Build your own

LC Meter
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Bruce E. Hall, W8BH

An LC meter is a handy tool for any electronics
hobbyist. There are readyuilt devices which you
Ol y LIzNOKF aSz odzi gdéah i Qj
make your own meter for less money and with
better accuracy. Read on if you are interested in
building your own LC meter based on the famous
AADE design.
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Introduction

Several DIY meters are available on the web. One of the most accurate and widaimed was

designed and sold by Neil Hecht and his company AADE (Almost All Digital Electronics). Neil passed
away in 2015 but his design lives on.

AnAADEL Y A LJANBR RSaAdy gl a NBOSyidfeée AYLXSYSYy(iSR oeé
and a N&ia 5110 LCD for the display. The documentation for his project, including links to his videos, is
found on his GitHub page dtttps://github.com/coreWeaver/L&Meter.

| decided to design my own. | wanted a meter that would be easy to
build, using throughhole components, and easy to prograrsingthe
Arduino IDE This document describestepby-step,how to build

your ownmeter. | believe in starting small and testj as | go. Part 1 (,this document) a

t NI HY | &SN
Part 3. Software Review
Part 4. Enclosures

ProjectFiles

Not a Kit

Schematic
Forgive me for starting these notes with a disclaimer: this is not a kit|  Interactive BOM
I am not selling anything, and there is no guarantee of success or Source Code
suitability for any particular purpose. Still interested? PCB Gerbers

Enclosure STL files

-


http://w8bh.net/
https://github.com/coreWeaver/LC-Meter
http://w8bh.net/LCmeter_BuildersGuide.pdf
http://w8bh.net/LCMeter_UsersGuide.pdf
http://w8bh.net/LCmeter_Part3.pdf
http://w8bh.net/LCmeter_Enclosure.pdf
http://w8bh.net/LCmeter_Schematic.svg
http://w8bh.net/LCmeter_BOM.html
https://github.com/bhall66/LC-meter/tree/main/LCmeter
https://github.com/bhall66/LC-meter/tree/main/PCB
https://www.thingiverse.com/w8bh/designs

Bill of Materials

1 BZ1 PiezoBuzzer TDK PS1240P02BT

1 C1 1000pF WIMA Film 2.5%

1 C2 1000pF WIMA Film 1%

3 C3,C6,C7 10uF Electrolytic, 16V

1 C4 10uF Tantalum 16V

1 C5 OpF / SNI YA OZ notfitied 2
2 C9, Ci10 22pF Ceramic disc, 0.1"

2 C11,C12 100nF MLCC, 0.1"

1 D1 BATA42 Schottky diode

1 D2 1N4148 small signal diode

2 D3, D4 3mm LED D3 yellow, D4 blue

4 H1, H2, H3, H4 Mounting Hole M3 hardware

1 J1 Red Probe CalTech CT3151\21

1 32 Black Probe CalTech CT3151\1

1 33 DC Barrel Jack CUIPJ102AH

1 J4 9V BatteryHeader | not fitted

1 J5 ICSP Header 2x3 male, 0.1"

1 J6 UART Header MEo Yl in&fitedn dmé T
2 J7J8 SupporsA& B MEn Y n& fitted1 dmé
1 K1 DPDT Relay Kemet UADBNEoOr equiv.

1 K2 SPST Reed Relay MedexSILOSLA7271Lor equiv.

1 L1 82uH Fixed Inductor, 5%

1 Q1 2N3904 TGO92 NPN

8 R1, RR11, R1R17 1K 0.25W, 5%

1 R2 120R 0.25W, 5%

3 R3,R4,R13 10K 0.25W, 5%

3 R5,R6,R7 100K 0.25W, 5%

1 RS8 47K 0.25W, 5%

1 R12 6.8K 0.25W, 5%

1 RI18 68R 0.25W, 5%

2 S1,S2 SPST Switch 6mm TACTILE

1 sSwi SPDT Slide Switch  0S102011MA1QN1

1 Ul L4931CZ5@\P IC REG LINEAR 5V 250MA T®9:
1 U2 LM311 IC DIF8

1 U4 ATmega328P_DIPz IC 8bit MCU

1 U5 TFT Display MSP1803128x160pixel

1 VYl 16MHzcrystal HC49U

Additional miscellaneous component8VR external programmeC MetePCB, 9MCAdapter, 8pin
DIPsockets for the LM311 IC, 28n DIP socket for the ATmega328is and 8pin maleheaders for
the display module, 4 pin and@n femaleheaders for the displagocket



The PCB.

To order a circuit board from a manufacturer you must
provideaRA IA Gt &S0 2 BerbRAPA Ty
can obtain theGerbers on myGitHub account.

Almost all board fabricator wedites allow Gerbefile
dzLJ 2 Ra @ /| K22aS GKS YI yd] B
OSH ParlJSA, excellent quality) in the past and have | |
been very satisfied. For this project | used® CHChina,
prototype quality). Choose the defaultldyer options,

get your quote, and choose whatever shipping option yo
want. At JLCPCB | paid $2.00 + shipping for a set of 5
boards.

All components are mounted on the front face of the PC

Refer to theinteractive BOMo identify the location for
each part.
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Step 0: Preparation. " WBBH.net
° LC Meter

Obtain the PCB and parts listed above. In addition, you
will need a decent soldering iron, soldan external
programmer for your microcontroller (such as an ANAR
or USBtinylISP3, digital multimeter, and a 6¥0V DC
power supply with barrel connector (2.1mm center pin positive). You should be familiar with soldering
and have successfully kitted other projects gsi@s and other throughole components. You should
have sufficient lighting, magnification, and workspace area.

¢tKAA&d O0dzAif RSNRA 3IdzARS Yl @& OKFy3dS FNBY (GAYS G2 GAYS
http://w8bh.net/LCmeter BuildersGuide.pdf

As | mentioneckarlier, | believe in starting small. Build the smallest something that you can and test it.
52y Q0 F2NHBS FKSIFR dzyGAf @2dz I NB &ad2NB $@SNEBEOIKAY3I A

These instructions assume that you are comfortable using the Arduino IDE, and that you will program
the microcontroller using the onboardin ICSP header. However, you may program the MCU in any
manner that that suits you.

Take a moment to familiize yourself with the PCB. In general, the build will start near the top of the
board and work downward. The board Hamain sections: the power supply, the MCU, the display,
the control circuit, and the oscillator. We will tackle one sectiontaha andtest eachsection with

code and/or multimeter before movingn.

Note:When soldering componeg)tl recommend soldering the first @nd checking component
alignment on the front face of the PCB before soldering the remainifg).pin


https://en.wikipedia.org/wiki/Gerber_format
https://github.com/bhall66/LC-meter/tree/main/PCB
https://oshpark.com/
https://jlcpcb.com/
http://w8bh.net/LCmeter_BOM.html
http://w8bh.net/LCmeter_BuildersGuide.pdf

Stepl: Build the power supply

You willusethe following components:
J3 SW1pD1, C3, C6, Ul

Install
o0 Switch SW1.
o Diode D1, with the dark band facing
left.
0 Hectrolytic caps C3 and G8ith the
white band ¢) facing downward.
0 5V regulator Ulflat side facing up.
o DC barrel connector J3.
o Doublecheck:diode band LEFT, regulator flat face UP, capacitor white bands DOWN.

Test 1: After installing these components, apply 9VDC via thellzannector (center pin positive) and
slide the switch right to the on positiorlJse your DMM to confirm +5V betwedme pin adjacent to the
f I 6Sfandthepnd I 0 St f Sd8 shévimlindhé photbelow. Disconnect Power. If you did not
observe he correct voltage, please refer to the troubleshooting guide.
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The circuit you just buiprovidesregulated5V power to board Here is the schematic:

J4
Qv B?_ttery 5y
-— +
2 POWER SUPPLY N
Uil
SWL D1 pwR FLAG _
ON/OFF BATAD — L4931CZ50—-AP
1 | . = 1
- o o—P IN _out
=
)3 A :L 2 G
N
A *l . Ch
6-9 vbe PWR_FLAG 10uF 10uF
GND GND GND GND

Power igorovidedthrough the DC barrel connector, J3. Thisralso aroptional power input at J4.

Note that when a power plug is inserted into J3, the mechanical connection between pins 2 and 3 is
broken,removing power soucé4 from the circuit. Thiaternal switch peventscurrent from J3 flowing
into J4, and vice versa.

Diode D1 providgprotection against reversed polarity/oltage loss across the diode is minimized by
using a Schottky diode, rather than a standard 1N4@@wer diode.

Voltage reguladr U1l canhandle an input voltage of 20V, and supptyto 300mA of currenat 5V.

Capacitors C3 and C6 are required for regulator stability.c@pacitorvalues are noseritical: valuess
low as0.1uF for C1 and 2.2uF for C6 will provadiequateregulatorstability.

Resistors R3 and R4 provide a whyneasuringhe voltage input. They formaltagedivider,
providing a voltage on pin VBAT that is one half of the unregulated input voltagemigiteeontroller
cannot tolerate voltages greater than 5V on its input ptherefore power input for this device is
limited to 10V. Could yoimcrease R¥o allow higher input voltages? Of course! Just be mindful of
''MQa LIR2GSNI RAAGAALI GA2Yy O

Get ready tdouild and program your own microconroller.


https://en.wikipedia.org/wiki/Voltage_divider

Step 2 Build the microcontroller circuit

For thisstepyou will use the following
components: J5, BZ1, C9, C10, C11, C12, U
R13, Y1 Instal] from top to bottom,

J5, the 6pin programming header

10K resistor R13, below the header

Pezo BZ1

100nF capacitors C11 and C12

16MHz crystal Y1

22pF capacitors C9 drC10

28-pin socket at the position for U4, with

the notch facingeft.

0 U4, the ATmega328 microcontrollesjth
the notch facing left.

o DOUBLEHECKUA4 notch on LEFT.

O O O O o o o

———
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LC Meter Build: Step 2

Before going further, turn the board over and
inspect your saler joints. Make sure that each joint is shiny and wleltmed, with no solder bridging
adjacent pads.

2b. Install the bootloader

The next procedure is to install the bootloader. This may seem odd sinBe2whi€ the bootloadker.
However it confirms communication between your computer and the LC metéralsosetsthe MCU
hardwarefuses,configuringthe LC meteto function like an ArduinoSo,

1. Prepare your MCU programmerOO2 NRA Y 3 (2 (nkiSctionis$ ayidiofirlecDititolzNis N a
computer. | usethe AVRISInkIl. TheUSBtinylSprogrammeris anotter good choice.

2. Confirm an intact USB link between the computer and programmer. If you are using a PC, open the
device manager and make sure thaiur programmer is listed. For example, on my PC the
LINZ 3 NJ YYSNJI I LIndB3R dkkices>AVRISP inb Hz& 6

3. Sart the Arduino IDEbNn your computer From the Tools menu of the Arduino IDE,
M Select Board Arduino UNG
1 SelectProgrammer> AVRISP mkll (or your device)

4. Plug the éwire programmingcable onto to the headed5of your LC meter, making sure thdk @&
pins are firmly seated. If therogrammingcable has a red wire it will be facing LEFT toward the DC
jack.

5. Apply powerto the LC rmater, as instep1l. 3ide the switch right to the ON position(At this point,
an AVRISF 1 LLUER&ill turrfrom red togreen, confirming power to the board.)

6. From the Tools menu, seleat. dzNy . 2.2 Gf 2 RS NE

7. Check the bottom of the IDE screen for any error messatfassaysd 52y S o0 dz2NYy Ay 3 o622 0f
alliswellRedli SEG 6AGK (&KBA©BS NRAENIG D WHER N2 farihdr 2 1 RSNE 6 A f f
investigation. See the troubleshooting guide for suggestions.


https://www.ebay.com/sch/i.html?&_nkw=avrisp+mkii
https://www.adafruit.com/product/46

2c. Programthe LC meter

If the bootloader burned successfullypmpile and uploadhe LCM Test2 sketchusing thelDE
LINE 3 NhesketsiNE workirif iod JeBrthd pieZosofilyh | &

commandd ! LJX 2+ R dza Ay 3
beeping. Here iswhat you just programmed

void beep() {
tone( A3, 2000, 100);
delay(200);

}

void setup() {

void loop(void) {
beep(); beep();
delay(1000);

}

I repeat forever:
Il two beeps
/I 'and a pause

This codas easiest to read from the bottom up. Looking at the loop() routine, we see two beeps

/1 2000 Hz tone for 0.1 seconds on pin A3

followed by aone-seconddelay. Above that, beep() calls the standard Arduino tone() routine to emit a
2000Hz tone for 100m A3 is theViCUpin connected to the piezelement.

The microcontrollecircuitrequiresa few support
components. R3 keeps the Reset line high so that
the MCU does not reset accidentally. Y1, C9, and
C10 are used to providel6 MHz clock. C12
reducesnoise on the powelines and C11 redtes
noiseon the MCU internal analogircuit

The programmer sends data to the MCU ¥igins:
MOSI, MOSI, and SCkhe 3 remaining pins on the
programming header are +5V, GND, and NC (no
connection)

b2g GKIFIG ¢S KIF @S |
time to add a display.

g2 NJ|

MICROCONTROLLER

] ATmeqa328P_DIP2B
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https://github.com/bhall66/LC-meter/tree/main/diagnostics/LCM_Test2

Step3: Build the display circuit
For this section you will use components R3, RMR17, Q2TFIDisplay Install

10K resistors R3 and R4

1K resistors R14, R15, R16, R17

68-ohm resistor R18

8-pin (if not already presentind 4pin male headersn the displaymodule
Fit8-pin and 4pin female headersmthe correspondinghe male headers
Solderboth female headers to the PCB.

O O O O o o

Test 3: Turn the power on, as before, and observe the display. The display backlight should turn on. It
might be difficult to see the backlight on an unlit displsgtry sliding the switch orand-off if the
backlightis not immediately apparentGothe troubleshooting guidd ¥ @2 dz OF yQi. 4SS (KS

Using the display

The LC meter display is a gené&@D
module commonly known as the
GMSP1808. This is a 128x160 pixel TFT
display mounted on a red carrier board,
using the ST7735 driver and an SPI
interface. Itis a 3.3V devic&earch
AmazorandeBayT 2 SI07785 18 | Y
you will find many vendors. The current
price for the red Chinese Harands,
shown at right, is% My display has 8
pinson the rightwith ayellowheader
alreadyattached On the left there ian The 1.8" ST7735 display mod(rear view)
additional row of 4 holeswvithout headers

for the SD card socket.

'In 091=821 IdS 14i8°1 @

K‘B )'i"l’l

2 @
B
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SDA
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(——————

To use thisnodule, addhe followinglibrary toyour Arduino IDE

1. Go to the GitHub pagéttips://github.com/Bodmer/TET _ST77355

/| tA01 2y (GKS W/ 2RSQ odzid2y FyR aStSOG as52¢yft 2!
Start the Arduino IDEnd selecSketch > Include Library > Add .ZIP library

bl A3 GS (G2 6KSNB &2dz R24yf 2 RSR (i RDEstalua LI FAE S
fAYyS gAft NBLR2NI G[AONINE RRSR (G2 &2dz2NJ £ A6 NFN

rown

Thisdisplaylibrary is configured for our hardware by editiitg User_Setup.h file:

1. Go to the folder where the Arduino Libraries are stored. For example, on my computer, the

libraries are at €Documentd Arduind Libraries

hLISy (GKS T2t RINIGEBNEC p{o@MNI spCe p{ ¢TTopI RSLISYRAY:
hLSy GKESHWE SidzlidKE ALK | yeé GSEG SRAG2 N L d:
Edit the following lines in the file, changing the values as shown.

Pobn


http://www.lcdwiki.com/1.8inch_SPI_Module_ST7735S_SKU:MSP1803
https://www.amazon.com/s?k=st7735+1.8
https://www.ebay.com/sch/i.html?&_nkw=st7735+1.8+TFT
https://github.com/Bodmer/TFT_ST7735

#define TFT_CS 10
#define TFT_DC 9
#define TFT_RST -1

5. Save the file.
Test 3, continued: golyLJ2 6 SNJ | & 06 ST 2 NBO® Ted S (F GiktBndauflodditdok &
€2dz2NJ 62 NR® 52 @2D0playdSaiksS2y 2 adaiaull ded whiicp-& K
blacktext, with a solid blue baadround andno extraneous colors5 2 Yy Qi 06 S A ki f digly&®R A T
first time. Most issues can be solved by editing theer Setup.h .

Here is the sketch you just uploaded:

#include "TFT_ST7735.h" /I display library

TFT_ST7735 tft = TFT_ST7735(); /I display variable

void setup() {
tft.init(); /I initialize the display
tft.setRotation(3); /l in landscape mode
tft.fillScreen(TFT_ BLUB; /Il with blue background .
tft.drawString("ST7735 Display Test",10,20,2); /I add white -on-black text

void loop(void) {}

The first line, prefaced witth | A y Of dzR tBeliBrarnyitbetwé just configured The next line
instantiates thedisplayvariabled (i Fiisetup(), there are a few lines $et landscape orientation and
clear the display Finally, tft.drawString() is called to show text oa Htreen

Here is the display schematithe 1K us
resistors R14R17 allow us to use this 3.3V MSP1803_TFT
device witha 5V microcontroller. Resistor 1 g
R18 provides appropriate current limiting fo 5V ﬁ vCC SD_CS EK
the backlight LEDDisplay jns 912, which ITFGTNES\ Fa— ggu gg—mf’;{; IE)
connect to the onboard[3 card, are not | REEET\ R16 B RESET SB_CLK 13,
used in this project. [TFT_DC » TK -2 A0/DC

|MOSI\212 K }-2{ spba/MosI

D s B |—; SCK

+5V LED

Display Schematic


https://github.com/bhall66/LC-meter/tree/main/diagnostics/LCM_Test3

Step 4. Add the control circuits

L (ti@eito add a few buttons, LEDs, and
relays. For this section you will use
components R10, R11, R2, D&,S1, S2and
K2 Instalt

0 I1Kresistors R10 and R11

0 120-ohm resistor R2.

0 LEDs B(yellow) and @ (blue). For both,
the short lead goeto the square pad, so
that the flat side of LEEface left.

0 Tactile svitchesS1 and S2.

0 Reed relay K2, with themallbody notch
facing left.

Test & Download sketchCM_Testdrom
GitHub. Apply power &ploadthe sketchto
the meter. Pressnd holdS1. LED3should
flashwhile S1 is depressed?ut your ear close LC Meter Build: Step 4a

to the reed relayand listen for the faint sound

of its contacts opening and closing as D3 flasimw press and hol&2 and observe LER.D

The 2 buttons and 2 LEDs are each tied to a microcontroller pin. | like starting my sketches with a list of

the pins and the devices they are connected to.
#define C_KEY 3 /I D3: "KEY1" pushbutton
#define L_KEY 2 /I D2: "KEY2" pushbutton

#define C_LED 5 /I D5: LED for C_MODE
#define L_LED 6 /I D6: LED for L_MODE

Now we can refer téhe interface compoents by name, rather than the pin they are connected to.
Next, at the start of the sketch, each of these MCU [@rdeclarecasaninput or output:

void initPorts() { /I INITIALIZE MCU PINS
pinMode(L_KEY,INPUT_PULLUP); /I L pushbutton
pinMode(C_KEY,INPUT_PULLUP); /I C pushbutton
pinMode(C_LED, OUTPUT); /I C LED
pinMode(L_LED, ~ OUTPUT); /I L KED

}

. . . Sl
Note that thekeys are on input pins and the LEDs are on output pins. =

INPUT_PULLUP means that the MCU internally applies a pullup resistor 1 0_—_

in, ensuring that its value is logic 1 in the absence of any grounding inpu R10 D3
p g g y g g inp éfn

Look at the schematic and notice thaiegshng S1 or S2 puligs o

corresponding pin to ground. A
v

To check for key presseme has only tocheck for voltage othe GND

correspondingin via digitalRead() A depressed switch will be lagic Q


https://github.com/bhall66/LC-meter/tree/main/diagnostics/LCM_Test4

Resistors R10 and R11 limEDcurrent and set their brigtness. To turion the LEDghe MCU applies

5V to ther corresponding pingia digitalWrite() We can control both LEDs with a single routine:

void setLEDs(int ledl, int led2) { // control the LEDs
digitalWrite(L_LED,led1); [/l turn the L
digitalWrite(C_LED,led?2); / turn the C LED on/off

}

Step 4b: Addnore control circuits

For this section you will use components: R1, [
Q1,andK1 Install

1K resistors R1.

1N4148 diode D2, with band facing LEFT.
NPN transistor Q1, with flat side facing LEF
DPDT relay K1.

DOUBLECHECKD1 band LEFT, Q1 facing
LEFT.

O O O O O

Test 4b: Apply powerusing the same Test4
sketch as before Press and hold S2. Do you
hearthe DPDT relay? It is louder than the reed

LED on/off

relay. If you hear it, set your DMM as a

LC Meter Build: Step 4bloseup)

continuity tester/ohmmeter. Place the black probe to the to
pad of L1 andhe red probe to one of the four pads on the
GwSRé¢ 21 O1 Ww2again. TheBhindeter v R

should beep and show a low resistance with the same timirj
as the flashing D2 LED.

Thepartial schematidor both relaysis at right

In the top part of tke circuit,DPDT relail is controllecby
transistor Qb 2 KSy GKS al/! LAY a
Q1 isalsohigh,turning on Q1 anallowing current to flow
through the relay cojlcausing its contacts to closB2 is a
ésnubber diodé = LINB @Sy iAy3a fFNHS
power lines when the coil current collapses.

Reed relay K2 is a loaurrent device, so it does not require a
driver transistor. Resistor R2 establishesail current of
about8 mA

¢¢¢¢¢¢¢

Red Probe

it @1

Black Prabe

=l

GND GND

SPST Reed Relay

R2

SPST

Relay Schematic


https://en.wikipedia.org/wiki/Snubber

Step 5: Build the oscillator.

For this section you will use componentk C1, C4, C7, B, R12, U2Install them in the following
order:

Fixed inductor L andWIMA 2.5% film capacitdZl.
4, the tantalum capacitor, with its (+) facing UP.
Resistors R9 (1K), R12 (6.8K) aneRBF100K).
Resistors R8 (47K) and R7 (100K).

10uF electrolytic cap C7, withe white stripe DOWN.
8-pin DIPsocket for U2, with the notch UP.

Insert U2 into itssocket, with the notch UP

O O 0O O O 0O

Test5:wSLJX F OS (GKS RAALX [ &X | LOMETesHLd? 6 SINKBA aF yaR SdzlJtk2 YRS | &
2 a OA ffleduéngydibpit. It should diday a frequency of about 56800 kHz. If so, press your index

finger to the pads of red jack J1. The added capacitance from your body should reduce the frequency of
oscillation by roughly 220 kHz.

U2, anLM311 comparator is
configured as an oscillator. The
frequencydetermining
components of this oscillator are a
coil L1 and capacitor C12, which
resonate at approximatelgOOkHz.
The component under test is added
to the LC tank- either a coil in
selies with L1 or a capacitor in
parallel with C12- and the new
frequency is measured. The
change in frequency is
mathematically related to the
dzy 1y26y O2YLRYSYI
accuracy of tlsmeter depends on
internal calibration capacito€2
which is mminally a 1000pF
component with 1%olerance.

gt dzS o ¢KS

[amtN
Q
Qx¢

The LC meter works by measuring _ _
the oscillator frequeny, calculaing Oscillator Schematic
the unknowncomponenf) @aluebased on the frequengynddisplayng the resulton the LCD screen.



https://github.com/bhall66/LC-meter/tree/main/diagnostics/LCM_Test5

