log volume 

Analogue clock

Personalisation of icons an graphics 


I/O


4 stereo channels relay operated

1 stereo output

2 digital output for control external devices


Other


Audio ground lift

Power supply 5v via external regulator or 7-18V via internal regulator

Configurable ad a stand-alone attenuator or to be integrated into an active amplifier project

Kit available in 3 different configurations
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In-depth features’ description 
The large 2.8” TFT 24 bits colour display allows us to see at a glance and from a distance the 
LightStream’s status and operation. All the icons and the main graphics (welcome screen, large 
messages and icons and many other) can be personalised. The 24 bits colour graphics files are 
stored in an SD card and. Following simple instructions, the graphic can be changed to fit the 
taste and needs of the user.


Operations like input selection, balance, clock setting, on/off can be activated via touchscreen 
with no need of external selectors and switches.


The volume control is unique in this category, instead of a rotary encoder we employ a motorised 
potentiometer. A buttery smooth motor assisted pot, instead of a flimsy encoder, gives the user a 
better experience when changing the volume.


Most of the functions are accessible via Ir remote control. The remote is a stylish Apple 2nd 
generation unit, original in aluminium or plastic aftermarket, and can be paired if you have other 
Apple devices to avoid interferences.


A convenient Mute function is also available via remote.


A soft volume function is activated when the unit is switched on or off, an input channel is 
chosen, or the mute/unmute is activated. The volume goes down or up, to or from maximum 
attenuation, to avoid abrupt volume changes and eliminate DC noises that can arise from relay 
switching.

The volume is programmed in a way to simulate the semi-log behaviour of logarithmic 
potentiometers, following the natural way the human ear reacts to sound levels.


The volume is programmed in 101 steps, from attenuation of about -70 dB to a minimum 
attenuation of -0.1 dB (values are approximate and may vary slightly depending on LDR 
calibration). The lowest step, attenuation 101, attenuate -70 dB while the step 100 the attenuation 
is of -55 dB and then each step the attenuation is around 0.5 dB per step, this allows having a 
volume control that changes smoothly without any noticeable step.


A fine-tuning balance function is incorporated to adjust the stereo image to the listening room, 
the balance can be adjusted within +- 3dB at 1 dB steps for left and right channel.


Complimentary quartz controlled analogue clock is displayed on the screen during normal 
operation.


The LDRs need to be calibrated due to the intrinsic wide tolerance. To achieve maximum 
consistency and precision, we opted for a 16 bits PWM control for each of the 4 LDRs, instead 
of 8 bits control of many competitors. This control gives us 65536 steps of control instead of 256, 
a significant difference indeed.


The 4 LDRs, 2 for each channel in resistor+shunt configuration, are calibrated individually 
matching either the 2 channels and the resistor+shunt combo in the single channel, this allows to 
have greater consistency within all the attenuation range.

The calibration can be carried out by the user at any time. During the calibration, the user must 
choose the load that the whole system present as an impedance bridging device, it ranges from 
5 KΩ to 60 KΩ with steps of 5 KΩ.


The LightStream Mk II can be assembled as a stand-alone configuration (a great LDR attenuator 
and input control) or incorporated in an active, solid state or tube, amplifier. Two digital pins are 
available to control the external power supply via relay units, so you can switch on and off the 
entire unit, or external devices, using the function on the touchscreen or the Ir remote.

The unit can be powered with a regulated +5V or unregulated voltage ranging between 7 and 18V, 
no multiple voltages required.
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The audio ground is kept separated from the digital and chassis ground, in the most application 
the 2 grounds must be connected, a single connection point is provided with the possibility to 
add a ground lift switch.


Four stereo inputs are available, each controlled by high-quality Japanese made relays.
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Powering up the ‘lightStream’ for the first time. 

FOREWORD 

The LightStream is a passive attenuator driven by LDRs.

LDRs have proven themselves to be a great sounding little device, often superior to the most 
acclaimed, and hugely expensive, TVC (Transformer Volume Controls); however some caveats 
make the LDRs challenging to be applied to a Hi-Fi system. LDRs suffer from huge tolerance in 
the production line, the coupling of a LED with a CdR photoresistor bring to differences that might 
reach 30-35% between exemplars of the same batch, hence the need to have the system 
calibrated.

Simplifying to the maximum extent an LDR based attenuator looks like this:


We have 2 LDRs for each channel in a voltage divider configuration, the same as in a 
potentiometer. To maintain consistency between the channels and constant output voltage throw 
the voltage dividers, we need to have all 4 LDRs calibrated within 1-2% of tolerance. Find a quad 
of LDRs within that tolerance is almost impossible even selecting hundreds of LDRs within the 
same production batch.

The solution we found at The Vinyl Source is to drive the LDRs with an MCU (Micro Controller 
Unit) that supply the amount of voltage to each unit upon the data collected during a calibration 
process.

We won’t annoy you with the technicality and professional jargon; this introduction is needed to 
understand why the calibration process is so essential if you are keen to deepen the matter you 
can visit our website where you’ll find more a more in-depth discussion.
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THE CALIBRATION PROCESS 

Step 1) The first time you power up a 
‘LightStream’ you are welcomed with this 
message:


The ‘LightStream’ cannot work if the system isn’t calibrated, the process can take a few hours 
and doesn’t need the presence of an operator. 

The calibration process can be repeated at any time; please follow the instruction of page 11.





Step 2) If you don’t want to proceed 
with the calibration right now, then 
power off the LightStream (for ‘Power 
Off’ we mean unplug it from the main of 
the switch the main off if the unit has a 
main switch), otherwise touch the 
screen on the ‘CONFIRM’ button. We 
suggest to unplug the input/output 
cables because some DC current leak 
might occur during the calibration 
process.
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Step 3) Time now to select the load 
the system will present to the source 
and the destination. If you are not 
acquainted with ‘impedance 
bridging’, please read the section 
‘Impedance Bridging and the 
LightStream’ at page 10.

The LightStream support a load that 
goes from 5KΩ to 60KΩ in steps of 
5KΩ. Touch the buttons  ‘Decrease’ 
or ‘Increase’ until the desired value is 
displayed. When sure touch the 
button ‘Confirm’.





Step 4) A last warning message is 
displayed, you have still some time 
to power off the LightStream, of 
course is you don’t want go ahead 
with the calibration.


We must make a few considerations about the calibration process and the load (impedance 
bridging). The nominal load is the total resistance of the voltage divider installed in one channel, 
like the nominal resistance of a potentiometer, for the technical savvy R1 + R2 (resistance + 
shunt); however, a low value of total resistance will lead to a poor maximum attenuation of the 
system. Taking into consideration that we are limited to a minimum shunt of 100Ω or thereabout, 
to achieve an attenuation of 55 dB, we need a value of R1 of about 60KΩ. If we choose a load of 
10KΩ, then the maximum attenuation will be only 40 dB, worse if we choose 5KΩ with an 
attenuation of only 34 dB, too low in many application, especially if you have one of the sources 
with high output.  For overcoming this problem, we choose to have a non-constant load at the 
higher attenuations. Our volume mapping consists of 101 steps; the ‘0’ step is a nearly infinite 
resistor for mute functions, the early steps start with a load of 60KΩ and then step down with 5KΩ 
steps until the chosen load is reached. For example, if you choose a load of 30KΩ then step 1 will 
be 60KΩ, the step 2 55KΩ, step 3 50KΩ, till step 6 @ 35KΩ, from step 7 we will have a constant 
load of 30KΩ till step 100.

Eventually detrimental effects on the sound’s quality due by impedance mismatching will be 
unnoticeable at such low listening levels.
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During the calibration process, the user is kept informed about the process. Please take a second 
to get acquainted with the information screen.


The first row shows the cycle (or volume step from 1 to 100) being processed, the second row the 
calculated value for R1 (the first resistor of the voltage divider). This value is calculated on the 
base of an algorithm that simulates the voltage output of an audio log potentiometer; the 
LightStream use this value as a reference only because the target is to reach the same voltage 
output given by the R1 + R2 voltage divider, and this for both channels.

The third row shows the 2 columns for left and right channel.


The information from line 4 and beyond are updated sequentially in the following order: Right R1, 
Right R2, Left R1, Left R2.


Cycle: the elaborated cycle

PWM R1: is the PWM value (duty cycle) applied to obtain the R1 value below (PWM is in the range 
between 1 and 65535)

R1: the resistive value of R1

PWM R2: is the PWM value (duty cycle) applied to obtain the R2 value below 

R2: the resistive value of R2 (shunt)

Load: the load (R1+R2)




The significant differences in duty cycles (PWM) at 
the same values of R1 and R2 for the 2 channels at 
the same cycle show how wide the tolerances are 
between LDRs.

In the screenshot at the side we see how for similar 
resistance values the PWMs vary widely between 
the 4 LDRs (R1 and R2 for left and right channel, in 
this case R1 Left has more than 100% tolerance in 
relation of R2 Right; anyway the ‘LightStream’ 
copes very well even in such extreme cases):


© 2019 The Vinyl Source Ltd - all rights reserved - rev. 1.0	 Page �  of �8 18



The calibration process can last several hours, it depends on many factors, but the time should be 
between 4 to 6 hours.


WARNING 
If at the beginning of the calibration process the values R1 or R2 show ‘0’ or ‘inf’ means that the 
circuit is not working correctly. The cause can be: 

Mosfet drivers fault (or not correctly soldered if this is the first calibration)

LDR fault.

One or more calibration relays not working correctly (rel5 - rel8 on the I/O board)

Investigate the fault and correct.


At the end of of the calibration the 
following message appear:


Follow the instruction and restart the LightStream.
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Impedance Bridging 

In the previous chapter, we approached the concept of the load. Since the LightStream is a 
passive attenuator it hasn’t an impedance of its own, it is a resistive load instead put between 
your sources and the destination, like in the drawing below... 


The general rule state that the source impedance should be at least 1/10 of the destination load 
for function correctly, this is ‘Impedance Bridging’. 

The first thing we must have right is the Source impedance and the Load destination. There is a 
wide variety of these parameters, depending on the kind of circuitry. For instance, in a solid state 
source the impedance is around 600Ω, while often this value can rise to 3-4KΩ in tube sources, to 
complicate all this are coupling capacitors that might be employed in the circuitry. Coupling 
capacitors have an impedance that is variable with the frequency.

On the other hand, we have the destination load, in solid state power amps this should be around 
15KΩ but can be as high as 1MΩ in some tube power amplifiers.

To complicate matters, even more, is the fact that we have multiple sources connected that might 
have very different impedances.


A PRACTICAL APPROACH 

The LightStream can set the load, during the calibration process, between 5 to 60KΩ at 5KΩ 
steps.

We suggest to start with a calibration @ 20KΩ load and proceed with a listening test of all the 
sources. if the sound is dull and/or the volume too low that’s the sign that the load is not correct, 
can be either to high or too low. Recalibrate increasing of 10KΩ (if the destination is a tube) or 
decreasing of 10KΩ (if the destination is a solid state) the value and test again.


When you find a value that satisfy your listening then you can either stop searching or fine tune 
your unit. If you wish to fine tune without go throw the calibration process again, in case the 
previous setting was more satisfying, then you can remove the SD card and copy the calibration 
files on your computer, in case you need to come back to the previous setting then you just need 
to copy back the files. The files are named:  VOLUMEL.CSV, VOLUMER.CSV, SHUNTL.CSV and 
SHUNTR.CSV.


The approach might look not very scientific, but the great variety of gear parameters don’t allow 
to give a simple rule for setting the load without full specs of all devices and some complicated 
formulas, and even so practical approaches often defy the tech specifications given by the 
producers.
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Operating the LightStream. 

A BRIEF NOTE ABOUT THE TOUCHSCREEN 

The LightStream employ a 2.8” resistive touchscreen, this means that you cannot expect the 
functionality of the capacitive touchscreen of your phone and, besides, there is no need to have 
an advanced, and expensive, screen with gesture functions. The LightStream is programmed to 
ignore false signals from the touchscreen; therefore a very light touch won’t be recorded, on the 
other hand, it ignores high pressure to discourage behaviours that can damage the screen, 
therefore if you squeeze too strongly also you will be ignored. Please use a firm, but gentle touch 
and the LightStream will obey your commands. Sometimes the button on the screen is small 
(used rarely and only for setups), if you have big fingers it might be a problem to operate them, 
please use the supplied plastic pen instead of your fingers.


A BRIEF NOTE ABOUT THE IR REMOTE 

All the day-by-day functions of the LightStream can be accessed via Ir remote control. You can 
use any Apple 2nd generation remote or compatible. The LightStream accept commands only 
when the analogue clock or the volume bar are displayed, an exemption to this is the mute state 
that will accept an unmute command only.


POWER ON YOUR UNIT 

The LightStream is built to be continuously powered, it has a sleep mode, but is always 
operational. However when you first power the unit up, connecting the power supply or via a 
power switch, it offers the possibility to re-calibrate the LDRs. What you see on the screen is the 
same when you turn your unit from sleep mode to fully operational; therefore refer to the next 
chapter of this manual.


Recalibrate the LDR during power-
up. 

Re-calibration is a stealth function; 
this means that no option is displayed, 
to access this function you have to 
touch the screen (roughly in the 
centre) while the welcome screen is 
displaying, you can start to touch the 
screen while the welcome message if 
building up.


If you did that correctly, then the screen of the “step 2’ of the chapter ‘The Calibration Process’ 
appears, follow the instruction from the point. If your touch is not recognised, then the 
LightStream will continue to normal operation (input selection), power off the unit and repeat.
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ENTERING IN OPERATIVE MODE 

When you first power-up the unit or exit from sleep mode you are greeted with the following 
messages.


If you connected to pin 22 or pin 24 an 
external device and the DELAY.CNF file 
contains a delay instruction this message 
appears. The number of seconds to count-
down depends on the delay specified in the 
configuration file.  During the delay, the 
external unit is activated and, in the case of 
tube amplifiers, warmed-up.





Then the welcome screen is displayed





After the welcome screen you are informed 
about the input selected, the LightStream 
select automatically the last source used.
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After displaying the selected source you are 
briefly informed about the volume level





When you see the screen with the analogue 
clock your unit is operative and ready to 
accept commands. We name this status 
“Ready Mode” from now on




SETTING YOUR CLOCK 

Your LightStream is equipped with a DS1302 
quartz controlled clock with back-up battery, 
you need to setup the clock the first time 
and then whenever the time change 
(summer/winter time).

To enter in setup mode touch the face of the 
clock.

The following screen appear.
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The screen displays the actual time, touch the ‘-‘ and ‘+’ buttons to decrease or increase Hours, 
Minutes and Seconds, the changed will appear on display. When you have the correct time touch 
the ‘Done’ button.

The buttons are relatively small; we suggest to touch the buttons with a non-sharp pointing 
device, the touchscreen should come with its plastic pen for the purpose.

The sensitive point of the buttons might be not exactly in the centre but just beneath.

N.B. The icon buttons at the bottom of the screen and the Ir remote are disabled in this mode.


BALANCING THE SOUND 

The LightStream can fine tune the left-right balance to compensate for little imperfection on the 
system or the listening room.

The correction is of 3dB towards left or right channel at 1dB steps. To activate the balancing you 

need to touch the button while in Ready Mode


The screen displays the actual setting, touch 
the ‘Left‘ and ‘Right’ buttons to move the 
balance toward the left or right channel. 
Check if the sound image is now of your 
pleasing and then touch the ‘Done’ button.

The buttons are relatively small; we suggest 
to touch the buttons with a non-sharp 
pointing device, the touchscreen should 
come with its plastic pen for the purpose.

The sensitive point of the buttons might be 
not exactly in the centre but just beneath.

N.B. The icon buttons at the bottom of the 
screen and the Ir remote is disabled in this 
mode.


USING THE IR REMOTE 

The LightStream can work with any Apple 2nd generation remote (the aluminium one), either 
genuine Apple or compatible. With the remote, you can command Volume up/down (require 
motorised potentiometer), Previous/Next source selection, Mute on/off, Unit on/off (sleep mode).

Just point your Apple remote in the direction of the LightStream and press the desired function. In 
the next page, you can see a scheme of the button used and their functions.


If in your environment are installed other Apple devices it's advisable to pair your remote to avoid 
interferences from and to other Apple devices.
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Pairing your remote 

Unplug all other Apple devices in the room, then point 
your remote to the LightStream and press 
simultaneously the ‘Menu’ and ‘Next input’ buttons 
for at least 6 seconds, this message will briefly 
appear:

The pairing/unpairing is active “Ready mode” and 
“Sleep mode”.

Now you can reconnect all other Apple devices





If you need to unpair your remote or pair another 
remote instead (in case your original remote became 
unavailable) follow this procedure:

Repeat the same steps of the previous chapter 
(pairing), this time the following message will appear:

Your LightStream is unpaired, to pair now with your 
new remote follow the pairing procedure.


© 2019 The Vinyl Source Ltd - all rights reserved - rev. 1.0	 Page �  of �15 18



SELECTING THE SOURCE 

In “Ready mode” touch the icon representing the 
source you want to select, the currently selected 
source is represented by a green icon. Alternatively, 
you can pan between sources with “Previous” or 
“Next” input button on your remote (see page 15). In 
both cases, the following screen will inform you 
about the chosen source.

Of course, the image will match the icon of the 
selected source.





ADJUSTING THE VOLUME 

To adjust the listening volume, you can operate on 
the volume knob or use your Ir remote (if you have a 
motorised potentiometer) pressing the buttons 
Volume up/down on the remote (see page 15). 
Briefly, you are informed about the volume level with 
this graphic bar. The thin red bar represent the 
whole volume bar while the fat green bar is the 
actual volume level.





MUTE/UNMUTE 

The Ir remote offer a very convenient mute function, 
regardless that you have a motorised potentiometer 
or not, just press the Mute on/off button on your 
remote (page 15) and this screen will appear

In this state only the Unmute function on the remote 
will work, the icons are disabled.
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To unmute press the Mute on/off button again, 
this screen will briefly inform you of the restore to 
normal functionality and then the unit will be back 
in “Ready mode”


ON/OFF - SLEEP MODE 

The LightStream is never completely switched off, when we use the on/off button or we off with 
the Ir remote, the LightStream cut off the source, put the LDRs in off state, dim the screen and 
wait for the next command. The power consumption is so low that doesn’t make sense the hassle 
to switch it off. In sleep mode the used current is only 0.2 A and 0.3A when operational.

To put the LightStream in sleep mode you must touch this button





Or press the On/Off button on the remote (see 
page 15)


The sleep mode screen appears


To resume the “Ready mode” just touch the 
screen or press the On/Off button on the remote.
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Conclusion 

With the help of this simple tutorial you should be able to use your LightStream at its best.

You can also visit our website @ https://www.thevinylsource.co.uk or our dedicated facebook 
page @ https://www.facebook.com/The-LigthStream-The-most-advanced-LDR-based-Hi-Fi-
Attenuator-329808007872104/ for more informations and share opinions with the community.


Suggestions are always welcome.


 


This material is property of The Vinyl Source Ltd - 71-75 Shelton Street, London, Greater London, 
WC2H 9JQ, United Kingdom - Registered in United Kingdom, Number 11307440


The Vinyl Source is a trade mark of The Vinyl Source Ltd registered in United Kingdom under the 
Trade Mark No UK00003313197
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