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Build your own phono
preamplifier
Whether you want to build a preamp or tinker with other
audio equipment, here's how to get started.

I was fortunate to receive a new phono cartridge for Christmas. What a lovely

present! And of course, there is great pleasure (or, I suppose, great frustration,
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depending on one’s point of view) in all the tinkering required to remove the old

phono cartridge, mount the new one, and correctly set things up.

For some expert advice on this matter, I turned to the excellent instructional

videos and articles by Michael Fremer, a vinyl enthusiast and audio journalist

with many years of experience in all things phono. Rather than offer a single

representative link here, I recommend searching for “Michael Fremer cartridge

setup video” in your favorite search engine.

The problem

One of the issues I needed to confront with my new cartridge was its output level.

My phono preamplifier is designed to work with the average moving magnet

phono cartridge (https://en.wikipedia.org/wiki/Magnetic_cartridge). Such a

cartridge delivers a nominal output of around 5 millivolts, or mV (a millivolt is one-

thousandth of a volt). The phono preamplifier must amplify this 5-mV input to

around 1 volt, or V, of output to be compatible with the output produced by a CD

player or DAC. This means that the amplifier must multiply its input signals by a

factor of 200 or so. This multiplication is referred to as the amplifier’s gain factor.

Electronic design tradition tends to refer to gain (or its opposite, loss) in terms of

decibels, or dB, which is calculated from the gain factor as:

Let’s use the Linux utility bc to do this calculation. First, note that the above

formula requires the base-10 logarithm and bc gives us the natural, or base-e,

logarithm, so we need to adjust the scale factor to 20 to take that into account.

Here’s what it looks like in my terminal window, using 1 as output voltage and

0.005, or 5 millivolts, as input voltage:
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The logarithm function is pre-defined in bc when the -l option is provided and is

referred to as l(). The scaling is adjusted by dividing by the natural logarithm of

10, or l(10).

So my phono preamplifier offers a gain of about 46dB. This is a pretty standard

sort of gain for moving magnet phono preamplifiers.

My new cartridge, however, is a moving coil phono cartridge, which has a much

lower nominal output—rather than 5 mV, its output is 0.4 mV. Using the same

formula in bc, we can calculate the sort of gain we need:
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Apparently, then, I need a phono preamplifier with about 68dB of gain. What to

do?

Potential solutions

There are basically two possible solutions to this problem (assuming I don’t want

to trade in my Christmas present). The first is to acquire an alternative phono

preamplifier that has the appropriate gain for this cartridge. The second is to

acquire an additional gain stage that goes between the cartridge and the phono

preamplifier that steps up the 0.4 mV to something like 5 mV.

In my case, I have decided to pursue—for the time being, anyway—the second

option. But while coming to this decision, I encountered a number of designs for

hobbyists interested in constructing their own phono preamplifiers as well as

standalone extra gain stages for moving coil cartridges, which are variously

called step-up devices, head amplifiers, or phono pre-preamplifiers.

Many of these designs are offered as some type of open source, whether

formally through a license or informally in the public domain. Some designers

offer bills-of-materials (BOMs) for electronics supply houses or kits to various

levels. Let’s look at a few.
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Step-up devices

One way to convert the low output of a moving coil cartridge to match the input of

a moving magnet phono preamplifier is by using a transformer. A transformer is a

very simple passive device that uses electrical induction to transfer electrical

energy between one circuit and another, meanwhile changing the characteristics

of the transferred energy in some desirable way.

Transformers are applicable to this step-up function because a moving coil

cartridge creates the same total amount of electrical energy, more or less, as a

moving magnet cartridge; even though it outputs only 1/10th the amount of

voltage, it produces a much higher current than does the moving magnet

cartridge. So a suitable transformer converts that total energy into a different

proportion of voltage and current more suitable to the moving magnet phono

preamplifier.

There are a few specialist transformer manufacturers that make devices suitable

for this purpose; for example, Jensen (http://www.jensen-transformers.com

/transformers/moving-coil/), Lundahl (http://www.lundahl.se/moving-coil-input/),

Stevens & Billington (http://www.stevens-billington.co.uk/), and CineMag

(http://cinemag.biz/phono/phono.php). You can find do-it-yourself instructions

online by searching for “moving coil step up diy.” K & K Audio

(http://www.kandkaudio.com/moving-coil-phono-step-up-kits/) makes kits, using

Lundahl transformers, for those willing and able to handle the soldering and

assembly, and it also sells those kits in finished form. Bob's Devices

(https://www.bobsdevices.com/Moving-Coil-Step-Up-Transformers/) sells

packaged solutions based on the CineMag line of transformers. And a number of

manufacturers incorporate transformers from these (or other) companies in their

phono preamplifiers (especially tube-based circuits). Transformer step up devices

and parts, both new and used, can be found on the usual online merchants.

Finally, of course, there are other transformer and step-up manufacturers out

there; your search engine is your friend...

Transformers are expensive, though. Producing a good one requires expensive

machinery (relative to the low volume of output), a fair bit of specialized know-
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how, and relatively expensive core material. A good transformer requires

precision manufacturing.

An alternative, with potentially lower cost, uses active devices—transistors,

operational amplifiers, maybe even vacuum tubes.

For those willing and able to design their own circuit boards, there are many

circuit schematics out there to choose from. Three of these come from the

creative mind of Marshal Leach, (http://leachlegacy.ece.gatech.edu/headamp/) a

former professor of electrical engineering at Georgia Institute of Technology.

Another interesting pair of designs are described on the Elliot Sound Products

site (http://sound.whsites.net/project25.htm); still more on the Tube CAD Journal

(https://www.tubecad.com/2015/05/blog0322.htm), and on and on. Again, your

search engine is your friend. One thing that I’ve found with circuit designs online:

They usually get me only partway to the end goal, having been designed around

the specifications of some cartridge that is quite different from mine. So be

prepared to model and experiment to get the right results.

There are some nice kits available, with or without parts, for example, from

Boozhound Labs (https://boozhoundlabs.com/products/bhl-audio-jfet-moving-coil-

pre-preamp-phono-kit-2sk170) or Muffsy Phono Kits (https://www.muffsy.com

/build-the-muffsy-mc-head-amp-mh-1.html) (this site offers fine illustrated

instructions for the novice builder). Both of these kit providers have solid after-

sales support reputations.

Phono preamplifiers

What if you don’t have a phono preamplifier and would like to build one?

There are a lot of options out there, from circuit designs through partial kits with

or without BOMs, to full kits. These options cover the range from using integrated

circuit operational amplifiers through discrete transistors to vacuum tubes. I can’t

begin to cover them all in this space, except to point out that “phono preamplifier

designs” and “phono preamplifier kits” typed into your favorite search engine will

turn up more options than one could ever need.
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Of the sources described above, several, including K & K Audio, Boozhound, and

Muffsy offer nice-looking kits.

Back in 2014, I bought a pair of bare boards from audio designer George

Ntanavaras (https://linearaudio.net/authors/337), based on an article he

published in the March 2014 issue of AudioXpress magazine

(http://www.audioxpress.com/news/the-march-2014-issue-of-audioxpress-is-now-

online). I am somewhat ashamed to say that I haven’t done anything with these

lovely boards; now that I have a phono cartridge suitable for using with them,

maybe I should!

Closing thoughts

For those interested in building audio stuff in general, I cannot recommend the

DIY Audio Projects site (http://diyaudioprojects.com/) highly enough. Lots of

designs, lots of interesting conversations, lots of experienced builders willing to

help. Also, for someone thinking about building kit XYZ, there are often

discussions of the merits (or otherwise) of that kit on the site.

Two more great resources are Pete Millett’s site (http://www.pmillett.com/), where

Mr. Millett also sells kits and provides BOMs; and Linear Audio

(https://linearaudio.net/volumes), which is well-organized and informative.
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muffsy.com on 08 Feb 2018

Hi Chris, and thanks for writing about the Muffsy Phono Kits.

0
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Although the kits are not fully open source, gerber files and PDFs containing PCB transfers for

the Muffsy Phono Preamp and Power Supply are freely available for anyone who wants to

order or etch the boards themselves:

https://www.muffsy.com/blogs/tag/MYOM/ (https://www.muffsy.com/blogs
/tag/MYOM/)

Chris Hermansen (https://opensource.com/users/clhermansen) on 25 Feb

2018

Thanks for the clarification, muffsy.com.

I see on the link you provide that the designs are "for personal, non-profit use only".

And I see that this would conflict with point 6 of the Open Source Definition published at

https://opensource.org/osd-annotated (https://opensource.org/osd-
annotated).

I've ordered the head amp kit and I'm going to do two or three articles on it as I

progress with the build. I'll clarify this in the first article!

0

muffsy.com on 26 Mar 2018

Those two specific PCB designs are for personal, non-profit use only. I've now

specifically placed the entire site (with the exception of those PCB designs)

under the Creative Commons license: https://www.muffsy.com/blogs

/post/Information-on-muffsy-com-Now-Explicit... (https://www.muffsy.com
/blogs/post/Information-on-muffsy-com-Now-Explicitly-Open-
Source/)

The schematics are, as most everything else, now beyond a doubt open source.

There's nothing stopping anybody from designing their own PCBs from these

designs.

Thanks for making me rethink the licensing of the site's contents.

0

Chris Hermansen (https://opensource.com/users
/clhermansen) on 27 Mar 2018

This is really great, muffsy.com! Thanks very much for letting us know; I

commend you for the decision!

0
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 (http://creativecommons.org/licenses/by-sa/4.0/)
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