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Introduction

This clinic will attempt to:
De-mystify electronics concepts

Provide practical and useful practices, and
dispel bad practices

Demonstrate applications the author has
implemented

Provide several circuit examples that highlight
the concepts introduced

Give information on component selection




Blectrical Basics - DON’T PANIC

Ohm's Law is simple! We will use this later...

a VvV the voltage across two nets/ pins

a I the current through a net/component
o R the resistance of a component

Sk P the power dissipated by a component

Various forms:
V=IxR I=V /R R=V /I
P=IxIxR P=VxV /R P=V x] ***

Given any two of V, I and R, you can calculate the
third.

*** Also note that P =V x I applies to ALL
components, not just resistors!




LEDS

This topic is limited to discrete LEDs, not strip
lighting or RGB applications.

Some LED properties:
0 They are diodes, so have a polarity
They are CURRENT devices

They dissipate power

They have a variable forward voltage drop V;
Ditferent colors have different V.

They can be destroyed or have a greatly
shortened life due to misuse




LEDs (cont.)

Bor the following discussion, I will be using
datasheets from Vishay (corporate HQ in Malvern
on Rt. 30 I!) for their family of 3mm discrete LEDs.

Polarity is indicated by the lead length and/or flat:
0 Anode (+): The positive side, the longer leg

0 Cathode (-): The negative side, flat casing edge

ANODE CATHODE

FLAT

ANODE || CATHODE
ANODE CATHODE




LEDs (cont.)

The forward voltage drop (Vy) varies with LED
color, the current, and the “batch” of the LED. Some
nominal voltages can be seen in the datasheet chart:
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This is important to determine both the dropping
resistor and the power dissipation!!!




LEDs (cont.)

ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
TLHR460., TLHY460., TLHG460.
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=

[ = Reverse Voltage (6v, but most LEDs are 5v)

Although the LED is a diode, the reverse voltage
MUST be limited. A simple silicon diode (or
another LED) can be connected in “reverse
parallel” across the LED to meet this spec.

I had a failure in a dwarf signal LED when I
accidentally ignored this specification!




LEDs (cont.)

ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
TLHR460., TLHY460., TLHG460.
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T R

-!m
Poverdsspaior | Tewsw® | A | | ww
e —— T — E——
e T T T S T S
T T —

Euldarrng temperstura
Thermal resistance junction

=}

=]
=]
4
a
HH
HI I:"‘:I I:":I I:":I -5.'

A bsolute maximum concerns:

2= DC forward current maximum - this is kind of
obvious, but my point here is that you should stay
far away from this limit, as component variations
create a lot of “slop” around your calculated
values.

I shoot for 10mA for almost all LEDs, half the
typical maximum of 20mA




LEDs (cont.)

ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
TLHR460., TLHY460., TLHG460.

(PARAMETER | TeSTCONDWION | SvMBoL | VAE | uNm |
T R
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bsolute maximum concerns:

5 = Power dissipation - per Ohms law, the power
dissipation is V x I. For example, a white LED at 10ma
could dissipate 3.6v x 10mA = 36 mW, about a third of
the limit. Double the current doubles that.

This is usually not a problem (more later...); note that
LED V; has a negative temperature coefficient; as temp
increases, Vi drops, current increases, temp increases...




LEDs (cont.)

ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
TLHR460., TLHY460., TLHG460.

(PARAMETER | TeSTCONDWION | SvMBoL | VAE | uNm |
T R
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4 = Thermal resistance - this defines how the heat
generated by the power dissipation (in free air) raises the
LED’s junction temperature; using the previous example:

36 mW x 400 K/W =14.4 °K =58 "F above ambient
Ata 70 F room temp, the junction temp is 128 °F (53.3 "C)

Again, this is usually not an issue but an enclosed LED
can get quite warm or even hot.




Ds - Common Mistake 1

2 a voltage source to directly drive an

] hi icle is posted on the NMRA website
) t e NMRA@Home page:

Voltage Regulators for Scenic LED Lighting
Featured in the Division Business Car Column appearning in the August 2022 issue of NMRA

Magazine.

As we use more and more LEDs in our model rallroad scenes, there has to be better options than =
using resistors. Mark Couvillion has come to the rescue with an article in the 100% NMRA Member San Jacinto Model

Railroad Club of Houston, Texas newsletter, The Derail His article discusses the use of small adjustable voltage regulators.

Click for related article

Even though the regulator can be adjusted in 0.1v

steps, it is still a really bad idea...



BEDs - Common

The current drawn is
VERY sensitive to the
voltage applied. For
example, from the white
LED datasheet, a typical
voltage for a 10mA
current is 3.2v.

At 3.5v, the current

DOUBLES to 20mA, or
a 100% increase for a

Mistake 1 (cont.)

0 r—TT17 T T T

|z - Forward Current (mA)

25 3.0 35 40 45

Vg - Forward Voltage (V)

The X axis (voltage) is linear scale
The Y axix (current) is LOG scale




BEDs - Common Mistake 1 (cont.)

o Using this regulator to adjust brightness gives a VERY
coarse adjustment, and risks over-current

a Driving multiEIe LEDs can be problematic, as variations
exist (even in LEDs from the same “batch”) that can

affect brightness and reliability

The article asserts that both these problems are actually
benefits.

The main reason given for this using approach?

“...hooking up a dropping resistor to each and every LED
is extremely time consuming and tedious.”

But it’s not nearly as time consuming and tedious as
replacing the failed or blown LEDs in your locos,
structures and light fixtures!!!




LEDSs - Common Mistake 2

0 Do NOT parallel two LEDs with one shared dropping resistor.

If the two LEDs are not identical, there will be “current hogging”.
The same voltage appears on both LEDs, so the current drawn %e
each can vary significantly, resulting in different brightness and
possibly even damage. As the LEDs “age”, the brightness can shift
over time - what initially was acceptable can become unacceptable
over time.

The following is from an LED datasheet:

6. Drive Method
An LED is a current-operated device. In order to ensure intensity uniformity on multiple LEDs connected in parallel in
an application, it is recommended that a current limiting resistor be incorporated in the drive circuit, in series with
each LED as shown in Circuit A below.

Circuit model A Clircuit model B

{A) Recommended circuit
{B) The brightness of each LED might appear different due to the differences in the I-V characteristics of those
LEDs.




BEDs - Common Mistake 2 (cont.)

A common response:
“I've done that and never had a problem.”

I made this mistake and learned from it:

I'had two green LEDs in a pair of three-aspect dwarf
signals in parallel. It worked fine for a while. A couple of
years later I noticed one of them wasn’t lighting. Some
painful under-layout trouble-shooting revealed that the
LEDs were both OK. I added a separate resistor for each
and everything worked fine again. LEDs can and do
“age” with time, especially if they are “on” most of the
time (as these green LEDs were).




BEDSs - Common Mistake 3

0 Failure to protect an LED against high reverse
voltage will eventually lead to LED failure (it
could take some time).

This condition doesn’t occur too often, but if you

power an LED with DCC track power it is a real
concern.

This one was also learned the hard way - again, it
was the three-aspect dwarf signals for my double

crossover. A yellow LED failed; I added the
reverse protection diodes and replaced the dwarf.




BEDs - Common Mistake 3 (cont.)

Another example: hg

I often operate on Don Bell's =
excellent railroad. He recently

added an MOW train that gets

randomly called out. To protect

the work area, he built two

“warning lights” that get placed

on the track around the work -

area, powered by the DCC track

power. During the FIRST .

deployment, one of them began

flickering and finally went

dark! He has since added reverse Added reverse

protection diode

protection with a simple diode.




BEDs - Common Mistake 3 (cont.)

Here’s a sample fix (as
implemented by Don):

%
This is a quick and dirty DCC Noaos
track power indicator. Just place

another diode, reversed, across the >
LED. This limits the reverse

voltage to about 0.7 volts, well
within spec.

Of course, yvou could also use

another LED rather than a plain

diode, and the reverse voltage Note:

would be higher but still less than All my schematics are made

the 5 volt spec. with Ki-Cad, a free package
that also includes PCB

design and layout.




D). Resistor and Voltage Selection

50, by now you probably realize that my
recommended application circuit is one LED and a
resistor with a DC voltage applied.

50 what voltage to use? I'll work a couple of examples,
using a white LED and a target 10 mA current, using
standard 5% resistor values, but with 1% accuracy.

Depending on the color, batch, temperature, etc. the
forward voltage Vi can vary. [ will also apply an
optimistic +/- 2% accuracy on the voltage supplies.




Riesistor and Voltage Selection (cont.)

Resistor

Accuracy:

Supply 2% 1%
Accuracy:

(mW)
LED Average
color Viwd max \") average | R Power
red 2.0 3.0 : 4.3 411
red 210 3.0 5 9.5 90 4
red 20 3.0 104 262
red 20 3.0 139 349
yellow 24 3.0 ; 93 86.6
yellow 24 3.0 g 96 221
green 24 3.0 - 9.3 86.6
green 24 3.0 : 96 221
white 28 36 5 : 8.8 776

white 2.8 36 : 10.0 18.1

Key Notes:

a Using a 12v supply gives much less variation in
current, at the expense of more resistor power

a Even so, the resistor power allows 1/8 watt

resistors to be used in all cases




Resistor and Voltage Selection (cont.)

Why did [ choose 10 mA LED current?

0 Many LEDs have a 20mA max spec; half is a very
safe value, allows for variations, lower heat, and
longer life.

Today’s LEDs are much brighter than those from
even 10 years ago; for many applications, you
may need to dim the LEDs even further!

Why 2% supply and 1% resistor tolerances?

o Those a reasonable values, and 1% resistors are
readily and cheaply available (even on Amazon);
the days of “binning” or “tested-in accuracy” are
long over.




Wit about Series LED connections?

Thisis possible with a 12v supply, but keep in mind
that as the resistor value (hence voltage) is reduced,
the possible variation range increases rapidly.

Remember, you can always measure the current
easily (without breaking the circuit to make a current
measurement directly) using Ohm'’s law by
measuring the voltage across the resistor: 1=V /R

Note that you can’t just cut the resistor value in half,
as the LED voltage changes very little with current
(recall that the current changes a lot with voltage
changes).

For example, for two white LEDs in series, changing
from 1000 to 680 ohms (NOT 500 ohms) gives almost
the same 10mA current at 12v.




Wihat about dimming the LED?

Often the LED will be too bright at even 10mA
current (shining through structure walls, etc.). Within
reason, the LED brightness tracks the current. Also
recall that the LED voltage changes slowly with

current.
Note:

Both axes are log scale

Thus, to a first approximation,
doubling the resistor value
will result in half the relative
brightness (in this example,
from 0.60 to 0.35. Close
enough, since the brightness
will be judged subjectively.

-IIIIIII-
-IIIIIIII-!-IIIIII

=

= -I _-- Ill
001 B 1 A
1

Ir - Forward Current (mA)

ly re) - Relative Luminous Intensity




Wihat about dimming the LED?

Using the current magnitude to control brightness has one
drawback:the LED color will change at low current values,
which can be especially noticeable with white LEDs.

The best way to dim is to use PWM (Pulse Width
Modulation), but you need a microprocessor for this (DCC
decoders use this method). This technique turns the LED on
and off very quickly, with the brightness controlled by the
ratio of ON to OFF time. The ON time is always at the full

current value, so the LED is always the same color.

0% duty cycle
J [ M. Tl | 10%dutycycle
[ ] ] ] ] ] | 25% duty cycle
L L L[ | 50%dutycycle
LI L L L 1] 50%dutycycle

] I:":I I:_:'I:.:I Ij |Jt '-III' C EIII Cle




LED Wrap Up! (Finally!

My recommendations for using LEDs for general
purpose lighting purposes is:

Use a 12v supply

Use a resistor for each LED

start with a 1K Ohm resistor to give about 10mA,;
the current in mA is the voltage across the 1K
resistor - no math needed!

If polarity can be reversed in a given application,
use a parallel reversed diode to limit the reverse
voltage




A Bonus Trick

Most pre-assembled dwarf signals are wired
common-anode, with three wires. How can you
make them work as position indicators with a
Tortoise switch motor?




A Bonus Trick

Most pre-assembled dwarf signals are wired
common-anode, with three wires. How can you
make them work as position indicators with a
Tortoise switch motor?

Two diodes
and a resistor
will do the
trick! Just wire
this across the
Tortoise power
pins, testing
first to get the ik 7SS WESLL A0TR e, B8
correct color
aspects (you
have a 50%
Connect these directly to the Tortoise supply pins.

Chance!) Pin 4 = 12v, Pin 2 = Ov —> red LED on (through D1)
Pin £ = 0w Pim .2 = d2v = green LED on {through D2)




A Bonus Trick

Most pre-assembled dwarf signals are wired
common-anode, with three wires. How can you
make them work as position indicators with a
Tortoise switch motor?

Here’s the

green LED
current

path; the
red color
path is the
mirror
image.
Connect these directly to the Tortoise supply pins.

Pin L = 12v, Pin 2 = 0Ov —> red LED on (through D1)
Pin 1 = 0Ov, Pin 2 = 12v —> green LED on (through D2)




Speaking of Tortoises...
@i down the next rabbit hole)

' As per the instruction sheet, two of the ways to
- wire a Tortoise:

BlI-Polar DC
oc .

@ —

SWITCHES

DPDT
SWITCHES

BUS WIRE

Most people use
this method.




Speaking of Tortoises...

I'prefer the Bi-Polar method; Tortoise contacts have a
propensity for failure, especially if “hot switched”. I
modify the bi-polar circuit by using DPDT switches,
Keeping the second pole free for frog power routing
in case the Tortoise contacts fail! Plus, it’s easier to
wire the switches.

As a bonus, the +/- 12v supply Bl-Polar DC
busses double as layout
lighting supplies. CAT-5 wire
works great:
use one pair for the +12v
use one pair for the -12v
use two pairs for the
common/ ground




Speaking of Tortoises...

lies are just 12v “wall warts”, connected
m. The common connection becomes

goage uind”. i o
= This gives two 12v
Bl-Polar DC lighting circuits:

d +12v to GND

> O GND to -12v

._—

SWITCHES

My layout has ~35
Tortoises, many lights,
and several other
circuits (Arduinos, etc.)
powered by the 12v
supplies and the total

current is less than 1

Amp on either 2 Amp
supply.




SYULL Speaking of Tortoises...

I'have two areas on the layout that I wanted to control

from fwo different locations - the Bi-Polar circuit
doesn t work for this! Back to the drawing board:

r————— """ " " """ "7 " /" /7 7 /00007 1
| Remote TorloIse_A| u hich |
I st t I
—Tortoise B the Tort b
7777777777777777777777777777 | i controlled. |
- I | |
| Local, /Source Panel | | |
| I I
| | » |
™ | | |
SW1A | I SW2A R1 |
SW_DPDT_x2 | | SW_DPDT_x2 1K |
- ) | | |
12w > I Cabl ! | - I
" a5y
I 1 LN I v
GND I | A Y oo |
e | | E LED |
SW1B | | Sw28 I
SW_DPDT_x2 | I SW_D I
o I I I
l I I
Tortoise_A | L e e e e 1

Y
(=}
w

S LED SZ D4

§ LED




SYLL Speaking of Tortoises...

Thisuses two DPDT switches in series. But, to get the

panel LEDs to track at both locations, they must be
powered by the same wires that drive the Tortoise,
which are the same nets on both panels:

Remote Panel

|

I

I

I

|

I

I

|

: SW2A
| SW_DPDT_x2
|
I
I
T
T
I
I
I
|
I
I

N
Sw2B
SW_DPDT_x2

These are the
SAME wires

Y
(=}
w

S LED SZ D4

§ LED




SYLL Speaking of Tortoises...

Note again that the Tortoise can be fed from EITHER

panel. Also note that CAT—5 cable is great for wiring this,
with each cable (4 é pair) supporting two turnouts. The

drawing misleadingly shows separate cables.

F} ____________________________________ 1
ote P { Torto'\se_A| u hich
1 losest ©
e Tortalis: a5l
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Lacal/Source Panel

SW_DPDT_x2

r~177
=

o
1
=<
=
(8]

Sw2e

|

|

|

|

|

|

|

|

: SW2A
|

|

I

I

|

|

| SW_DPDT_x2
|

|

Y
(=}
w

N N s

§ LED




SWMLL Speaking of Tortoises...

This works great, but it re-exposes one issue - what
to do if your Tortoise contacts fail?

0 Switch to the other set of contacts, assuming they
haven't been used (or they aren’t BOTH bad)

0 Switch to using a robust 12v automotive relay

The first solution worked for me in one case. But for
that trouble-making double crossover, all the
contacts were already being used to map polarity for
the four “frog” sections!




SYLL Speaking of Tortoises...

This could almost be a clinic of its own...but to
continue...

WIRING DIAGRAM

TORTOISE SWITCH MACHINE CONTACTS TORTOISE SWITCH MACHINE CONTACTS
NORM AL

@—

MAL
TORTOISE SWITCH MACHINE CONTACTS TORTOISE SWITCH MACHINE CONTACTS

NOTE:

RE—ALIGN TURNOUTS TO NORMAL AFTER CROSSOVER MOVES
ALL CONTACTS BREAK — BEFORE — MAKE
RECOMMEND SEPARATE DCC POWER DISTRICT FOR CROSSOVER

DWG NAME: DBL CROSSOVER — SEGMENT WIRING — TORTOISE LAYOUT: WIRING DIAGRAM SCALE: N.T.S. BY: AMT DATE CREATED: JUNE 23_11 TIME CREATED: 9:07 PM
DAT INTED: Y 9 11 JE PR p. 12 PM

N RIN




SWML L Speaking of Tortoises...

It's a very simple circuit. The inputs connect to the
Tortoise power, which will be either + or - 12v. D1
only activates the relay for one polarity. D2 is the
“snubber” diode, which clamps the inductive
Kickback of the relay coil. The contacts then mimic
the original Tortoise contacts.

DO

D1
Z 1N4001

J3 J I J
NORMA:LLLY_CLOSED NO

J4
NORMALLY_OPEN OMI I !
LN400L - L K1 ' ' ' '
D2 Generic 12v automotive SPDT relay

J5
COMMON




S/ Speaking of Tortoises...

ple relay. They are
1d handle a lot of
- this particular relay is
d for 3 Amps
coil resistance is 400 Ohms
ortoise is about 600), so it
draw only 30mA at 12v.

There are many varieties, with
different pin-outs, etc. but they
are all around $1 on Amazon,
with free shipping for Prime
members.




Ihe next topic - WIRE!

Thisalso could almost be a clinic of its own...but to
continue...some basics:

0 Wire size, known as “gauge”, specifies the cross-
section area of the conductor

0 The smaller the gauge, the larger the wire

0 T'he same gauge applies to both solid and
stranded wire

a For model railroad purposes, there is no electrical
difference - just physical (flexibility)

a [ will concentrate only on copper wire, and only on
a few readily available and often used gauges.




WIRE! (cont.)

An internet search readily turns up various charts
and data on American wire gauges.

We will focus on: aea | Diameter | Electrical Resistance. | Weigh

d 12 & 14 AWG (Circular = (mils,
Gauge* Mils) | 1000th in)
commonly used for

DCC bus wiring, and o) | (650

often house wiring

16.5 19

a 24 and 28 P me

commonly used for o w2 7

105 121

drops; |
CAT-5 wires are 24 - -

423 488

gau ge . 673 776

1070 1230

(Ohms/1000 ft) (1b/1000 ft




WIRE! (cont.)

FHere’'s a trimmed down chart.
Notice how nickel-silver rail
compares to copper wire! It's not
a great conductor, but when we
throw some numbers on it we’ll
see that it's not a problem in most
cases.

Let’s assume the following:

Electrical Resistance

(Ohms/1000 ft)

at77°F | at 149 °F
(25°C) (65°C)

1.62
2.58

1.87
2.97

16.5 19

26.2
66.2

close to NS Code 100
rail

(CAT5) and close to
NS code 83 rail

A 1.0 Amp load (pessimistic for modern locos)

12 feet of code 83 track between drops

Soldered joints
Ideal feeders (for now)




WIRE! (cont.)

AWG* Electrical Resistance
Gauge
(Ohms/1000 ft)

at77°F | at 149 °F
(25°C) (65°C)

1.62 1.87
2.58 2.97

close to NS Code 100
16.5 rail

(CAT5) and close to
26.2 NS code 83 rail

66.2

voltage drop is:

Rt;tai: 26.2/1000 x 6 feet /2drops x 2rails
(6hms/foot) (to drop) (parallel) (A and B
= 0.1572 QO

Virop = I X R =1 amps x 0.1572 Q = 0.1572 Volts

In most cases, this is not a problem...




WIRE! (cont.)

NOW’ letIS Consider the DCC bus GAa‘lljv;* Electrical Resistance Notes

(Ohms/1000 ft)

wiring (ignoring the feeders for Wi | aager

(25°C) = (65°C)
nOW) . 1.62 1.87
258 2.97

close to NS Code 100
16.5 19 rail

(CAT5) and close to
26.2 30.2 NS code 83 rail

Let's assume the following:

0 100 feet total track /bus wire

o A 10.0 Amp load (1.0 amp locally and 9.0 amps
downstream of these feeders)

The same 12 feet of code 83 track, in the middle of
the 100 feet

14 gauge bus wire
Ideal feeders




WIRE! (cont.)

The voltage drop is:

R . =258/1000 x50 feet x 2 rails
(ohms/foot) (to drop) (A and B)
= 0.258 Q)

Marop — L X R =10 amps x 0.258 Q2 = 2.58 Volts
This is a problem!!!

Going to 12 gauge wire reduces
the voltage drop to 1.62 volts. [ttt

(Ohms/1000 ft)

This is probably sufficient.

(25°C) | (65°C)

Note that this is an EXTREME T —

close to NS Code 100

Case. 16.5 19 rail

(CAT5) and close to
26.2 30.2 NS code 83 rail

66.2 76.4




WIRE! (cont.)

NOW, let,S ConSider the Electrical Resistance

(Ohms/1000 ft)

drops/feeders. t77°F | a0t

(25°C) | (65°C)

1.62 1.87
2.58 2.97

close to NS Code 100
16.5 19 rail

(CAT5) and close to
26.2 NS code 83 rail

Let's assume the following:
A 1.0 Amp load

The same 12 feet of code 83 track
24 gauge feeder wire

Feeder wires are 1 foot long, rail to bus

Ideal bus wires




WIRE! (cont.)

The voltage drop is:

R .1 =262/1000 x1feet x 2rails
(ohms/foot) (to drop) (A and B)
= 0.0524 O

VMarop | X R =1 amps x 0.0524 Q = 0.0524 Volts
This is NOT a problem!!!

Note that this analysis is
pessimistic, as it ignores the T p——

(Ohms/1000 ft)

parallel resistance of the rails

(25°C) (65°C)

1.62 1.87

which share the current and
reduces the load seen by drops. ws |1

26.2 30.2
66.2 76.4

close to NS Code 100
rail

(CAT5) and close to
NS code 83 rail




WIRE! - Conclusions

0 Your buss wire is the biggest issue; my
example was extreme, but 12 gauge is a good
choice, although 14 gauge is fine for small
layouts or if your total load is low.

12 feet of soldered rail is not an issue, as long
as the joints are soldered. Every piece of rail

NOT soldered should have a feeder in any
case, and more drops are better.

Using 24 gauge for drops/feeder is fine, it is
the least significant source of voltage drops in
the system.

If in doubt, RUN THE NUMBERS - it’s easy!




Capacitor Basics

Capacitor specs:

0 Capacitance value and tolerance
o Working voltage

a ESR - equivalent series resistance
a

Polarized (electrolytic) or non-polar (large
values have polarity)

Capacitor features:
0 Are an open circuit to DC
a Parallel values add (like series resistors)

a Series values reduce (like parallel resistors)
Example: If series caps are equal value, 4 in
series has a value of 1/4% the individual cap
value.




Capacitor Basics (cont.)

Capacitor features:

g

Large value caps are NOT effective at high
frequencies (high ESR), are usually polarized,
and have a relatively loose tolerance, often
asymmetrical; Electrolytic capacitors often have a
tolerance of -20% and +80%, so they are not
normally used where the exact value is
important, but a minimum value is.

Small value caps are needed for high frequency
applications, are usually non-polar, and can have
very tight tolerance.

Units can be micro, nano, or pico farads - “Super
Caps” can be in farads!!




Capacitor Applications
Capacitor uses in model railroading;:

0 Hiltering /decoupling of circuits like regulators,
integrated circuit supplies, etc.

0 Storage (Stay-Alive)
0 Timing circuits (will not be discussed here)

For the first application, due

to the frequency response

characteristics of various From an LM317 regulator data sheet:
caps, you should always use B

an electrolytic for low-freq ~ E———

filtering, and add a 0.1uF or

0.01uF in parallel very close

to the device being .
capacitor | 0. 1UF 10pF Capasitor
decoupled! y I I

Ground

aNo/rav
1ndino




Capacitor Applications (cont.)

Stay alive circuits using “super caps” are a major
application. They come in various values. Common
voltages are 2.7v and 5.5v. These need to be
“stacked” to get to a DCC-safe voltage. Here's a
sample schematic, explanation to follow, from:

https:/ /www flickr.com/photos/154160118@N03 /45668431465

Common Positive

100
anago | [ 13/
resistor IR

Ground

15V Zener
diode
eg. 1N5352B

Six 2.7V super-capacitor stay-alive array wired in series plus protection circuit v2




Capacitor Applications (cont.)

0 Why six caps? (6 x 2.7) = 16.2v, which should be safe
for most DCC systems/decoders assuming the
voltage is evenly divided (more later)...

0 Also note that the blue wire from the DCC decoder is
the output of a bridge rectifier, so will be about 0.7v
below the peak-peak track voltage when under load,
but will creep to 0.0v drop as the capacitors charge.

AN4007
diode

15V Zener
diode
eg. 1N5352B

Six 2.7V super-capacitor stay-alive array wired in series plus protection circuit v2




Capacitor Applications (cont.)
0 Why the 10K resistors across each cap?

0 Since the cap values can vary +/- 20%, without the
resistors, while charging, the voltage across each cap will
divide proportionately and can vary by 20% as well - the
smaller caps will end with a higher voltage!!!

0 The resistors provide a DC path that ensures that the final
DC voltage on each cap is an equal divide, to the tolerance

of the resistors (1% or 5%)

Common Positive
100
Charging AN4007 .
resistor

Ground

15V Zener
diode
eg. 1N5352B

Six 2.7V super-capacitor stay-alive array wired in series plus protection circuit v2




Capacitor Applications (cont.)
0 Why the 100 ohm charging resistor?

0 A'super cap's rated voltage assumes a limited in-rush
current, which, if exceeded, could damage or shorten

the life of the cap.

0 Additionally, this limits the current that the DCC
booster must supply and the decoder must pass,
especially an issue on power-up with multiple locos.

Common Positive

15V Zener
diode
eg. 1N5352B

Six 2.7V super-capacitor stay-alive array wired in series plus protection circuit v2




Capacitor Applications (cont.)

0 The 1N4007 diode is the “stay-alive” path that
supplies the decoder when track voltage is
interrupted.

0 The 15v Zener protects the caps from over-voltage (a
Zener diode “breaks down” at a specific reverse
voltage, limiting it); this is optional if you know your
DCC voltage is limited.

AN4007
. + + +
roun
{black}
15\\‘2
wie LN
Wi 1N5352|3 = [ = [ —j =
10kC2 10k 10k2 10k 10k<2 10k

Six 2.7V super- capacnur stay-alive array wired in series plus protection circuit v2

Common Positive




Power Supplies

In the olden days, power supplies
involved large transformers, bridge

rectifiers, and voltage regulators
(with heat sinks), and LETHAL
HIGH VOLTAGE WIRING!!!

12v and 5v Dual Power Supply Circuit

Step Down

- Transformer
- ~ 0-15v
| \\ Bridge Rectifier C+12V
1N4007x4 Ic1 Ic2
AC Input \ L7812 L7805
110V-230V | “ % 2N ouTh 24N ouTk2 0 +5V
50Hz / ° GND GND
— i
/
/7 o 0.1uF == § —L ) oouF 0.1uF == §
~ —T : = T~ 8 = 1KQ 1
~ - 1000uF/16V 2KQ GND
LED1 LED2
!\:. !\

For Complete Details Visit :
www.Circuits-DIY.com



Power Supplies (cont.)

Drawbacks of “traditional” power supplies:

0 Wiring the transformer to the dangerous AC line
voltage:

0 Adding a on/off switch
O Adding a fuse

0 Size, weight, and cost of a transformer (lots of
copper)

0 Power dissipation (thus heat). For example:

O At2 Amps, the S5v regulator dissipates (2 x (12-5)) = 14
Watts

O At7 Amps, the 12v regulator dissipates (7 x (15-12)) = 21
Watts

a0 Requires a large case/enclosure, maybe a fan

a0 Your valuable time to procure everything and then
build it




Power Supplies (cont.)

mnswer? Modern switching power supplies!!!

11 of the drawbacks mentioned, coupled with the
massive growth of household electronics and their need
~ for efficiency have driven this technology to very low
* prices for the performance achieved!

Even the lowly “wall wart” has evolved, from
~ transformer-based to switching.

Old transformer-based JAN Couple
of these

can power
all your
tortoises
and
lighting!!

New switcher - 12v @ 1.5A




Power Supplies (cont.)

bout higher power needs?
~ 0 DCC booster supplies

| 0 Kadee electro-magnetic uncoupling ramps

he answer is another “commodity” thanks to the
computer industry: laptop power supplies!!!

This example includes
adjustable output voltage
selection.

The selection of voltages
and currents available will
meet almost any need.




Power Supplies (cont.)

er power supplies are another option, and
if salvaged from an old computer. They
rovide multiple voltages, and when coupled with
mne of the many available “breakout boards” are
Sy to use.

Larticle on just this solution is in the October 2026

24 Step by Step

.: Build a multi-use power supply




Power Supplies (cont.)

ayout lighting, special supplies are
2ep in mind, with these you still have to
azardous line voltages! BE CAREFUL!!!




Power Supplies Summary

Don't build, buy! Advantages:

o Safety!lt UL listing, short circuit protection, no
need to deal with line voltages

0 Time; just change (or remove) the output
connector or wire to a terminal strip

0 Price; these things are cheap compared to legacy
supplies.

0 Wide selection of voltages and currents
available; Amazon, EBay, and many others.




[hanks for your attention!

This presentation (in PDF format) and various
support files can be found on the following web

page:

https://gdlines.org/INMRA/Electronics_clinic/index.html

Use this OR code:




