GOLT !
RED LIGHT DISTRICT

Build Manual V2.1
Applies to Rev 2.5 PCB’s
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What you will get
RLD Bare Bones Kit Contents
RLD Panel x 1
Panel Board x 1
Main Board x 1
40-pin Processor x 2
28-pin Processor x 1
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RLD Partial Kit Contents
Switch ON-OFF-ON x 46

8 Position Switch x 1

M3 Screws 12mm x 6

Switch ON-ON x 7

10 Pin IDC Socket x 1

M3 Screws 6mm x 12

Switch (ON)-OFF-(ON) x 1

3 Pin R/A Header x 4

M3 Standoffs x 6, Nuts x 6

1KB Single Pot x 12

3 Pin Plug x 3

RLD Panel x 1

10KB Dual Pot x 12

40 Pin SIP x 3

Panel Board x 1

10KB Single Pot x 12

10 Pin SIS x 3

Main Board x 1

50KB Single Pot x 1

16 Pin SIS x 5

40-pin Processor x 2

500KA Single Pot x 2

Mono Jack x 20

28-pin Processor x 1
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Main Board - Part 1
Start with the 100K resistors. This is the most common resistor value on the board. Doing the most
common resistors first makes it much easier to find the less common ones later, because there will
be hardly any spaces left to fill.
There are 28:
R12, R14, R16, R18, R19, R20, R21, R22, R24, R25, R26, R29, R32, R33, R34, R37, R38, R39,
R40, R41, R42, R44, R45, R47, R51, R52, R54, R63.
When you are finished with them the board should look like this:

Next is 4K7. There are 19:
R1, R15, R23, R27, R46, R53, R55, R56, R57, R58, R59, R60, R62, R64, R65, R66, R67, R68,
R69.
Your board should now look like this:
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Next is 10K. There are 10:
R13, R30, R35, R36, R43, R48, R49, R74, R76, R78.
Your board should now look like this:

Next is 220R. These are output current limiting resistors, do not substitute.
There are 8:
R3, R4, R7, R8, R10, R11, R28, R31.
Your board should now look like this:
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(We are working in the middle of the board on this page.)
Next is 22K. There are 3:
R75, R77, R79.
Your board should now look like this:

Next is 330K. These resistors assist the internal pull down resistors on the NPN inputs of the
LM1458 op-amps. They effect the slew rate of the CV sequencer. If you use an op-amp with J-FET
inputs (like TL072) instead of the LM1458, the input impedance of the op-amp will be different and
these resistor values would be invalid. They are matched to the op-amp, keep it that way.
There are 2:
R50 and R61.
Your board should now look like this:
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(We are working on the right side of the board on this page.)
Next is a pair of different values, 820R and 1K. These are super important. They form part of the
circuit that controls the speed range and duty cycle of the internal clock. They must be 1% and
never substituted. Otherwise the timing sequencer may stall at either end of the pot that controls
the internal clock speed.
R2 is 820R
R5 is 1K
Do not mix them up.

Next let’s finish the diode and resistors in the MIDI IN circuit.
D1 is 1N4148
Make sure the band on the diode is on the same side as the band on the PCB.
R6 is 200R
R9 is 470R
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(We are working on the left side of the board on this page.)
Next is 10R. These are like really slow acting fuses. If the power to the module is reversed they
should give you enough time to figure out you’ve done something bad.
There are 2: R70, R71.
At the same time do the two 1N4004 diodes, they complete the reverse voltage protection circuit.
There are 2: D2, D3.

Next finish off the diodes. Make sure the band on the diode is on the same side as on the PCB.
There should be three 1N4004 diodes left: D4, D5, D6
There should be one 1N4148 left: D7
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Only three resistors left.
R17 is at the top of the board, it’s 1M.
The other two are paired, and together set the output voltage of the CV sequencer.
Firstly do R73, it must be 240R 1%. Do not substitute. If you change this value your voltage setting
from the following table will be incorrect.
Then choose your value for R72:
R72 Value

Gate Out Voltage 1

1K7

9.25V

The maximum possible gate voltage produced by this sequencer

1K6

8.8V

Default for all modules and vintage synths

1K5

8.3V

Another option if you don’t have a 1K6 resistor

1K3

7.2V

Still good for most things

1K2

6.7V

Getting a bit low for some vintage stuff

1K1

6.2V

Recommended minimum 2

1K0

5.7V

910R

5.2V

Comments

Digital madness

1. Also effects the upper limit of the CV pots. The pots are voltage dividers that sit across the
gate voltage.
2. Most digital sequencers will send even lower outputs than this (5V for example) but they may
not trigger all modules and synths.
Your board should now look like this. Check carefully to see if you have missed any resistors.
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Next up - IC Sockets.
I mostly use the cheap ones because the machined ones are so expensive. Either will work.
There 21 sockets:
8 Pin - IC1, IC13, IC15, OPTO
14 Pin - IC2, IC3, IC4, IC5, IC6, IC7, IC8, IC9, IC10, IC11, IC12, IC17
16 Pin - IC14, IC16
28 Pin - CPU-1
40 Pin - CPU-2, CPU-3
For the 28-pin socket you can also use a 20 + 8 or 14 + 14. Be careful when ordering a full 28-pin
socket, the standard width is the same as the 40 pin sockets (15.24mm) but that is too wide. You
need the narrow (7.36mm) version. The RLD BOM has the part number for the 28-pin socket with
7.36mm spacing so if you use the BOM you’ll be OK. If not, be aware the this socket usually
comes in 15.24mm spacing which will not fit.

Time for the regulators LM317 and LM7805. You must put these in the correct positions. It is a
good idea to the lift the top end of the 7805 off the PCB by about 5mm. This helps it cool.
Also, I deliberately mis-align the hole in the PCB with the hole in the regulator tab. This allows you
to place a probe through the hole and measure the voltage later. The back of the 7805 is
connected to GND, the back of the LM317 is the variable voltage set by R72. The voltage will be
about 0.6V higher than the voltages in the R72 table on page 9.
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And now for capacitors - but only the small ones, starting with 100nF. These can be Ceramic
although I usually use MKT or MKS (Polyester).
C3, C5 and C13 are really important. They are the local power storage for the processors. Chips
like these use power in large bursts each time the clock changes. This causes two effects: they
introduce a lot of noise on the 5V rail, and they can starve themselves of power between clock
cycles. The capacitors filter out the noise and provide a small reservoir of power very close to the
chip. If you forget one of these caps the nearest processor may stall.
100nF caps are usually labelled “104”.
There are 10: C3, C5, C7, C9, C13, C17, C18, C19, C23, C24.

And then 10nF. They are usually labelled “103”.
There are 3: C2, C6, C8
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And now the Resonators! These are really cool. They are a small resonating crystal with two builtin start-up capacitors in a signal package. They have a much smaller footprint compared to a
regulator crystal and two capacitors. The package type is ZZT and the value is 16MHz for all three
resonators.
Note: The processors have an internal 4 x Phase Locked Loop so they are actually running at
64MHz (4 x 16MHz). Do not use any other value than 16MHz for the resonator. The firmware is
calibrated for this value only.
There are 3: ZZT-1, ZZT-2, ZZT-3. They are directly above the three processors.

That’s it for the Main Board for now. The board connectors should be done next but we need to get
the Panel Board to the same stage first. Once that’s done we can set the position of the board
connectors and then finish off. If we leave the connectors until last, too many components get in
the way and soldering them become more difficult than it needs to be.
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The Panel Board
There is only one way to start building the Panel Board. Diodes. Lots of diodes.
Use 1N4148 for all unlabelled diodes. Any small signal diode will work here but these seem to be
the cheapest and most popular.
First is 1N4741: D98
Then finish off with 1N4148: D1 to D105
The best way to do this is one row at a time. In each row the diodes are orientated the same way.
Be careful when changing rows. In each row the diode orientation is reversed. So in the first row all
diodes face down, in the second row all diodes face up, in the third row all diodes face down…

Some diodes aren’t exactly in line with the row, like D2 and D48 in row 2. So be careful not to
mistake them from being in another row. Check orientation carefully before soldering.
Once you have finished with the small signal diodes, double check that each one is in correctly.
Once the switches and pots go in it will be much more difficult to correct a mistake.
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Next are the resistors.
Start with 4K7. There are 10:
R49, R50, R54, R55, R57, R67, R68, R69, R70, R71.

Next is 300R. There are 7:
R44, R45, R46, R47, R58, R60, R61.
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Next is 1K. There are 9:
R10, R11, R15, R51, R52, R62, R63, R64, R65.

Next is 220R. There are 6:
R72, R73, R74, R75, R76, R77.
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Next is 200R. There are 3:
R4, R5, R6.

And finally the single resistors:
R25 is 470R
R56 is 1M
R66 is 680R
R78 is 100K

Excellent! All the small stuff is done.
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Next are the pin header strips!
It’s best to cut these yourself from long ones. The partial kit contains three 40 pin strips. Out of that
you need to make the following:
- 16-pin x 3
- 12-pin x 2
- 10-pin x 3

One at a time solder the pin strips onto the board. They must be inserted from underneath (on the
opposite side of the board to the resistors) and they must be perfectly straight. The short side of
the pin strip goes into the holes. The long side sticks up. The easiest way to get them straight is to
push them flat against the board and solder the middle pin only. Remember you are now soldering
on the top of the board, the same side as where the resistors are. Then check each row from all
angles and correct the position by remelting the solder on that single pin while straightening the
entire row.

When every row is perfectly straight you can go ahead and solder the other pins in. Afterwards
check EVERY pin row again to make sure you haven’t forgotten one. You are more likely to forget
an entire row than a single pin. Check each row.
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Next screw-in the 12mm Nylon standoff’s. Use 6 of the M3 x 6mm screws.

Main board join
It is important to join the boards now before the tallest components are installed.
DO NOT SOLDER THE PIN SOCKETS STRAIGHT ONTO THE MAIN BOARD. They must be
aligned with the pin strips on the Panel Board or the two boards will never join. Follow the
procedure below.
Two of the five 16-pin Single Inline Socket strips need to be cut down to 12 pins. Don’t cut between
the 12th and 13th pin! Cut directly over the 13th pin. This is important. If you cut the barrier
between the 12th and 13th pin the 12th pin will fall out. I have done this by accident many times. To
be safe cut directly though the 13th pin so it is the one that falls out.
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The easiest way to align the header sockets with the pins, is to take the sockets and place them
directly on the pin strips on the Panel Board. Make sure every pin is in a socket (no misalignment)
and push them on as far as they can go.

Then take the Main Board and place it onto the Panel Board. To do a basic alignment, look through
the screw holes in the Main Board and align the holes with the white standoffs on the Panel Board.
Look for the pins on the header sockets and make sure they poke through the holes in the Main
Board. Then put the last six M3 x 6mm screws in.
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Then solder in all the header sockets. There are eight rows of sockets! Don’t forget any!

Once finished soldering, remove the six screws and separate the boards. The sockets will now all
be in place and aligned properly.
Let’s continue with the Panel Board and finish it off.
Flip the board back over, and place all the switches, pots and jacks onto the top of the board. Do
not include the washers or any nuts. See next page for designations.
Do not put ANY of the LED’s in yet.

Be hugely careful not to mix up the ON-ON switches with the ON-OFF-ON switches. The ON-ON
only have two shaft positions, the ON-OFF-ON have three. There is also a single switch that is a
third type called (ON)-OFF-(ON). It has three positions but the shaft will always spring back to the
middle position.
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Here is a list of the Switch and Pot types and their positions:

Switches
ON-OFF-ON, there are 46: S1 to S44, S49, S51.
ON-ON, there are 7: S45, S46, S47, S48, S52, S53, S54
(ON)-OFF-(ON), there is 1: S50

Potentiometers
First Row Dual Gang 10KB, there are 12: R7-R9, R19-R21, R29-R31, R38-R40.
Second Row Song Huei Single Gang 1KB, there are 12: R1-R3, R16-18, R26-28, R35-37.
Third Row Alpha Single Gang 10KB, there are 12: R12-14, R22-R24, R32-R34, R41-R43.
Song Huei Single Gang 500KA, there are 2: R48, R53.
Song Huei Single Gang 50KB (included in kit) or 100KC (preferred, hard to find), there is 1: R59.

The jacks are all the same: Thonkiconn.

DO NOT SOLDER ANY OF THE POTS, SWITCHES OR JACKS IN YET. They must be first
aligned to the panel so they fit through the holes, and then have the nuts screwed on to make sure
they are even with the panel. When they’re screwed to the panel the shortest ones will lift out of the
circuit board a little, so you don’t want to solder them in until they are fully attached to the panel.
And so we commence the hard bit.
Place the panel on top of the pots and switches, left side first. While wiggling the shafts of the
switches and pots until all the screw threads poke through the holes in the panel. It’s easiest to
start lowering the left-hand side first and slowly lower the right-hand side as you work the switches
and pots through the holes from left to right.

Once you get the right-hand side of the panel low enough, the jacks will start to poke through the
holes. Moving the jacks into the holes can take some time. Take a small screwdriver and insert it
into each jack one at a time, to position each one in the middle of the panel hole. Be patient. Take
breaks if you need to. Eventually you will get all the switches, pots and jacks through the panel
holes.
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Once this is done, hold the panel and circuit board at each end, and push them together to make
sure they are as close as possible and parallel to each other. Make sure that one side is not higher
than the other. Do not lift it too far off the bench; if it all falls apart you will have to start again.

Then put the nuts on ALL the switches and gently tighten them with an 8mm socket, just until the
nut stops rotating. Do not use a spanner (wrench) under any circumstances! Spanners will scratch
the panel.
Finger tighten the nuts on the pots. Don’t do them too tight or the pot will start to lift out of the
circuit board. And don’t put any nuts on the jacks yet.
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Believe it or not, but tightening the switches and pots does hold the panel to the PCB even though
they are not soldered yet. This makes the next step, “the flip”, easier.
Hold the panel assembly at each end (ie. use both hands) and while holding the panel and board
together, flip the whole thing over so you are looking at the circuit board again. Make sure the PCB
is still firmly pressed against the pots and switches, then solder them all on. Don’t solder any jacks
yet. Just the pots and switches.

Next push all the legs of the jacks though the panel board until ALL the jacks bottom out against
the panel. Once you have done this the legs of the jacks will only just poke through the PCB.

You can solder the jacks in now.
Once you think you are finished soldering, take a long break. When you come back, cast an eye
over the PCB and find any pins that you missed soldering the first time. This is really important.
There is so much to solder that it’s easy to miss something.
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Next, unscrew all the pots and switches and remove the panel. Practice putting the panel over the
pots and switches a few times. Off / on / off / on. The more you do it the better it will fit. It needs to
slide back on as easily as possible because the next step can be a bit awkward. You will need to
get the panel back on quickly.
With the circuit board and panel separated, it’s a good time to put the MIDI Sockets on the panel.
Use the six Nylon M3 screws and nuts. The Nylon screws won’t scratch the panel.

And finally it’s time to put the LED’s in.
For LED1 to LED12 the long leg goes towards the left (towards to step 1). For LED13 to LED44 the
long leg goes towards the bottom.
3mm Standard Red LED (package type T-1, with flange) 4-8 mcd. There are 44: LED1 to LED44.
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Pause and read the next section fully to the end first - before doing it.
There isn’t an easy way to do this (if you come up with something better let me know).
1. Once the LED’s are all in place lift the board up off the bench so the LED’s slide through the
board and the tops rest on the PCB. The legs will be dangling underneath the board now and
they are very easy to bend if you touch them on something.
2. Keep the board at approximately 45 degrees so the heads of LEDs stay resting against the
PCB. If you lift the board up vertically the LEDs will start to slide back out. If this happens they
could bend when the panel is placed back on (bad).

3. Rest the lower right-hand side on the board on your knee. Keep the board at a 45 degree angle
so the LEDs don’t fall out.
4. With your spare hand, grab the panel and place it back over the switches and pots.
5. Now with both hands push the panel and the PCB together around all edges.
6. Once the panel is on you can now carefully rest it on the bench while holding the two together.
Notice how the LED legs are still all sticking out of the PCB.
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7. Put as many nuts back on as you can. I usually do about every fourth or fifth nut.

8. Tighten those nuts gently with the socket again. The panel needs to be in the correct position
and flat. The Panel and PCB are now attached.
9. Now flip the whole thing over so you are looking at the back of the PCB again. The LEDs will
slide back through the PCB and hit the panel.

Page 26 of 39

10. Grab the legs of the LED’s and position them into the holes on the front panel. If the LED’s are
pushed all the way through until their flange hits the panel they will all be the same height.
11. If you are happy with the height of the LED’s it’s time to solder them all in and cut off the legs.

Next is the mode switch. Cut the shaft 10mm from the end of the thread.

And cut off the alignment pin with pliers.
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Remove the set washer and rotate the shaft fully anti-clockwise. Put the set washer back in place
and put the tab in position 8. Position 8 should be directly after the last letter A in the word ALPHA.

Put the star washer back onto the pot shaft so it sits on top of the set washer. Then mount the pot
on the panel. It’s best to have the panel facing up and bring the pot up from underneath. This way
the washers stay in place. Orient the pot so the tab on the shaft faces directly away from the FWD
position and gently tighten the nut with a socket. Check that the shaft turns through all 8 positions
and stops at LAST.
Connect the switch to the PCB by using some of the old legs that were cut off the resistors after
you soldered them in.
The connections on the PCB are labelled with the same number as the pin on the switch. Pin 1 on
the switch should line up with SW1 on the PCB. If not, the switch is orientated wrong.
COMMON should be connected to the middle pin of the switch with solid core insulated wire.
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The panel PCB is now finished.

Turn the panel over and finish installing all nuts. The knobs can be installed now too.

You’ve completed a Panel! (Minus the Din Socket wiring)

Now to finish off the Main Board…
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Main Board - Part 2
Next the transistors. It’s a good idea to quickly test each one before putting them in the circuit (any
multimeter that measures hFE will do fine).
BC558 transistors.
There are 14: Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, Q10, Q11, Q12, Q13, Q14.

Next is 1uF MKT or MKS (Polyester). These are used in the sample and hold circuits for CV1 and
CV2. Ideally we should use MKP (Polypropylene) here because they have the least amount of
hysteresis (especially when discharging) which is important in sample and hold circuits. But in this
design the MKT work fine as well.
Whatever you choose, do NOT use electrolytic capacitors! If you do your CV’s will constantly drift.
1uF MKT caps are usually labelled “105”.
There are 2: C12, C14.

Page 30 of 39

And now the 1uF electrolytic cap. Electrolytics are too tall to fit between the boards so you will
have to bend them down. There is space on the board to bend this one upwards towards R15.
Bend the legs of the cap before you put it in. Pay close attention to the polarity, positive is up.
There is 1: C1. Bend it down towards the right.

Next is 100uF electrolytic.
There are 3:
C4 bends to the right.
C21 bends to the right.
C22 bends towards the left.
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Next are the 10uF electrolytic caps.
There are 5:
C10 bends up.
C11 bends right.
C15 bends right.
C16 bends right.
C20 bends right.

Nearly there! Just connectors now. The IDC socket is installed on the rear of the board.
The open slot in the connector must face up.
Solder the pins on the top of the board.
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Lastly are the connectors for the Din Sockets on the front panel. Put on all four connectors on even
though you will only use three. This will give you the option of changing the configuration later.
All of these connectors go on the reverse side of the board like the IDC socket.
It easiest to solder them on the reverse side first. If you flip the board over before you solder they
will fall off.
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Next are the ICs. All chips face the same direction, to the right. This means the writing on the chip
will be upside-down once they are in the circuit and pin one is on the top right.
Start with the Opto-Isolator 6N137. Do not use 6N138! They are not compatible!
OPTO is 6N137
Next are the timers:
IC1 is the 555
IC12 is the 556
Then the Op Amps:
IC13 is LM1458
IC15 is TL072
You must not substitute IC12, if you do the downward slope of the slew will be effected. In the
worst case (like if you used a TL072 instead of the LM1458) the downward slew would be
artificially long and may never turn off. You must use an op amp with BJT input transistors that are
NPN based to get the slew sounding right.
Next is the Analogue Switch.
IC17 is CD4016
You can substitute for 4066 but the 4016 is better suited to S&H circuits (in the 4016, the shutoff of
the FET is more abrupt which suits S&H better). These guys are SUPER SENSITIVE to static and
can be easily killed. Touch something metal (like your modular) before handling these ICs and then
don’t go walking across carpet before touching the IC.
Now for the logic:
IC2 is 74HC32 (OR Gate)
IC3, IC4, IC5, IC6, IC7, IC8, IC9, IC10, IC11 are 74HC08 (AND Gate)
And finally the processors:
CPU-1 is SYNC-V2.5
CPU-2 is TS-V2.5
CPU-3 is CVS-V2.5
The version number on the processor should match the version of the PCB (V2.5). The build
number (the last three digit number) will change with each revision of the firmware.
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Now reattach the Main Board to the Panel Board and put in the six retaining screws.

Wiring the Din Sockets (MIDI / DinSync)
Din sockets are not labelled logically. The pin order is actually 1, 4, 2, 5, 3.
Below is a guide showing which pins you will need to use to wire up the three sockets on the
sequencer.
Things to note:
- The top socket is used for MIDI IN
so you only use pins 4 and 5. Do not
ground this socket and do not use
the ground pin (pin 2). MIDI inputs
are not grounded. The cable that
comes into the socket is grounded
by the output that it came from. Pin
4 on this socket is the incoming
voltage source. Pin 5 is the
incoming data.

- The middle socket is used for MIDI
OUT/THRU. You must wire up the
ground pin (pin 2)! Pin 4 is the +5V
voltage source and Pin 5 the data
pin.

- The lowest socket can either be
wired for MIDI OUT/THRU or Din
Sync OUT. Both configurations use
the ground pin (pin 2). If you are
creating a Din Sync OUT, use Pin 1
(Run/Stop) and Pin 3 (Clock).
Otherwise it’s the same as the
middle MIDI OUT/THRU socket.
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First prepare your wires. The colours can be anything, even all the same. But if you have any
doubt or are not experienced with DIY MIDI, using the following colours will make it easier to follow
the instructions.
For one MIDI IN and two MIDI OUTS:
Yellow wire cut to 6.5cm
Green wire cut to 6.0cm
White, Blue and Red wires - Cut one set to 6.0cm and another set to 6.5cm

MIDI Out/Thru
White: GROUND - Pin 2
Blue: DATA - Pin 5
Red: +5V OUT - Pin 4

MIDI In
Green: DATA - Pin 5
Yellow: +5V IN - Pin 4

Optional Din Sync
Orange: CLOCK OUT - Pin 3
White: GROUND - Pin 2
Brown: RUN OUT - Pin 1
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Solder the MIDI IN wiring on first.

Then take the longest of the MIDI OUT/THRU wiring looms and solder it to the middle Din Socket.
Take note that the white and blue wires cross over.
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And lastly the Din Sync OUT or the second MIDI OUT/THRU. The picture below shows the Din
Sync option.

But most people will just duplicate the MIDI OUT/THRU wiring here.
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If you are going to make the power cable yourself, ensure the red stripe ends up on the correct
side. The -12V is marked on the right side of the power connector.

YOU’VE FINSHED!

WELL DONE!
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