
DIY "SSII" Starving Student II Headphone Amplifier
Assembly instructions and manual

What you need:

 The kit, including the bare PCB and parts (from diyaudiostore.com)
 A case to put it in (from diyaudiostore.com, or your own design)
 A soldering iron and solder (Tin/Lead 63/37 is the easiest to work with - lead-free

solder is more difficult)
 Wire cutters ("diagonal cutters")
 Philips screwdriver
 Small wrench or pliers

The following are optional, but recommended:
 Needle-nose pliers
 Tweezers
 DMM (Digital Multimeter)

To assemble the case, you will also need these:
 Metric hex wrenches

When assembling, keep the BOM and schematic handy, in case you have any questions
about what parts go where.

It is assumed that the builder has some basic electronics knowledge, like knowing which end
of the soldering iron to hold in the hand, and hopefully some experience building electronics.
However, this is a very easy project and is suitable for a first-time builder.



If you are new to soldering, it's highly recommended that you review one or more of the
excellent on-line soldering tutorials. Just search "soldering tutorial" on the web and/or
YouTube.

There is nothing sacred about the order that is listed for assembly. It can be convenient to
build starting with low-profile components, and work your way up to taller parts, so it's easier
to solder on the board backside. That is the way the instructions read. But you can install
parts in any order you want.

The circuit

(Don’t worry if you don’t understand this – it’s here just for information).

The SSII is a hybrid (meaning both vacuum tube and solid-state) headphone amplifier and
preamp. It is powered by a 48V DC power source.

The voltage amplification is performed by an 18FX6 vacuum tube stage. The 18FX6 is a
pentagrid converter, normally used in radios. In the SSII it is connected as a triode. The
input signal is applied to grid #1 after the volume control.

The plate of the tube stage can be loaded with either a resistor, or a constant current source
(CCS). The CCS provides lower distortion, but more abrupt clipping. The resistor load clips
more gently but has higher distortion. You can select either according to your preference.

The CCS uses a PNP transistor, biased with a blue LED. These LEDs are mounted under
the tube sockets to light them up. The tube is biased with a blue LED in the cathode. The
plate is AC coupled to the output stage.

As in the original “starving student”, the output stage is a power MOSFET source follower,
used to drive the output. The gate of the MOSFET is biased such that there is about 18V on
the source terminal of the MOSFET, which is loaded with the 18FX6 tube heaters. The
output is coupled to the headphones and line out jacks through capacitors.

A time delay muting circuit mutes the outputs as the tubes warm up and the capacitors
charge. The delay is around 20 seconds.



PCB Assembly

Step 1. Introduction

Start with familiarizing yourself with the bare PC board:

You'll see that each part has an
outline silkscreened on the
board, and a reference
designator (name) next to it.
Parts are numbered starting at
the bottom to top, left to right,
starting near the volume
control, so you can expect to
find resistor R1 somewhere
near the lower edge.

Some parts, like resistors, have
no polarity and can be installed
in either orientation. Others,
like diodes and electrolytic
capacitors, need to be installed
in a particular direction. These
parts have the orientation
clearly marked on the
silkscreen ("-" symbol for
capacitors, and a bar and dot
for the cathode side of diodes).
Special attention needs to be
paid to the LEDs – more about
that later.



1. Install the resistors

Each resistor has colored bands that tell you the resistance value. There are a total of 24
resistors, and 7 different values. Sort them out according to value.

Here are the resistors in the kit, showing the reference designators and color codes for each
value:





To install a resistor, first bend its leads so it looks like this:

Insert it so it’s flush with the PCB (the orientation doesn’t matter):



Then, on the back of the PCB, bend the leads out a little to hold it into the PCB:

And solder the wires to the pads, then clip off the end of the wire:



2. Install the diodes

There are three types of diodes in the kit. They are installed the same way as the resistors,
except you need to be careful that they are installed in the correct polarity.

The diodes have a band on the cathode end.

The black one (P6KE56A) is installed at D1, with the band towards the band and dot on the
PCB:

The 1N4148 diodes are installed at D3 and D4, and the 1N5244B Zener diodes are installed
at D2, D5, and D6. Things get a little tricky here as both of these diodes look almost
identical. If you look VERY caerefully (you may need a magnifier) you will see that the
zeners are labeled “244B” and the 1N4148s are labeled “4148”.

Again, install them so that the band faces the band and dot on the PCB:



3. Install the transistors

There are two types of transistors in the kit, 2N7000 (1 pc.) and KSA708Y (2 pcs.):

Install the 2N7000 at Q1, and the KSA708s at Q2 and Q4. Note the orientation – install them
to match the outline on the silkscreen:



6. Install LEDs (component side only)

The LEDs are a little tricky, as they need to be installed the right way, and it’s not always
obvious which way they go. The LEDs supplied with the kit may or may not have a flat side
to indicate which lead is the cathode. But they will always have one lead that is longer than
the other – that lead is the anode:

The PCB is labeled with a dot on the cathode end. Install the two LEDs on the component
side (LED1 and LED3) so the short lead goes towards the dot:



You can double check by looking at the side of the LED – the internal structure isn’t
symmetrical:



7. Install the heatsinks and power MOSFETs

Start by soldering the two black heatsinks into the PCB. It takes some heat to get solder to
flow on these pins – after all, it is a heatsink – but the pins have no electrical function, only
mechanical, so don’t worry if your solder joints don’t look perfect:

Next, insert the MOSFETs into the holes in the PCB, and push them down until the hole lines
up with the heattsink (but don’t solder it yet):



Now take the thermal pads and slide them between the MOSFET and the heatsink:

Finally, fasten them in place with the M3 cone washer screws and nylon lock nuts:



Now you can flip the PCB over, solder the leads, and trim the excess.



8. Install film capacitors

Install the two film capacitors at C4 and C7. There are three holes and the capacitors might
be one of two different sizes – install whichever one you have to match the silkscreen:



9. Install headers at JP1 & JP2

Install the two 3-pin headers at JP1 and JP2. You need to hold them in and solder – it’s a
little tricky to do without burning your fingers:



10. Install the electrolytic capacitors

There are two types of electrolytic capacitors in the kit. There is one small one, 47uF,
installed at C3. The other 5 are 470uF. Note that the caps in the kit could be slightly different
sizes or colors than what is shown here.

These need to be installed with the correct polarity. The capacitor has a marking on the
negative side (-), as does the PCB silkscreen. Make sure all of the caps are installed the
right way before soldering.

To install, just insert them into the PCB, bend the leads a bit, and solder and trim the leads on
the back. They should look like the following pictures:





11. Install common mode choke (L1) and relay (K1)

The common mode choke can go into the PCB either way – orientation doesn’t matter. The
relay will only go in one way. Put them in the PCB and solder. You don’t need to trim the
leads.



12. Install connectors, power switch, and volume control

Install these parts by pushing them into the PCB. On the RCA jacks, be careful that the pins
are aligned with the holes in the pads when you push them in. It takes a bit of force to get the
plastic pegs in, and if the pins aren’t lined up you might bend them.

Make sure you have the parts seated all the way down on the PCB before fully soldering
them in, or the parts won't align to the front and rear panel. It's best to solder only one lead,
then inspect the part to see if it is fully seated on the PCB. If not, heat the solder joint while
pushing the part into the PCB.

The following pictures show where these go.





Note how the connectors are pushed in flush with the PCB:





13. Install tube sockets

The two tube sockets are installed from the back side of the PCB, like this:

Hold them in place and solder them in from the component side of the PCB. Be careful not to
hit any components with the soldering iron!



14. Install the tube LEDs (LED2 and LED4)

The remaining two LEDs are installed inside the hole in the tube sockets. Again, orientation
is tricky – the short wire is the cathode, marked with a dot.

First, put the LEDs into the PCB:



Confirm that the short wire is towards the dot:

Before you solder the LEDs in, flip the board upside down on a flat surface. Push the LEDs
back out of the PCB so that they are flush with the top of the tube socket. Then solder and
trim the leads. It should wind up like this:



15. Install the jumper on JP1 and JP2

Place the jumper on the headers at JP1 and JP2. You can put it either on “CCS” or “RES” –
CCS (constant current source load) will give you lower distortion, RES (resistive load) is more
“tubey”. You can always change this later.



16. Install the pushbutton caps

There is a plastic cap that is installed on the power switch. Simply pop it into place by
pressing in:



17. Check and re-check!

Carefully review the component placement. Pay special attention to the correct orientation of
diodes and electrolytic capacitors!



Double-check your soldering. Remove any solder bridges and re-heat any cold solder joints.



20. Smoke test

First, make sure the board is sitting on a non-conductive (not metal!) surface, so nothing on
the back gets shorted. Wood, or a magazine or stack of paper works fine.

Plug the AC adapter into the board, and plug the adapter into the wall. Push in the power
switch. The LEDs on the tube sockets should light up - if not, unplug it and go back and re-
inspect; something must be unsoldered or incorrectly installed!

If you have access to a DMM (Digital Multimeter), you can do a simple test before installing
the tubes to make sure that the circuit is operating correctly.

Measure the DC voltage between ground and pin 3 of each of the tube sockets. You can find
ground on pin 3, or on the headphone jack nearest the front panel:

You should measure something around 19V (between 18.5 and 19.5 is OK). If not, go back
and check your work again. Turn the power back off. (The voltage will be a bit lower when
the tubes are installed).



21. Install the tubes

Plug in the tubes. They can only go in one way. Push them carefully into the sockets,
rocking them back and forth as needed.

22. Listen!

At this point, it’s time to try it out. Plug the amp into a music source, and plug in some
headphones. Turn the power on, and listen. Note that there is a delay of about 20 seconds
from the time you push the power switch until you hear anything – this is the muting relay
keeping you from getting a “thump” in the headphones.

There are no adjustments other than the two jumpers to select which plate load you want to
use. That’s a matter of personal preference.



Troubleshooting

If the amp doesn't work, there is a 99% chance that there is a solder problem, either an open
joint or shorted leads.

Go back and inspect all of the solder joints one by one. If any look suspect, re-heat them
with the soldering iron. It is common for novice soldiers to get solder on the exposed lead,
but not flow the solder onto the PCB pads. The joints should look like little volcanoes, with a
solder "fillet" from the lead to the pad.

Good Bad

If there is a big blob of solder, remove the excess using solder braid, or heating it and
whacking the board against a table (gently!).

If the solder is good, the next most likely issue is that a component is installed incorrectly.
This can mean a part is installed the wrong orientation, or a part is installed in the wrong
place. Look over the board. Sometimes it helps to have somebody else inspect it - often you
will overlook the same error over and over again, when somebody else will spot it right away!

It is very unlikely that a component is defective when shipped. However, parts can get
damaged if they are installed incorrectly and power is applied. That's why it is VERY
important to check the assembly BEFORE applying power!

If you have some electronics experience, you should be able to go thorough the schematic,
and check voltages to isolate the problem. If you are a newbie, you might need to solicit help
from somebody.



Using the Enclosure

If you want an easy way to package the amp, you can buy a complete metal enclosure to go
with the PCB. Here's what it looks like all packaged up:





1. Install the standoffs, and mount the top plate to the sides

First, install the four standoffs using M3 flat head screws supplied with the parts kit. Then,
mount the top plate to the two sides. They are held together by nuts that slide into the
extrusion, and screws. This hardware is supplied with the enclosure.

Note that the chassis is not quite symmetrical. The rear of the top panel sticks out the back
of the chassis slightly:



You can tell which end of the top panel is the rear because the holes that mount the PCB are
skewed slightly towards the front. This is the rear edge:

2. Install the PCB assembly

Drop the PCB assembly into the chassis, making sure that the rear (with the RCA jacks) is on
the same side as the extended top panel. Screw it to the standoffs using M3x5 screws
supplied with the kit.

3. Slide the nuts in that hold the bottom panel

As I learned from experience – you need to slide the nuts that hold the bottom panel on
before you put the front and rear panels on!



4. Attach the rear panel

Attach the rear panel to the extrusions using the large flat head screws supplied with the
enclosure. Then fasten the RCA jacks using the small black self-tapping screws that aare
supplied with the kit:

5. Attach the front panel and knob

Slide the front panel into place. It might take a little jiggling to get everything to line up and
fall into the holes. Fasten the panel to the extrusions using the black socket head screws
supplied with the enclosure. Then, thread the nuts supplied with the kit onto the volume
control shaft, and the headphone jack.

The headphone jack nut is a little difficult to tighten. It doesn’t have to be real tight. Get it as
far in as you can by hand, then use needle nose pliers to fit into the notches and tighten it a
little more. Be careful not to scratch the front panel when doing this!

Finally, install the knob on the volume control shaft.



Appendix 1: Bill of Materials (Parts List, or BOM)
You can also download this in .XLS or .PDF form from diyaudiostore.com.

Qty Parts Description Mfg Mfg PN

5 C1, C2, C5, C6, C8 Capacitor, electrolytic, 330uF 63V, 13mm Nichicon UKW1J331MPD1TD

1 C3 Capacitor, electrolytic, 47uF 35V, 8mm Nichicon UKL1V470KPDANA

2 C4, C7 Capacitor, polypro film, 0.1uF 100V Wima MKP1F031003G00KI00

1 D1 TVS, 56V Unidirectional 600W Diodes P6KE56A-T

3 D2, D5, D6 Zener diode, 14V 0.5W On Semi 1N5244B

2 D3, D4 Signal diode 1N4148 On Semi 1N4148

2 HS1, HS2 Heatsink CUI HSE-B20254035H02

1 J1 Jack 1/4" Neutrik NRJ6HF

1 at J1 Nut NJR Neutrik NJR-NUT-MK

2 J2, J3 Jack dual RCA Kobiconn 161-4218-E

1 J4 Jack 2.1mm power CUI Inc. PJ-102AH

2 at JP1, JP2 Jumper 0.1" Harwin M7971-05

2 JP1, JP2 Header, 0.1" 3 pins Amphenol 77311-818-03LF

1 K1 Relay DPDT 24V TE / P&B V23079A1005B301

1 L1 Common mode choke Kemet SU9V-05020

4 LED1, LED2, LED3, LED4 LED Blue T1 Kingbright WP710A10QBC/D

1 Q1 FET N-channel TO92 On Semi 2N7000-D26Z

2 Q2, Q4 Transistor PNP TO92 KSA708Y On Semi KSA708YTA

2 Q3, Q5 MOSFET N-ch TO220FP ST STF30N10F7

2 at Q3, Q5 Thermal pad Wakefield 173-9-210P

2 at Q3, Q5 Screw M3x10 cone SEMS

2 at Q3, Q5 Nut M3 nylok

6 R1, R6, R8, R15, R17,
R23

Res 221k 1% 1/4W Yageo MFR-25FBF52-221K

2 R11, R19 Res 200k 1% 1/4W Yageo MFR-25FBF52-200K

2 R13, R21 Res 47.5k 1% 1.4W Yageo MFR-25FBF52-47K5

2 R14, R22 Res 12.1k 1% 1/4W Yageo MFR-25FBF52-12K1

6 R2, R3, R12, R16, R20,
R24

Res 100 1% 1/4W Yageo MFR-25FBF52-100R

4 R4, R5, R10, R18 Res 10k 1% 1/4W Yageo MFR-25FBF52-10K

2 R7, R9 Res 3.32 5% 1/4W Yageo CFR-25JR-52-3R3

1 SW1 Switch pushbutton power E-Switch P227EE1CXC

1 SW1 Switch button cap C&K F0201

1 VR1 Volume control 10k Alps RK14K12B0A0R

1 at VR1 Volume control nut

2 at VT1, VT2 Tube socket

2 VT1, VT2 Tube 18FX6

1 PCB PCB

1 AC Adapter 48V 40W adapter Mean Well GST40A48-P1J

1 Knob Knob 30mm machined aluminum

4 at PCB Standoff M3 x 8mm

4 at PCB Screw M3 x 6 FH Black

4 at PCB Screw M3 x 5 PH

2 at J2, J3 Screw #4 x 3/8 PH BK



Appendix 2: Schematic
You can also download this in .PDF form from diyaudiosotore.com



Appendix 3: Mechanical Drawing
You can also download a .DXF or .PDF file at www.pmillett.com.




