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Introduction

This project came about for two reasons: First, because I needed a LC meter,
and second, because I wanted to learn AVR assembler. Originally, I planned on
using the circuit (or one of the variations) “Surprisingly Accurate LC Meter” that
originally appeared in the April 2004 issue of Amateur Radio and write my own
firmware. I bread boarded the circuit and found that, while it did work, it didn’t
have the range or scope that I wanted. So, after playing around with several
ideas, I settled on the following design.

Overview
Frequency:
Inductance:
Capacitance:

Accuracy:

Calibration
Inductance:
Capacitance:

Notes:

0 2 ~20 MHz, 10mv < +-5 v at 10 Hz resolution
1nh - =20 h, auto ranging
~10pf 2 20,000+ uF, auto ranging

1% or better, depending on reference caps used.

Short test leads together and press “zero” switch
Leave test leads open and press “zero” switch

Calibration values are stored in EPROM; recalibration is
recommended anytime test leads are changed to offset any
changes in parasitic capacitance/inductance. When
measuring values in the pf or nh range, calibration is
recommended to offset changes due to the tempco of the
components used.



Circuit

I designed this project to be installed in a breadboard I had built and to meet
my particular needs, using the parts that I had on hand. As such, there are parts
of the design that could certainly be done differently <grin>. All in all, though, it
is a pretty simple and straightforward design.

Inductance — Here I used a Schmitt trigger inverter (IC4 - 74HC14) to drive
a LC resonant circuit formed from C6 and C7 with either the DUT (Device Under
Test) or the reference inductor. C6 and C7 (along with C1 for capacitance
measurement) are the only precision components needed. I used some 1%s that I
had on hand, although they can be bought from Digikey, Mouser etc. for very
little. L1 is in series with one leg of the input and provides both the reference and
proper scaling for measuring low values of inductance. Both legs of this oscillator
are switched to the inputs by Ki1. This signal is buffered and shaped by a couple
more gates of IC4 and then fed to the NC input of analog switch IC7A. This
switch selects between feeding this signal or the frequency counter output to the
“T0” input if the AVR. The AVR counts the pulses over a period of 1 second to
directly measure the frequency of the oscillator corresponding to the function:

1
f= 9 JIC
Solving for L:
1
L= C(a2m HN

gives us the value of the inductor.

When calibrating, the test leads are shorted and the inductance of L1 as well as
the parasitic inductance of both the circuit and the test leads are measured and
stored. This is then subtracted from later measurements.

Capacitance — Capacitance is measured by applying one of three fixed
current sources to the DUT and measuring the time it takes for the voltage across
the DUT to cross between two voltage levels ( Avt). This time is scaled against
the time for the reference capacitor C1 and displayed - the range is automatically
selected to give the best resolution. The DUT is discharged via Q12 and R15 and
the cycle is repeated.

When calibrating, the test leads are kept open and first the parasitic
capacitance is measured. Then, the reference capacitor C1 is measured. Both
these values are saved in EPROM for later use.



Frequency — The signal input is coupled via C8 to the input circuitry. R23 is
used to adjust the 0-volt offset and R20 along with D1 & D2 provide input
overvoltage protection. IC6 buffers the input signal and amplifies it 2X before it
is fed to the input of comparator IC3. The signal is then buffered and shaped by 2
stages of IC4 before being sent to IC2 which is configured to divide by 10. Itis
then sent to the NO input of I1C7.

The only calibration required is to short the inputs together and adjust for ov
at pin 6 of IC6.

Aside: Since the circuit has three current sources that provide (relatively)
long current pulses to the DUT, I could make them provide *short* pulses and
thereby have an approximation of the circuit found elsewhere on the web used to
measure ESR. In fact, I was originally going to do this; I decided against it for
several reasons. First, the response of a capacitor to a voltage pulse:

-

V ESR

T

The initial peak is due to the inductance of the capacitor along with that of the
test leads and internal circuitry. The point marked as ESR corresponds the
capacitor’s actual ESR (along, of course, with the resistance of the test leads etc.)
The circuits I could find all operated by feeding the voltage developed across the
DUT into one leg of a comparator; starting a ramp generator and feeding that
into the other — then waiting for a missing output pulse from the comparator and
timing the interval. If the comparator was enabled before the pulse was
generated, then what wound up getting measured was not the capacitor’s ESR,
but the circuit’s cumulative inductance — as was the case for the published source
code; The point you actually want to measure is the one marked ESR; this
appears, on average, 2us after the start of the initial pulse. I would assume
(hope) that the commercially sold units would take this into account. Anyway,
once you know what it going on it is easy enough to work around — the problem
with adding it to this circuit, though, is the other stuff that is already there;
specifically, the inductance circuitry and the various relays, etc needed to switch
between them. A capacitor’s ESR is frequently in the low milliohm range — and a
relay’s contacts can easily vary that much between operations. So, to accurately
measure a capacitors ESR you really need a direct, carefully laid-out connection —
not easy to do here without resorting to probably-not-working kludges. So, so
long to measuring ESR ;-)



Software

Not too much to say about the firmware other than what is in the (not that
well) commented source code. As I said above, I had to learn AVR assembler to
do this project, and that learning curve shows, I'm afraid. All of the routines in
the include files are designed primarily for ease of use. All registers are restored
after calling and I've tried to be as consistent as I can in their parameters. That
being said, though, they really do make things easier as long as you don’t mind
the extra space (especially some of the macros) they take — all of which can be
optimized out to fit a specific situation.

Known Issues/Possible Improvements

The only issues that I'm aware of are in the capacitance measurement. When
the test leads are open, the circuit will continuously cycle through each range; if a
really big honkin’ (technical term) capacitor is attached while it is in the 5ua
range, it will appear to lock up (actually not, just gonna take a long time). This
doesn’t happen very often and the fix would screw up very tight timing, so just
disconnect the cap and try again.

Sometimes you have to press a mode/zero button for a while before it registers
— not really a problem, but something that could be tweaked.

Not an issue per se, but you may wonder: I'm powering the LCD backlight
from the negative leg of the +-5v supply instead of the positive (not that it really
matters, anyway...). The reason applies to the end use for me: part of an existing
breadboard I built. It has internal supplies of +-12v and +-5v — and I already
have another LCD backlight being run off the +5 leg, so I put this one on the -5
leg to balance.

The frequency counter was really thrown in as an afterthought; if all you deal
with are logic levels, it could be simplified a good bit. If you are interested in
analog signal levels, it could be improved and/or expanded — if nothing else, use
a bootstrapped input to increase impedence.

There is not a lot of wiggle room if you are interested in changing components;
the HC TTL really does need to be high speed — don’t replace with LS. The
LM6171 could be replaced with a slower part (and the 74HC9o eliminated) if you
are only interested in <1-2 Mhz (Although the LM6171/6172 parts are really nice
— usually just plug and play, no fiddling required).

The resistors used in the current sources — especially the 50ma — really should

be 1% metal film; not for precision but for thermal stability. It’s no big deal if you
use 5% carbon comps, though — just calibrate more often.

Legal/Licensing



Creative Commons License Deed

Attribution-Noncommercial-Share Alike 3.0 United
States

You are free:

e to Share — to copy, distribute, display, and perform the work
e to Remix — to make derivative works

Under the following conditions:

e Attribution. You must attribute the work in the manner specified by the author or
licensor (but not in any way that suggests that they endorse you or your use of the
work).

e Noncommercial. You may not use this work for commercial purposes.

e Share Alike. If you alter, transform, or build upon this work, you may distribute
the resulting work only under the same or similar license to this one.

o For any reuse or distribution, you must make clear to others the license terms of
this work.

e Any of the above conditions can be waived if you get permission from the
copyright holder.

e Apart from the remix rights granted under this license, nothing in this license
impairs or restricts the author's moral rights.

Disclaimer
Disclaimer

The Commons Deed is not a license. It is simply a handy reference for understanding the
Legal Code (the full license) — it is a human-readable expression of some of its key
terms. Think of it as the user-friendly interface to the Legal Code beneath. This Deed
itself has no legal value, and its contents do not appear in the actual license.

Creative Commons is not a law firm and does not provide legal services. Distributing of,
displaying of, or linking to this Commons Deed does not create an attorney-client
relationship.



Your fair use and other rights are in no way affected by the above.

This is a human-readable summary of the following Legal Code:

Creative Commons Legal Code

Attribution-NonCommercial-ShareAlike 3.0 United
States

CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT
PROVIDE LEGAL SERVICES. DISTRIBUTION OF THIS LICENSE DOES NOT
CREATE AN ATTORNEY-CLIENT RELATIONSHIP. CREATIVE COMMONS
PROVIDES THIS INFORMATION ON AN "AS-IS" BASIS. CREATIVE COMMONS
MAKES NO WARRANTIES REGARDING THE INFORMATION PROVIDED, AND
DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM ITS USE.

License

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS
CREATIVE COMMONS PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK
IS PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE
OF THE WORK OTHER THAN AS AUTHORIZED UNDER THIS LICENSE OR
COPYRIGHT LAW IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT
AND AGREE TO BE BOUND BY THE TERMS OF THIS LICENSE. TO THE
EXTENT THIS LICENSE MAY BE CONSIDERED TO BE A CONTRACT, THE
LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN
CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND
CONDITIONS.

1. Definitions

a. "Collective Work' means a work, such as a periodical issue, anthology or
encyclopedia, in which the Work in its entirety in unmodified form, along with
one or more other contributions, constituting separate and independent works in
themselves, are assembled into a collective whole. A work that constitutes a



Collective Work will not be considered a Derivative Work (as defined below) for
the purposes of this License.

b. '"Derivative Work' means a work based upon the Work or upon the Work and
other pre-existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound recording, art
reproduction, abridgment, condensation, or any other form in which the Work
may be recast, transformed, or adapted, except that a work that constitutes a
Collective Work will not be considered a Derivative Work for the purpose of this
License. For the avoidance of doubt, where the Work is a musical composition or
sound recording, the synchronization of the Work in timed-relation with a moving
image ("synching") will be considered a Derivative Work for the purpose of this
License.

c. '"Licensor" means the individual, individuals, entity or entities that offer(s) the
Work under the terms of this License.

d. "Original Author'" means the individual, individuals, entity or entities who
created the Work.

e. "Work" means the copyrightable work of authorship offered under the terms of
this License.

f.  "You" means an individual or entity exercising rights under this License who has
not previously violated the terms of this License with respect to the Work, or who
has received express permission from the Licensor to exercise rights under this
License despite a previous violation.

g. "License Elements' means the following high-level license attributes as selected
by Licensor and indicated in the title of this License: Attribution, Noncommercial,
ShareAlike.

2. Fair Use Rights. Nothing in this license is intended to reduce, limit, or restrict any
rights arising from fair use, first sale or other limitations on the exclusive rights of the
copyright owner under copyright law or other applicable laws.

3. License Grant. Subject to the terms and conditions of this License, Licensor hereby
grants You a worldwide, royalty-free, non-exclusive, perpetual (for the duration of the
applicable copyright) license to exercise the rights in the Work as stated below:

a. to reproduce the Work, to incorporate the Work into one or more Collective
Works, and to reproduce the Work as incorporated in the Collective Works;

b. to create and reproduce Derivative Works provided that any such Derivative
Work, including any translation in any medium, takes reasonable steps to clearly
label, demarcate or otherwise identify that changes were made to the original
Work. For example, a translation could be marked "The original work was
translated from English to Spanish," or a modification could indicate "The
original work has been modified.";

c. to distribute copies or phonorecords of, display publicly, perform publicly, and
perform publicly by means of a digital audio transmission the Work including as
incorporated in Collective Works;



d. to distribute copies or phonorecords of, display publicly, perform publicly, and
perform publicly by means of a digital audio transmission Derivative Works;

The above rights may be exercised in all media and formats whether now known or
hereafter devised. The above rights include the right to make such modifications as are
technically necessary to exercise the rights in other media and formats. All rights not
expressly granted by Licensor are hereby reserved, including but not limited to the rights
set forth in Sections 4(e) and 4(f).

4. Restrictions. The license granted in Section 3 above is expressly made subject to and
limited by the following restrictions:

a. You may distribute, publicly display, publicly perform, or publicly digitally
perform the Work only under the terms of this License, and You must include a
copy of, or the Uniform Resource Identifier for, this License with every copy or
phonorecord of the Work You distribute, publicly display, publicly perform, or
publicly digitally perform. You may not offer or impose any terms on the Work
that restrict the terms of this License or the ability of a recipient of the Work to
exercise the rights granted to that recipient under the terms of the License. You
may not sublicense the Work. You must keep intact all notices that refer to this
License and to the disclaimer of warranties. When You distribute, publicly
display, publicly perform, or publicly digitally perform the Work, You may not
impose any technological measures on the Work that restrict the ability of a
recipient of the Work from You to exercise the rights granted to that recipient
under the terms of the License. This Section 4(a) applies to the Work as
incorporated in a Collective Work, but this does not require the Collective Work
apart from the Work itself to be made subject to the terms of this License. If You
create a Collective Work, upon notice from any Licensor You must, to the extent
practicable, remove from the Collective Work any credit as required by Section
4(d), as requested. If You create a Derivative Work, upon notice from any
Licensor You must, to the extent practicable, remove from the Derivative Work
any credit as required by Section 4(d), as requested.

b. You may distribute, publicly display, publicly perform, or publicly digitally
perform a Derivative Work only under: (i) the terms of this License; (ii) a later
version of this License with the same License Elements as this License; or, (iii)
either the unported Creative Commons license or a Creative Commons license for
another jurisdiction (either this or a later license version) that contains the same
License Elements as this License (e.g. Attribution-NonCommercial-ShareAlike
3.0 (Unported)) ("the Applicable License"). You must include a copy of, or the
Uniform Resource Identifier for, the Applicable License with every copy or
phonorecord of each Derivative Work You distribute, publicly display, publicly
perform, or publicly digitally perform. You may not offer or impose any terms on
the Derivative Works that restrict the terms of the Applicable License or the
ability of a recipient of the Work to exercise the rights granted to that recipient
under the terms of the Applicable License. You must keep intact all notices that
refer to the Applicable License and to the disclaimer of warranties. When You



€.

distribute, publicly display, publicly perform, or publicly digitally perform the
Derivative Work, You may not impose any technological measures on the
Derivative Work that restrict the ability of a recipient of the Derivative Work
from You to exercise the rights granted to that recipient under the terms of the
Applicable License. This Section 4(b) applies to the Derivative Work as
incorporated in a Collective Work, but this does not require the Collective Work
apart from the Derivative Work itself to be made subject to the terms of the
Applicable License.
You may not exercise any of the rights granted to You in Section 3 above in any
manner that is primarily intended for or directed toward commercial advantage or
private monetary compensation. The exchange of the Work for other copyrighted
works by means of digital file-sharing or otherwise shall not be considered to be
intended for or directed toward commercial advantage or private monetary
compensation, provided there is no payment of any monetary compensation in
connection with the exchange of copyrighted works.
If You distribute, publicly display, publicly perform, or publicly digitally perform
the Work (as defined in Section 1 above) or any Derivative Works (as defined in
Section 1 above) or Collective Works (as defined in Section 1 above), You must,
unless a request has been made pursuant to Section 4(a), keep intact all copyright
notices for the Work and provide, reasonable to the medium or means You are
utilizing: (i) the name of the Original Author (or pseudonym, if applicable) if
supplied, and/or (ii) if the Original Author and/or Licensor designate another
party or parties (e.g. a sponsor institute, publishing entity, journal) for attribution
("Attribution Parties") in Licensor's copyright notice, terms of service or by other
reasonable means, the name of such party or parties; the title of the Work if
supplied; to the extent reasonably practicable, the Uniform Resource Identifier, if
any, that Licensor specifies to be associated with the Work, unless such URI does
not refer to the copyright notice or licensing information for the Work; and,
consistent with Section 3(b) in the case of a Derivative Work, a credit identifying
the use of the Work in the Derivative Work (e.g., "French translation of the Work
by Original Author," or "Screenplay based on original Work by Original
Author"). The credit required by this Section 4(d) may be implemented in any
reasonable manner; provided, however, that in the case of a Derivative Work or
Collective Work, at a minimum such credit will appear, if a credit for all
contributing authors of the Derivative Work or Collective Work appears, then as
part of these credits and in a manner at least as prominent as the credits for the
other contributing authors. For the avoidance of doubt, You may only use the
credit required by this Section for the purpose of attribution in the manner set out
above and, by exercising Your rights under this License, You may not implicitly
or explicitly assert or imply any connection with, sponsorship or endorsement by
the Original Author, Licensor and/or Attribution Parties, as appropriate, of You or
Your use of the Work, without the separate, express prior written permission of
the Original Author, Licensor and/or Attribution Parties.
For the avoidance of doubt, where the Work is a musical composition:

1. Performance Royalties Under Blanket Licenses. Licensor reserves the

exclusive right to collect whether individually or, in the event that



Licensor is a member of a performance rights society (e.g. ASCAP, BMI,
SESAC), via that society, royalties for the public performance or public
digital performance (e.g. webcast) of the Work if that performance is
primarily intended for or directed toward commercial advantage or private
monetary compensation.

ii.  Mechanical Rights and Statutory Royalties. Licensor reserves the
exclusive right to collect, whether individually or via a music rights
agency or designated agent (e.g. Harry Fox Agency), royalties for any
phonorecord You create from the Work ("cover version") and distribute,
subject to the compulsory license created by 17 USC Section 115 of the
US Copyright Act (or the equivalent in other jurisdictions), if Your
distribution of such cover version is primarily intended for or directed
toward commercial advantage or private monetary compensation.

f. Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where
the Work is a sound recording, Licensor reserves the exclusive right to collect,
whether individually or via a performance-rights society (e.g. SoundExchange),
royalties for the public digital performance (e.g. webcast) of the Work, subject to
the compulsory license created by 17 USC Section 114 of the US Copyright Act
(or the equivalent in other jurisdictions), if Your public digital performance is
primarily intended for or directed toward commercial advantage or private
monetary compensation.

5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING,
LICENSOR OFFERS THE WORK AS-IS AND ONLY TO THE EXTENT OF ANY
RIGHTS HELD IN THE LICENSED WORK BY THE LICENSOR. THE LICENSOR
MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND
CONCERNING THE WORK, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE,
INCLUDING, WITHOUT LIMITATION, WARRANTIES OF TITLE,
MARKETABILITY, MERCHANTIBILITY, FITNESS FOR A PARTICULAR
PURPOSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER
DEFECTS, ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS,
WHETHER OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW
THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT
APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY
APPLICABLE LAW, IN NO EVENT WILL LICENSOR BE LIABLE TO YOU ON
ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL,
PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF THIS LICENSE OR
THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

7. Termination



a.

This License and the rights granted hereunder will terminate automatically upon
any breach by You of the terms of this License. Individuals or entities who have
received Derivative Works (as defined in Section 1 above) or Collective Works
(as defined in Section 1 above) from You under this License, however, will not
have their licenses terminated provided such individuals or entities remain in full
compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will survive any
termination of this License.

Subject to the above terms and conditions, the license granted here is perpetual
(for the duration of the applicable copyright in the Work). Notwithstanding the
above, Licensor reserves the right to release the Work under different license
terms or to stop distributing the Work at any time; provided, however that any
such election will not serve to withdraw this License (or any other license that has
been, or is required to be, granted under the terms of this License), and this
License will continue in full force and effect unless terminated as stated above.

8. Miscellaneous

a.

Each time You distribute or publicly digitally perform the Work (as defined in
Section 1 above) or a Collective Work (as defined in Section 1 above), the
Licensor offers to the recipient a license to the Work on the same terms and
conditions as the license granted to You under this License.

Each time You distribute or publicly digitally perform a Derivative Work,
Licensor offers to the recipient a license to the original Work on the same terms
and conditions as the license granted to You under this License.

If any provision of this License is invalid or unenforceable under applicable law,
it shall not affect the validity or enforceability of the remainder of the terms of
this License, and without further action by the parties to this agreement, such
provision shall be reformed to the minimum extent necessary to make such
provision valid and enforceable.

No term or provision of this License shall be deemed waived and no breach
consented to unless such waiver or consent shall be in writing and signed by the
party to be charged with such waiver or consent.

This License constitutes the entire agreement between the parties with respect to
the Work licensed here. There are no understandings, agreements or
representations with respect to the Work not specified here. Licensor shall not be
bound by any additional provisions that may appear in any communication from
You. This License may not be modified without the mutual written agreement of
the Licensor and You.

Creative Commons Notice

Creative Commons is not a party to this License, and makes no warranty
whatsoever in connection with the Work. Creative Commons will not be
liable to You or any party on any legal theory for any damages
whatsoever, including without limitation any general, special, incidental or
consequential damages arising in connection to this license.



Notwithstanding the foregoing two (2) sentences, if Creative Commons
has expressly identified itself as the Licensor hereunder, it shall have all
rights and obligations of Licensor.

Except for the limited purpose of indicating to the public that the Work is
licensed under the CCPL, Creative Commons does not authorize the use
by either party of the trademark "Creative Commons" or any related
trademark or logo of Creative Commons without the prior written consent
of Creative Commons. Any permitted use will be in compliance with
Creative Commons' then-current trademark usage guidelines, as may be
published on its website or otherwise made available upon request from
time to time. For the avoidance of doubt, this trademark restriction does
not form part of this License.

Creative Commons may be contacted at http://creativecommons.org/.
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