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1. Introduction This manual contains instructions to build an 18Watt tube amplifier known as the SuperLite. The SuperLite has a high gain preamp with a full tone stack. The power amp is modeled after the famed Marshall 1974X circuit. The heart of it all is the SuperLite PCB. The SuperLite PCB takes the SuperLite circuit and conveniently lays it out in a printed circuit board, PCB, package. This manual provides instruction for the assembly of versions 1.0 of the SuperLite PCB circuit board. This manual guides you through the conversion which includes: • drilling the chassis, • assembling the SuperLite PCB, • installation and hookup of the SuperLite PCB into the chassis, and • initial power-up and testing.



Here’s a look at the SuperLite PCB if you haven’t purchased yours yet.



Version 1.0
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2. Electrical Shock Warning Building tube amplifiers involves working with, or around, high voltages. Working inside a tube amplifier can be dangerous if you don't know the basic safety practices. Building, modifying, or repairing tube amplifiers should only be performed by trained personnel.



3. Disclaimer of Liability GuitarAmplifierPCBs.com assumes no liability or responsibility, under any circumstance, for personal injury or damage to property or personal property. GuitarAmplifierPCBs.com reserves the right to make design changes or improvements without obligation to revise prior versions. All specifications are subject to change without notice.
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4. Project Overview You’ll find that this is a fun project that can be completed by an inexperienced builder in a day or two. We at GuitarAmplifierPCBs.com wrote this manual specifically for the novice builder. So, anyone can do it. Really, it’s simple and it doesn’t require expensive tools or complex equipment.



4.1 Here’s what you’ll need: 4.1.1 Parts: • •



The SuperLite PCB circuit board Misc. parts and components (refer to the SuperLite PCB parts list document for a full listing of what parts are needed and where you can buy them)



4.1.2 Tools: • • • • • • • • •



Phillips head screw driver Standard screw driver Needle nose pliers Adjustable wrench Power drill (corded or cordless) 1/8, 5/15, 3/8 in. Metal cutting drill bits Unibit or punch (one 1 in. hole and four 3/4 in. holes) Jigsaw with metal cutting blade Soldering iron (30-40 watt power rating)



4.1.3 Supplies: • •



Fluxed solder Roughly 6 ft. 600v rated wire (22-18 AWG)
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5. Prepare the Chassis 5.1 Layout and Drill Always verify you are using the latest version of the drill plan posted on GuitarAmplifierPCBs.com. If you can not print onto 11x17” paper, you can take an electronic version of the drill plan to Kinkos. They will print it professionally for under $1. Print out a copy of the SuperLite PCB Scratch Build Drill Plan. Make sure it is printed to scale. Cut the drill plans out along the chassis outline.



Glue the front, top and back drill plans to the chassis. This picture shows the front of the chassis. I like to use stick glue. It’s easy to apply and it washes off with water.
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5.1.1 Drilling the Chassis Start by setting the center of each hole to be drilled. A center punch is often used. Use the appropriate drill bit size as prescribed by the drill plan. Here’s an example of how to drill out the tube socket holes. This is a picture from the “Baby Will” Build Manual. A unibit was used to drill out the 3/4” hole for the tube sockets.



Use a jigsaw to cut the holes for the drop through transformer and IEC power connector. Deburr or countersink each hole to ensure no sharp edges will cause injury or component failure. Peal off the paper and wash the chassis clean.
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Here’s a picture of the inside of the chassis. Notice how all of the edges are clean and free from any burrs.
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6. SuperLite PCB 6.1 Assemble the SuperLite PCB The anticipation has been killing you, hasn’t it? Finally, the assembly of the SuperLite PCB begins. Did you check you make sure you have all of the parts you’ll need to complete the assembly?



I wish I did.



The graphics used in the assembly of this circuit board will NOT be an exact reflection of what your board will look like. Various parts will have changed. For example, blue metal film resistors may be shown when your resistors may be carbon film with an almond color. Also, the order of installation may vary from the picture and this manual. Pictures were taken during various stages of the first production build. This manual reflects the lessons learned during that build. So, don’t use the pictures to compare the progress of your build. Follow the instructions at each stage of the build and compare your work when the manual calls out a comparison check.



SuperLite PCB - Scratch Build Manual



Version 3 31 March 2009 9 of 41



http://www.GuitarAmplifierPCBs.com



6.1.1 Soldering the SuperLite PCB Throughout the build you will need to solder a component to the circuit board’s ground plane. The ground plane is a solid 2 oz. copper pour on the back of the board. Due to its bulk, the copper plane conducts heat very efficiently. This makes soldering difficult because the heat is quickly pulled out of the tip of the soldering iron. Thermal pads are used to minimize the amount of time and heat needed to solder a connection.



Here’s what they look like.



You will notice these right away if you are not aware of the differences. It will appear as if the tip of your iron has gone cold and solder won’t flow into the joint. That’s because the copper plane is pulling the heat out the iron’s tip. Soon the area will heat up and the solder will flow. However, your component is heating up as well, which could degrade or destroy it. These solder joints require a 30-50 watt soldering iron. Make sure the iron is fully heated and any carbon build-up is cleaned from the tip. If you’ve been soldering, let the iron rest a minute or two. Install the component as usual. Place the tip of your iron in the joint with the tip in contact with the thermal pad and component lead. Press firmly on the thermal pad and let the joint heat for 3-4 seconds. Feed solder into the joint. If the solder does not flow freely into the joint or wants to stick do not keep applying heat to the joint. Pull the iron away and let the tip heat up again. If you keep heating the solder joint, you may damage the circuit board or component you are installing.
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6.1.2 PCB Standoffs Install the six (6) PCB standoffs on the back side of the board.



6.1.3 Tube Sockets The tube sockets get installed on the back side of the board, too. I repeat the back side of the board. Insert the tube sockets as shown. They only go in one way (on the back side). Do not solder them into the board yet. Lift the PCB up into the chassis guiding the tube sockets into the holes into the chassis.
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http://www.GuitarAmplifierPCBs.com Align the standoffs with their respective chassis holes and fasten them with a couple screws. Now that the tube sockets are sandwiched between the circuit board and the chassis, flip the chassis over and rest its top side (face down) on your work bench. We want to fit the sockets to the chassis drill holes. In a sense, they will be custom, or perfectly, fit to how you drilled the chassis. Elevate the chassis off of your work bench so the top lip of the sockets can be pushed through the top of chassis. Solder the socket lugs to the circuit board. The holes are through plated so the solder will flow into the hole and through to the other side of the socket leg creating a very durable connection. Be careful not to use too much solder. If you keep pushing solder into the joint it will run down the socket lug on the other side of the board and may short out across a neighboring lug or run into the socket itself. When all of the socket lugs are soldered, remove the circuit board from chassis and touch-up any solder joints on the other side (or socket side).
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6.1.4 Spade Connectors Install six male spade connectors in the locations circled. Three vertical spade connectors should be installed in T7, T8, and T9 (output transformer hook-ups). Three horizontal spade connectors should be installed in T3, T4, and T5. It should look like this. Insert and solder each spade connector one at a time. Work in one direction, because access will be difficult once they are all installed. Extra solder time is necessary to heat the spade connector before solder will flow. Hold the iron on the connector. Feed the solder when the joint is hot enough to flow. Straighten the connectors as the solder joint sets, or hardens.
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6.1.5 Resistors Except for the power tubes’ cathode resistor, install ALL of the circuit’s resistors. Start with the power rail. Select the resistor value from that big pile of parts to match the value marked on the circuit board and/or on the schematic. Here, for example, is a 1K 2W screen grid resistor.



Bend the leads over, insert them into the board, and bend them to the side as shown. Solder them to the board.



Trim the leads off at the top of each solder pool, like this.
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Notice how four of the resistors are lifted off of the board. Three of these (R2, R3 and R24) are the power resistors that make up the power rail. Lifting these off of the board allows them to dissipate any heat they may generate. The forth (R4) is the last stage of the power rail. This resistor does not generate much heat but is lifted to separate it from the filament heater trace that runs underneath. Dropping this resistor down to the surface of the board does NOT induce any hum, but I like to raise it anyway (just in case).
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6.1.6 Filter Capacitors Insert the four (4) filter capacitors in their locations as indicated on the board. These capacitors are polarized. Be careful to install them by inserting the positive lead (the longer one) into the square pad and the negative lead (as indicated by the downward arrow and “-“ symbol) in the round pad. Solder and trim the leads.



6.1.7 Coupling and Tone Stack Capacitors Install, solder and trim all of the coupling and tone stack capacitors as shown.
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6.1.8 Bypass Capacitors Install, solder and trim all of the bypass capacitors as shown. These capacitors are polarized. Be careful to install them by inserting the positive lead (the longer one) into the square pad and the negative lead (as indicated by the downward arrow and “-“ symbol) in the round pad. Not all of the components will look like what’s called for in the current parts list. The bypass capacitors have changed since the construction of this documentation build.
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6.1.9 Power Tubes’ Cathode Resistor The parts list provides a range of values for the power tubes’ cathode resistor. The recommended value for the SuperLite PCB Scratch Build is 130 ohms. This resistor will generate heat so it should be installed on the back side of the circuit board with the tube sockets. It should be installed in the location marked as R25.



Install, solder and trim as shown. The cathode resistor is located on the back side of the board so any heat it dissipates will lift up through the chassis instead of up on to the surface of the circuit board and nearby components like the bypass capacitor. You may have been wondering what the purpose was for the drilled three holes you drilled in the chassis. Here’s what it will look like with it’s all assembled.
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6.1.10 Check Your Progress Here’s how everything should look so far.



6.1.11 Control Leads The circuit board is almost done. The only thing left is the wire leads to the input jack, control potentiometers and ground lug. Here’s where all of the lead connections are. Notice how every lead connection is equipped with a grounding pad for use with shielded wire.
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http://www.GuitarAmplifierPCBs.com I’ve found shielded wire to be too frail and have the lead break off at the solder joint. So I like to use solid 22 AWG wire and shield sensitive leads by wrapping the ground wire around the lead(s). Cut ten (10) pieces of wire in lengths of seven (8) inches. Strip the ends of the wires clean and install them in the locations marked above. Here’s what it should look like when you are done.



The color of the wires is not important as long as you can determine where each wire goes.
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7. Putting It All Together It’s time to install the transformers, switches, potentiometers, etc. in the chassis and wire them all together.



7.1 Installing the Components This stuff is pretty easy. Simply take a part and install / fasten it in the chassis. This section will step you through the installation. The next section will wire it all together.



7.1.1 Installing the Power Transformer Prepare the power transformer my removing the chassis fastening nuts and star washers and straightening the wire leads. Don’t remove both nuts from the transformer bolts. The inner nut holds the transformer together, thus it stays fastened. Prop the chassis on its side. Guide the wires through the drop-through chassis hole and align the bolts with the bolt holes in the chassis. Install the star washers and nuts. Fasten the nuts down tight to the chassis. Here’s how it should look. Notice the nut between the transformer and the chassis. The power transformer does not sit flush with the top of chassis.
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7.1.2 Installing the Output Transformer This is basically the same as the power transformer except this one doesn’t drop through the chassis. Install two grommets in the chassis where the output transformer leads pass through.



Guide the leads through the grommets and seat the output transformer in place. Position the output transformer with its primary to the front and secondary to the back as shown. Fasten the output transformer to the chassis with appropriately sized bolts, nuts and lock washers.
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7.1.3 Installing the Components in the Front Panel A faceplate has already been fabricated and applied during the installation of these components. This manual does not provide instruction on how to make the faceplate. Refer to the web site for more information on how to fabricate or purchase the front and back faceplates.



Switches and Indicator Light Install the switches and indicator light in their respective holes. Orient the switches as shown. If the switches are oriented other than what’s shown then the “ON/OFF” positions will be different, too. For example, the power may be turned on when you think it’s off.



Octal Socket for Tube Rectifier Install the octal tube socket in the chassis. Position the notch in the socket towards the right. Refer to picture. Fasten the tube socket to the chassis with appropriately sized bolts, nuts and lock washers.
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Control Potentiometers Sort the five (5) pots and check their values – 25K, 500K, 250K, 500K and 1Meg. Cut the tab off of each of the pots with a pair of cutters (side cuts). A pair of pliers can also be used to bend the tab over and break it off.



Remove the nut and one of the washers and install each pot in its corresponding hole in the front panel. It helps to write the value and taper on the back of each pot since the value is hidden when pushed into the chassis. Refer to the layout diagram for the location of each pot. This picture might help, too.



Install the four wires as shown but don’t solder them. Several more wires will be connected to the pots later. Refer to the schematic and layout diagram for additional information regarding the wiring hookup locations. The brown wire shown above was pulled down for the purpose of this picture. It belongs up in the bend of the chassis. Some of the following pictures will demonstrate. Don’t forget to connect a wire from VR4-1 to VR4-2 on the Bass pot. It’s best to extend the lead from the Treble pot to VR4-1 and VR4-2 as one contiguous wire. SuperLite PCB - Scratch Build Manual
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Input Jack Prepare the switched two conductor input jack by installing two spacer washers on the barrel end of the jack. Connect two wire leads like the pictures shown.



Insert the jack into the chassis like shown and fasten with the end cap bolt provided. Do not solder and wire leads at this time.



Here’s how it should look.
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7.1.4 Installing the Components in the Back Panel A faceplate has already been fabricated and applied during the installation of these components. This manual does not provide instruction on how to make the faceplate. Refer to the web site for more information on how to fabricate or purchase the front and back faceplates.



Output Jacks The output jacks get installed similar to the input jack expect the output jacks are not switched. This means each jack only has two connector lugs. Install the three output jacks. Use the two spacer washers like you did on the input jack. Add the grounding tab to the output transformer bolt.



Scrape, sand, or grind the paint from the inside of the chassis to assure the ground lug is cleanly fastened to the chassis. Warm up your soldering iron again because you can finish up the output jacks without interfering with the rest of the build. Install a heavy gauge ground wire across the lead closest to the chassis and terminate it in the ground lug. Connect the ground wire from the output transformer in the ground lug, too. Solder all of the ground connections.
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http://www.GuitarAmplifierPCBs.com Connect each of the output transformer’s secondary leads to the appropriate output jack. Refer to the chassis layout diagram and design schematic of the transformer to determine which lead connects to which output jack. Solder and trim the leads.



Power IEC-Fuse Block Install the power block oriented as shown. The ground pin should be closest to the chassis. Fasten the power block to the chassis with appropriately sized bolts, nuts and lock washers.



Here’s how the back should look.



SuperLite PCB - Scratch Build Manual



Version 3 31 March 2009 27 of 41



http://www.GuitarAmplifierPCBs.com



The SuperLite PCB The only thing left is the circuit board. As you did when you were installing the tube sockets in the circuit board, lift the board up into the chassis and align the sockets with the socket holes. When it’s all lined up and fit into the chassis, fasten the SuperLite PCB to the chassis with the six (6) stand-off screws.



7.2 Wiring the Amplifier This is the part where you get to connect that spider web of wires. Before you know it all of those wires will be nice and tidy and you’ll be ready for your first power up.



7.2.1 Wiring the Input Jacks Connect the leads to the input jack as shown. Solder and trim the leads.
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7.2.2 Wiring the Control Potentiometers Tuck the brown ground wire up under the lip of the chassis and guide the wires to their respective locations. Tuck the tone stack and volume wires down against the chassis and guide them up to each potentiometer. Connect the wire leads from the SuperLite PCB to the corresponding potentiometer solder lug. Use the pictures below as a guide.
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7.2.3 Wiring the Power IEC-Fuse Block Fasten a ground lug to the power transformer bolt as shown. Connect a heavy gauge wire from the power block’s ground pin to the chassis ground lug. Solder and trim the leads.



Cut a length of two conductor wire to run from the power block to the power switch on the front panel. 15 inches (38mm) should be plenty. Connect one of the leads to the “LOAD” pin on the power block and the other to the “NEUTRAL” pin.



Guide the wires along the side of the chassis up to the front power switch.
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7.2.4 Wiring the Power Switch and Indicator Light Connect each wire to the corresponding lug on the power switch as shown. The lower pins are for the Mains AC power from the IEC-Fuse block. The upper pins are the primary lead to the power transformer.



Sort through the power transformer wires and separate the BLUE (125Vac) and BLACK (Neutral) primary leads. Twist the wires together and guide them to the side of the chassis and up to the power switch. Connect the BLUE wire to the solder lug on the “LOAD” side. Insert one of the leads (doesn’t matter which one) from the indicator light into the solder lug with the BLUE wire. Connect the BLACK wire to the solder lug on the “NEUTRAL” side. Insert one of the leads (doesn’t matter which one) from the indicator light into the solder lug with the BLACK wire.



It should look like this.
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7.2.5 Wiring the Tube Socket and Standby Switch Sort through the power transformer wires and find the two RED/WHITE and two solid YELLOW wires. Twist the two RED/WHITE wires together and guide them to the left side of the tube socket. Connect the two RED/WHITE wires to pins 4 and 6 on the octal tube socket as shown. Twist the two YELLOW wires together and guide them to the right side of the tube socket. Connect the two YELLOW wires to pins 2 and 8 as shown. Using a scrap piece of wire, connect a wire from pin 8 to the bottom solder lug on the standby switch. Solder and trim the leads. Solder one end of another scrap piece of wire to the standby switch’s top solder lug. Make sure the lead will reach the circuit board. Solder and trim the leads. Fasten a female spade connector to the other end. Either crimp or solder the connector onto the wire. The shrink wrap is optional.
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7.2.6 Wiring the 6.3Vac Filament Supply Sort through the power transformer wires and find the two solid GREEN wires. Twist the two GREEN wires together and guide them to the “HTRS” spade connectors on the circuit board. Trim the leads to length leaving some slack for movement. Fasten a female spade connector to the end of each GREEN wire. Either crimp or solder the connector onto the wire. The shrink wrap is optional.



7.2.7 Wiring the Grounds Sort through the remaining power transformer wires and find the RED/YELLOW ad GREEN/YELLOW wires. These are the center taps for the high voltage secondary and 6.3Vac filament supply, respectively. Fasten three ground lugs to the power transformer bolt as shown. Guide and connect the center taps to the ground lugs. Solder and trim the leads. Guide and connect the ground wire from the SuperLite PCB to the remaining ground lug. Solder and trim.
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7.2.8 Wiring the Output Transformer Sort through the output transformer wires and find the 8K primary and center tap wires. These will vary depending on which output transformer you use. A Musical Power Supplies OT15PP output transformer is used here. The 8K primary wires are BROWN and the center tap is RED. The Ted Weber W404248 output transformer has BLUE 8K primary wires and a RED center tap. Twist the three wires together and guide them to the “Output” spade connectors on the circuit board. Trim the leads to length. The vertical spade connectors guide the output transformer wires up and over the edge of the circuit board to keep them away from the 6.3Vac filament supply traces running underneath. Leave enough slack in the wires so they can easily arch over the circuit board.



7.2.9 Clean Up the Loose Ends Tape off and stow any unused transformer leads.
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Good Job! You’re almost done. But, before you start celebrating, you still have to review your work, start it up and test the voltages.
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8. Turn on the Power 8.1 Check Your Work 8.1.1 Take a Break Now is a good time to take break. Rest your mind and gather your thoughts. You don’t want to be tired or rushed while performing the following steps.



8.1.2 Visual Inspection When you are ready, step through the instructions in this manual again and verify each step was performed and completed properly. Look for the following: • Missing components • Damaged components or leads • Solder joints that may have spilled over onto a nearby component or solder pad. • Loose connections. • Stray bits of wire from trimming wire and/or components. • Components or wire leads shorting against each other or the chassis. Pay special attention to the control potentiometers. •



Check that the IEC mains power connector is equipped with a good fuse. The fuse should be rated for 2A Slo-Blo.
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8.2 Power Up without Tubes 8.2.1 The First Power Up Make sure you are working is a safe area free of any flammable chemicals or vapors. An assembly error may result in the emission of sparks. The tubes should NOT be installed during the initial power up.



Plug the amplifier into a speaker cabinet. Match the speaker impedance with the appropriate output jack. Failure to connect a speaker will cause harm and eventual failure of the output transformer. These measurements will NOT match those on the schematic. These are “As-Built” measurements. The actual voltages will be measured after the tubes are installed and the circuit draws current. Verify the power and standby switches are in the “OFF” or “Standby” position. Insert the mains power cord in the IEC mains connector. Secure the black ground lead of your voltmeter to the chassis star ground lug. Switch the power switch to the “ON” position. With your voltmeter, check the following voltages. If a significant deviation from these readings is observed, turn off the amp, unplug the mains power and investigate. These measurements will read high since there is no load on the transformer. The AC Mains voltage at the power switch should read ~ 125Vac. Measured Voltage Comments
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Pins 4 and 6 of the rectifier tube should read ~ 283Vac. Measured Voltage Comments



Place the probe on one of the filament supply leads (T5 and T6). Each side should measure ~ 3.4 Vac. Measured Voltage Comments



Turn OFF the amplifier. Install the 5AR4 (GZ34) tube rectifier by inserting it into the tube socket. Octal tubes are keyed with a notch. Align the notch on the tube with the notch in the tube socket. Turn the amplifier back ON and let the rectifier warm up for 30-60 seconds. Turn the standby switch to the “PLAY” or “ON” position. These measurements will still read low since there is still no load on the power transformer. Measure the voltage all the way up the power rail. R2, R3, and R4 should all measure ~ 384 Vdc. Measured Voltage Comments
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8.3 Power Up with Tubes 8.3.1 The Real Test Install the tubes!



Aren’t they pretty?



These measurements WILL match those on the schematic. Verify the amp’s power and standby switches are in the “OFF” or “Standby” position. Insert the mains power cord in the IEC mains connector. Secure the black ground lead of your voltmeter to the chassis star ground lug. Plug the amplifier into a speaker cabinet. Match the speaker impedance with the appropriate output jack. Failure to connect a speaker will cause harm and eventual failure of the output transformer. Turn the amplifier back ON and let the tubes warm up for 30-60 seconds. Turn the standby switch to the “PLAY” or “ON” position. With your voltmeter, check the following voltages. If a significant deviation from these readings is observed, turn off the amp, unplug the mains power and investigate. Pins 4 and 6 of the rectifier tube should read ~ 278 Vdc Measured Voltage Comments



Place the probe on one of the filament supply leads (T5 and T6). Each side should measure ~ 3.3 Vac. Measured Voltage Comments
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The B+ voltage at the standby switch should measure ~ 340 Vdc. Measured Voltage Comments



After R2 (2.2 KΩ) ~ 315 Vdc Measured Voltage Comments



After R3 (8.2 KΩ) ~ 288 Vdc Measured Voltage Comments



After R4 (27 KΩ) ~ 238 Vdc Measured Voltage Comments
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The cathode of the power tubes (Pin 3 of V3 and V4) ~ 10.3 Vdc Measured Voltage Comments



The cathode of the first preamp triode (Pin 8 of V1) ~ 1.2 Vdc Measured Voltage Comments



The cathode of the first preamp triode (Pin 3 of V1) ~ 0.8 Vdc Measured Voltage Comments



Congratulations! Your SuperLite PCB 18 watt amplifier is complete. Plug in a guitar and enjoy.



End of Document
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