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Safety 
The Novar Spud PCB allows you to build a vacuum tube based amplifier. Building such 

an amplifier involves several dangers, including but not limited to: 

• Lethal voltages: The voltage levels present in this amplifier design are lethal.  

• High temperatures: Vacuum tubes get hot during operation. As do power resistors and 

any other device dissipating any significant amount of power. The temperatures of 

these components are high enough to cause severe burns. 

• Heavy components: Tube amplifiers use heavy transformers and inductors. If you 

drop them on any part of your body, expect a good sized bruise and possibly broken 

bones. 

If you are not comfortable with these dangers, please do not build this amplifier. By 

building this amplifier or any part thereof, you assume all risk, 

responsibility, and expenses. 

!
Enclosure & Grounding 
The board is designed for use in an enclosure. The tube sockets mount on the opposite 

side of the components to allow the sockets to poke through holes in the top plate of the 

enclosure. This allows the rest of the components to remain inside the enclosure - out of 

reach of the user. The enclosure should be vented to allow airflow past the power 

resistors on the board. My preferred approach is to drill a bunch of 3 mm (1/8 inch) 

holes in the top plate using a piece of perforated aluminum plate as a template. This 

combined with a bottom plate made from perforated aluminum plate works quite well. 

It is important that the vent holes are small. Basically, if you can touch any part of the 

inside circuitry by sticking a sharpened pencil into any of the vent holes, the vent holes 

are too big. The vent holes should be located such that an object dropped through the 

hole will not land on the circuit board or any energized component. 

The amplifier must be fitted with a grounded (3-prong) power cord. All metal parts of 

the enclosure that may come into contact with the user (this includes the volume 

control, if fitted) must be grounded. Similarly, one end of the output transformer 

secondary must be grounded. 
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Nomenclature  
So why ‘Spud’? Well… Back in the heyday of tube amplifiers, the number of tubes in the 

amplifier was often used as a selling point. This was actually carried over into the early 

days of transistor radios as well. Today, amplifiers and radios may contain thousands of 

transistors inside integrated circuits, so this part of the stereo equipment numerology is 

rather meaningless today. But back in the day, tube amplifiers with one tube were 

referred to as one-tubers – or tubers for short. A tuber is the bulging part of the root 

system of certain plants – potatoes for example. Potatoes are also known as spuds. 

Hence, the term Spud refers to a one-tube amplifier. I have extended this to include 

stereo amps that have one tube per channel. 

The term Novar refers to the tube type used in this amp. Novar tubes have a base with 

nine 0.038″ diameter pins describing a 0.687″ diameter pin circle. Note that the Novar 

socket is rather different from the European Magnoval socket which uses 0.046″ 

diameter pins. It’s also not to be confused with the much smaller Noval socket – such as 

that used by the popular 12AX7 and the like. 

!
Design Description 
The various Compacton-type tubes lend themselves really well to Spud designs. Many of 

them contain everything you need to build a full amplifier: a medium to high gain (µ) 

triode and a power pentode. Quite a few of the 9-pin Compactrons even share the same 

pinout. This would make it possible to implement a Spud amplifier that allows for some 

tube rolling. Scouring through data books, I have identified three candidates for a Novar 

Spud: 6LR8, 6KY8, and 6GF7A. The 6LR8 is a 9-pin version of the 12-pin Compactron 

6LU8 often used for Spuds. In pentode mode, this tube will allow for nearly 6 W of 

output power. The output pentode of the 6KY8 is slightly smaller than that of the 6LR8, 

so expect a bit over 3 W of output power with this tube. Finally, the 6GF7A is a Novar 

tube with a small signal triode and a power triode in one bottle. The pinout of this tube 

is the same as for the 6LR8 and 6KY8 – except for the screen grid pin, of course. In the 

6GF7A the pin that’s used for the screen grid in the triode-pentode tubes is simply left 

floating. Convenient that… The 6GF7A provides about 2 W of sweet sounding triode 
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power. This would be ideal for a headphone amplifier, a small desktop amp, or for 

driving very efficient speakers. 

The schematic for one channel of the Novar Spud is shown below. In my description I 

will refer to the components in this channel of the amplifier. The other channel is 

identical. 

 

Input Stage 

The input stage consists of TU1A and associated components. To minimize hum, the 

input stage is powered by a filtered B+ supply. The input stage allows for three different 

biasing options: 

• Resistive biasing (cathode bias). 

• Resistive biasing with local feedback (partially bypassed cathode bias). 

• LED bias. 

!
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Resistive Bias 

The purpose of the cathode bias circuit is to create a constant voltage from the cathode 

to the grid of the input tube. As long as the time constant of R10 • C3 is significantly 

larger than the period of the lowest input frequency, this assumption is valid and the 

circuit provides a constant voltage. However, even with a large R10 • C3 time constant, it 

is possible to get the bias to drift if the input stage is driven into cutoff (hard clipping). 

In part, this slight bias variation is likely a contributor to the “classic tube sound” 

obtained with resistive biasing. 

!
Resistive Bias with Local Feedback 

The PCB offers the option of using a bit of local negative feedback on the input stage. 

This is done by splitting the total biasing resistance into two parts, R9 and R10, the 

latter being bypassed by C3. This lowers the distortion of the input stage at the expense 

of lower sensitivity (i.e. higher voltage needed to drive the amp to clipping).  

!
LED Bias 

Yet another way to generate a constant bias voltage is to run a constant current through 

an LED. Using LED biasing on the input stage leads to slightly lower distortion and 

slightly higher gain in the input stage. This is due to the very low dynamic resistance, 

∂V/∂i, of the LED. 

The 6LR8 works well with Vgk ≈ 2.0 V, hence, a green LED like the HLMP-3507 is 

about perfect for the 6LR8. 

For the 6KY8, a red LED is recommended as this tube runs the best at Vgk ≈ 1.7 V. 

HLMP-3701 is a good candidate for a red LED. 

The 6GF7A is not suitable for LED biasing as it needs Vgk ≈ 1.3 V which cannot be 

derived by regular LEDs. It is possible that an IR emitting diode can be used in this 

application, but this has not been verified experimentally. 

With LED biasing, C3 is optional. 

!
!
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Input Stage Bias Summary 

DNP = Do Not Populate. 

For the triode-pentode tubes, 6LR8 and 6KY8, the best overall amplifier performance is 

obtained using resistive bias with local feedback. For the 6GF7A, the best performance is 

obtained by resistive biasing. 

!
Output Stage 

The output stage is pretty standard fare. In case of the 6LR8 and 6KY8, the output stage 

offers two options: ultra-linear mode (UL) or triode mode operation. UL mode gives 

higher power and more pentode sound (broader spectrum of distortion harmonics). 

Triode mode gives mostly second and third order distortion products, hence, is 

experienced as a warmer sound. However, triode mode provides only about half to two-

thirds the power of pentode/UL mode. 

Switching between UL and triode mode is accomplished by OPT1 - a wire link option. It 

is technically possible to connect a toggle switch in place of OPT1, but I strongly advise 

against that. First off, the switch needs to be safe for use at the voltage levels involved. 

Secondly, the amplifier should never be switched from UL to triode (or vise versa) with 

the power applied. Hence, my recommendation is to solder in a wire link for OPT1. 

Bias Type Tube R9 R10 C3 D1

Resistive 6GF7A 0 % 560 % 1000 µF DNP

Resistive, local FB 6GF7A N/A N/A N/A N/A

LED 6GF7A N/A N/A N/A N/A

Resistive 6KY8 0 % 560 % 1000 µF DNP

Resistive, local FB 6KY8 330 % 330 % 1000 µF DNP

LED 6KY8 0 % DNP Optional HLMP3301 (RED)

Resistive 6LR8 0 % 560 % 1000 µF DNP

Resistive, local FB 6LR8 330 % 330 % 1000 µF DNP

LED 6LR8 0 % DNP Optional HLMP3507 (GREEN)
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The output stage has a little bit of local feedback applied to it. This is done by R3, C11. 

The purpose of this feedback is to linearize the output stage, thus, dramatically lowering 

the distortion.  

The bias current in the output stage is set by R8. Its value depends on the choice of 

output tube: 

Note that the anode/plate dissipation is a tad beyond the maximum rating of the tube. 

However, even after hours of operation, no signs of red-plating have been observed. The 

Compactron tubes tend to be rather rugged and can tolerate being pushed a bit. 

!
Output Transformers 

During the development of this amplifier, I used an output transformer with a 5 k% 

primary impedance. I suspect the amp will work well with slightly lower or higher 

primary impedances as well. A lower primary impedance leads to slightly higher output 

power but also higher distortion. A higher primary impedance leads to lower distortion 

but also lower output power. Tradeoffs, tradeoffs... 

Tube R8 Anode Dissipation B+ Voltage

6GF7A 560 %, 5 W 10.7 W 250 V

6KY8 820 %, 5 W 12.0 W 300 V

6LR8 560 %, 5 W 14.7 W 300 V
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There are many sources of output transformers. For the price conscious, Edcor or James 

are probably the better options. Specifically, the James JS-6113HS  ($75) looks like it 

would be a good fit, though, I have no personal experience with that particular 

transformer. The Edcor CXSE25-8-5k  ($90) is another well-suited option. Those 

transformers provide incredible value for the money. In the low-cost end of the 

spectrum, there’s the Edcor XSE15-8-5k ($20). However, the sound quality does clean 

up quite a bit with the much bigger CXSE25 transformers. For those who are looking to 

eek every bit of performance out of the circuit, I recommend having a pair of 

transformers custom wound by Electra-Print.  The output transformers should be 

specified for 10 W, 60 mA, and 5 k% primary impedance. 

!
Power Supply 

The power supply is shown below. 

The power supply has two parts to it: Heater supply and B+ supply. The heater supply is 

as simple as can be. The heater voltage is connected at J5. As the heater voltage is 

connected directly to the filament of the tubes, it is possible to use the tube versions 
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with 12.6 V and 21 V heaters in addition to the commonly used 6.3 V versions. Resistors 

R21, R22 elevate the heaters to about 30 V. This voltage is derived across the cathode 

resistor of one of the output stages. The purpose of elevating the heater is to prevent 

dielectric breakdown between the heater and the cathode in the output tube.  

The B+ supply starts with a full-wave rectifier (D4~D7) followed by a reservoir 

capacitor, C8. Terminal block J6 is intended for use with an inductor forming an LC 

filter with C9. I suggest using the 6 H, 150 %, 200 mA inductor C-14X by Triad 

Magnetics. Connect the inductor from J6, pin 1 to J6, pin 3. Leave J6, pin 2 floating. 

R23, C10 provide additional filtering for the input stage of the amplifier. This is done to 

minimize the level of hum in the amplifier. R24 serves as a bleeder resistor. Its purpose 

is to discharge the supply capacitors when the power is removed. This is a safety feature. 

A high-efficiency, low-current LED, D8, is in series with R24 and serves as a reminder 

that power is on. When the LED is illuminated, be particularly mindful of the high 

voltages present in the circuit.  

The CLC filter provides very good ripple rejection. However, should more ripple 

rejection be needed - such as if the amp is used for driving headphones - an actual B+ 

supply regulator, such as my 21st Century Maida Regulator, may be connected at J6. If a 

B+ regulator is used, C9 should be reduced to 10 µF, 400 V. 

!
The following power transformers are suggested for use with this amplifier: 

!

Tube Power Transformer B+ Voltage

6GF7A Antek AS-1T200 250 V

6KY8, 6LR8 Antek AS-1T250 300 V
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Key Specs 

The best performance for the different tubes and bias configurations is marked in green. 

Characterization focused on the 6GF7A and 6LR8 as these tubes are expected to be the 

most heavily used among the three types. Above data were measured using the Edcor 

CXSE25-8-5K output transformers. 

!
Assembly 
The easiest way to populate the board is to work from the smaller components to the 

larger. I suggest the following sequence: 

1. Wire link options: OPT1 and OPT2. 

2. 1/4 W resistors: R4, R5, R6 ,R7, R9, R10, R14, R15, R16, R17, R19, R20, R21, R22, 

and R23. 

3. UF4007 diodes: D4, D5, D6, and D7. 

4. LEDs: D1, D2 (if LED biasing is used), and D8. 

5. Heater bypass cap: C7. 

6. Mica caps: C11, C12. 

Tube Input bias Output THD @ Pout = 1 W Pout (3 % THD)

6GF7A Resistive Triode 0.83% 2.3 W

6KY8 LED Triode 0.55% 3.1 W

6KY8 Resistive w/FB UL 0.73% 3.3 W

6KY8 LED UL 0.57% 3.2 W

6LR8 Resistive Triode 0.44% 3.9 W

6LR8 Resistive w/FB Triode 0.36% 4.6 W

6LR8 LED Triode 0.7% 3.8 W

6LR8 Resistive UL 1.2% 5.1 W

6LR8 Resistive w/FB UL 0.47% 5.5 W

6LR8 LED UL 0.85% 3.6 W
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7. Power resistors: R1, R2, R3, R8, R11, R12, R13, R18, and R24. 

8. Coupling caps: C1 and C4. 

9. Power supply caps: C8, C9, and C10. 

10. Bypass caps: C2, C3, C5, and C6. 

11. Terminal blocks: J1~J8. 

12. Tube sockets: TU1 and TU2. Note the sockets mount on the back side of the board. 

I.e. the side of the board opposite to the component outlines. 

13. Verify all solder joints and ensure that the board is clean of wire clippings and excess 

flux. 

!
Sockets 

This amplifier uses Novar tubes, hence, Novar sockets. The circuit board is designed for 

use with Novar PCB mounted sockets having a 1.0” diameter pin circle. I purchased 

some fairly nice ceramic PCB mounted Novar sockets through ESRC in Orlando, FL. 

Note that many sellers do not distinguish between Novar and Magnoval sockets. Either 

will fit the PCB but the Magnoval sockets contacts are slightly bigger. If the tubes plug in 

without much mating pressure, just pinch the contacts slightly with a pair of needle nose 

pliers. 

!
Tubes 

The tubes are available from many sources including eBay and ESRC. Note that most 

people favor the tube versions with 6.3 V heaters (6LR8, for example). You may be able 

to find better deals on the versions with 12.6 V heaters (13LR8) or 21 V heaters (21LR8). 

If using the Antek power transformers, 12.6 V may be generated by connecting the two 

6.3 V heater windings in series. 

!
!
!

© Copyright Tom Christiansen, Neurochrome : : Audio, 2013. All rights reserved. ! /!                                   12 16

http://www.neurochrome.com/audio
http://www.esrcvacuumtubes.com
http://www.esrcvacuumtubes.com


Novar Spud R1.0 Design Documentation http://www.neurochrome.com/audio                                                  

The top level wiring schematic is shown below. A larger view is shown in the appendix. 

The mains voltage input must be fused. I suggest using a 1 A slow-blow fuse for 120 V 

mains and a 630 mA slow-blow fuse for 230/240 V mains. The safest approach here is 

to use one of the many IEC power entry modules with a built-in fuse holder. 

Note that all metal components of the chassis must be grounded. Similarly, the output 

transformer secondaries must be grounded at one end. Connect the ground wire from 

the IEC inlet directly to the metal chassis and take the ground for the PCB from this 

point. 

The RCA connector shield should be isolated from the metal chassis. The RCA 

connectors are grounded through the PCB and grounding them to the chassis creates a 

ground loop. 

!
!
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Final Check 
I strongly suggest performing a few basic checks before plugging in the tubes. 

1. Verify all connections to the board. 

2. Connect a voltmeter across R24. 

3. Power on the amp. The voltage across R24 should rise to about 340~350 V (Antek 

AS-1T250 power transformer) or about 275~280 V (Antek AS-1T200 power 

transformer). The absolute value here is not super critical but it should be well above 

the intended B+ voltage. The voltage will stabilize to the needed B+ voltage in the 

completed amplifier. 

4. Measure the voltages at TU1, TU2 pins 6 and 8. These voltages should be identical to 

that measured in step 3. 

5. Measure the AC voltage between pins 4 and 5 on TU1, TU2. This should be a tad over 

6.3 V RMS. 

6. Turn the power off and wait 1~2 minutes until the voltage across R24 has dropped 

below 5 V. 

7. Plug in the tubes. 

8. Connect signal source and speakers. 

9. Power up and let the amp warm up for a good 15~30 minutes. 

10. Measure the B+ supply voltage across R24. The voltage should be within ±10~15 % 

of the target B+ value. 

11. Disconnect the voltmeter and enjoy the music. 

!
It is common that the tubes need considerable warm-up time (30 minutes) to reach 

optimum performance the first time they are energized. With daily use, the tubes will 

start to conduct after 30~60 seconds of warm-up. However, note that the circuit 

performance will continue to improve as the tubes reach their steady state operating 

temperature. It takes roughly 10~15 minutes for the circuit to reach its optimum 

operating point.  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Appendix 
!
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Novar Spud R1.0 Bill of Materials (Mouser) 
The following projects have been set up with Mouser Electronics for ease of ordering. 

Note that the BOM for the 6GF7A and 6LR8 with resistive biasing are identical. Only the 

B+ voltage changes between the two designs. 

Please double check against the design documentation to ensure that you order the 

correct components.

6GF7A (resistive bias) http://www.mouser.com/ProjectManager/ProjectDetail.aspx?
AccessID=060a7551e0

6KY8 (resistive bias) http://www.mouser.com/ProjectManager/ProjectDetail.aspx?
AccessID=ff6f001a4e

6KY8 (resistive bias, 
local feedback)

http://www.mouser.com/ProjectManager/ProjectDetail.aspx?
AccessID=e17865a819

6KY8 (LED bias) http://www.mouser.com/ProjectManager/ProjectDetail.aspx?
AccessID=d9414e1ebe

6LR8 (resistive bias) http://www.mouser.com/ProjectManager/ProjectDetail.aspx?
AccessID=060a7551e0

6LR8 (resistive bias, 
local feedback)

http://www.mouser.com/ProjectManager/ProjectDetail.aspx?
AccessID=83eb06c446

6LR8 (LED bias) http://www.mouser.com/ProjectManager/ProjectDetail.aspx?
AccessID=25a6984b8b
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Item Quantity Reference Part Digikey P/N
1 2 C4A,C1A 220n Solen PPE022
2 2 C4B,C1B DNP EF6224-ND
3 4 C2,C3,C5,C6 1000uF/50V 493-3198-ND
4 1 C7 47nF/50V 399-4246-ND
5 2 C9,C8 220uF/400V P11762-ND
6 1 C10 47uF/400V P7520-ND
7 2 C12,C11 33pF/500V 338-1047-ND
8 2 D2,D1 DNP 516-1333-ND (GREEN) or 516-1328-ND (RED)
9 4 D4,D5,D6,D7 UF4007 UF4007-E3/54GICT-ND

10 1 D8 HLMP-D150 516-1323-ND
11 2 J3,J1 OPT_PRI 609-3937-ND
12 2 J4,J2 IN 609-3936-ND
13 1 J5 FIL 609-3936-ND
14 1 J6 L/REG 609-3937-ND
15 1 J7 PWR 609-3936-ND
16 1 J8 GND 609-3936-ND
17 2 OPT2,OPT1 OPT_1P2T N/A
18 2 R11,R1 47k/2W 47KW-2-ND
19 2 R12,R2 100R/1W 100W-1-ND
20 3 R3,R13,R24 150k/2W 150KW-2-ND
21 4 R4,R6,R14,R16 1k0 1.0KQBK-ND
22 4 R5,R7,R15,R17 470k 470KQBK-ND
23 2 R18,R8 560R/5W 560W-5-ND
24 2 R19,R9 0R 0.0QBK-ND (or wire link)
25 2 R20,R10 560R 560QBK-ND
26 2 R21,R22 10k 10KQBK-ND
27 1 R23 3k3 3.3KQBK-ND
28 2 TU2,TU1 6LR8 N/A

Supply inductor: 6 H, 150 Ω, 200 mA. Triad Magnetics C-14X (Mouser P/N: 553-C14X)
Power Transformer: Antek AS-1T200 (6GF7A) or Antek AS-1T250 (6KY8, 6LR8)










