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Part 5B: Layout Placement and Routing

Ben Hurwitz, Spring 2024

Hi all, welcome to The Hive’s series on PCB Design with KiCAD. My name is Ben, and
in this series, we’ve been walking through the PCB design process using KiCAD as our
electronics design software. Part 5, where we are, is focused on the layout portion of
the design process.

In the last video, part 5A, we introduced the layout editor, also called the PCB editor,
and how to setup your design constraints and sizings.

In part 5B, | will take you through the basics of placing your compoentns, called
placement, and connecting them together, called routing. This video will primarily be
focused on showing you the gist and then having you do most of these processes, so
definitely follow along and pause to do the work.

Let’s get started.



Now that the
setupis done, we
can lay everything

out.

But where are all
the components?

We need to update
this view from the
schematic.

Press “F8” or this icon.
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It’ll take a second, but you’ll get
this window.

It will list the changes
to be applied, which
you can read through.

Click “Update PCB” to
bring the footprints
into the layout view.

Update FCE from Schematc x

Options

[C]Re-link footpeints to schematic syentols based on ther feference designators
[] Detete footprints with no symboks

[ Reotsce foctorints with those specified in the schematic

Changes To Be Applied

Asd 05 (Tootprint “switched LED_v LED_DS Dmen') a
Add L1 (footprint ‘Inductor_SMD L _1008_2520Matric_Padt 43x2 20mm_HandSoldes’)
Add R1 (footprnt ‘Resistor_SMD R _17 3216Metnc_Pad1 30t 75mm_HandSaokdar’)
Agd SW1 (footprint ‘Bution_Settch_THT SW_PUSH_Gmm'’)

Add U1 (footprint ‘Packaga_TO_SOT_SMD TSOT-23-6_HandSoldarng’)

Total warnings 0, seroes O

< x

1
show: {an Hemos @ Flwamings @ [Hacions A meos Save

Upttate PCB Chxe




)

E

Layout

NEEASPACE

Well phooey. We got some
warning and errors.

What are they?

The warnings say that the
battery symbol (BT1) has
no nets connected to its

pins Pand N.

The errors say that the BT1
footprint does not have a
padlorapad?2.

Like the ERC errors, errors
and warnings in KiCAD can
Optrans be a bit jargon-heavy. Let’s
!TF; link footprints 1o schematic syenbols i read these ca refu"y.

Upcate FLS from Sohenatc

Detete footprints with no symboik

tepiace footorints with those specified in the schematic

Changes Appiied 0 PCD
Connocled U1 pin 6 1o +8ATT
Wammng. No nel found for symbat BT1 pin P
Waming No nel found for symbal BT1 pin N
Erroe. BT1 pad 1 not found in switchedLED vOMPO_BC2032-E2
Erroe. BT1 pad 2 not found in swichedLED vO.MPD_BC2032-E2

Total warnings. 2, efrors. 2

show: ] an Flemos @ Flwamings 2 [Hacions A meas Save.
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3 BT1

When you assign a footprint to _; B a tt e ry_C e l l
™N

a symbol, KiCAD attempts to |
match the symbol pins to the
footprint’s pads.

In this case, the symbol, which

we got from the global built-in

library, has pins 1and 2, which

KiCAD attempted to match to

the footprint’s pads, which are
names Pand N.

Let’s take a quick look at the
warnings and errors again.
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Afterlinking pins 1and 2 with
pads P and N, KiCAD was
looking in the schematic’s
battery symbol for two pins
called P and N because that’s
what the footprint says they
should be called.

Obviously, it didn’t find them,
and thus there are no nets
associated with those pin

(because those pins don’t exist).

That’s the warning - no nets.

Upcate LS from Schenatc

Options
!‘: Relink footprinty 10 schematic syenbols Based an thesr reference designaton
[] Detete footprints with na symbok

Yeptace foctorints with those specified i the schematic

Changes Applied 50 PCB

Connocled U1 pin 6 1o +8ATT

Wammng. No nel found for symbat BT1 pin P

Waming No nel found for symbal BT1 pin N

Erroe. BT1 pad 1 not found in switchedLED vOMPO_BC2032-E2
Erroe. BT1 pad 2 not found in swichedLED vO.MPD_BC2032-E2

Total wamings. 2, efroes: 2

show: { A Flemos @ Flwamings 2 [Hacions 4 meas
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Similarly, KiCAD went looking
for pads 1and 2 in the footprint
because the symbol said those

should exist.

Of course, the pads are actually
called Pand N, so pads Tand 2
weren’t found in the footprint.

Hence, the errors - no pads.

| Upciate BCS from Schematc

Optians

(] Re-link foatprints to schematic syenbols based an ther reference designatarns
[] Detete tootprints with no symbois

[ Reptace toctorints with those specified i the schematic

Changes Appied %o PCB
Connocled U1 pin 8 1o vBATT
Wammng. No nel found for symbol BT1 pin P
Waming No nel found for symbal BT1 pin N
Erroe. BT1 pad 1 not found in switchedLED vOMPD_BC2032-E2
Erroe. BT1 ped 2 not found in swichedLED vO.MPD_BC2032-E2

Total wamings. 2, efrors 2

_——
show (Jan  [Flemonx @ [Flwamings 2 [Hacons  [Fmees

Ui FCH

b=
L. &
Save.
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1 This can be avoid in the
! I—a y ou t future by downloading the
symbol along with the
footprint, and then using
the specific symbolinstead.
Then they’ll be designed to

match.
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Recall that | brought this |
concern up waaaaaay back

when | said that KiCAD not
having devices improved
flexibility, but meant you have
to be careful about pins.

This is easily resolved in the
layout, so just click “Close”
for now and drop the
footprints wherever you’d
like with a left-click.

And now we know - symbol
pin numbers must match
footprint pad numbers.




ne mn > a E0 M mem

To resolve the pin/pad
mixup, we need to know
what the symbol pins are

named.

We know from the last
slide, but let’s pretend
we don’t.

00 00 00 B0

Head back to the
o O i schematic and edit the

<t gt battery symbol (Select it,
@ then CTRL+E).
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Go to “File” >
“Symbol Properties”
and check “Show pin
number”. Click “OK”.

KiCAD matches pin
numbers, not names.
Names are only for
people.
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Okay, great, now we know
that the positive terminal
is pin 1and the negative
terminalis pin 2.

Close this (saving is a
goodidea) and go back to
the layout editor.

Note the symbolin the
schematic will update
automatically if you saved.

11
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Open the properties of the
“P” pad.

(Right-click > Properties, or
select the pad and hit “E”.)

Make sure you’re just
selecting the pad alone, not
the part or something else.
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Re-number this terminal to
“1” rather than “P”.

Click OK.

If you notice “Net name” is
“<no net>” and are worried,

| don’t be - we’ll force that to

update in a second here.

13



AeE Lol - a =N B SR Nra

Repeat this for pad N
(rename to pad 2).

Then press F8 to
update the schematic-
layout link again.

g0 00 D0 00

o ©°
0 0 - o

14



B
I_
Q
<
@)
C
—

What’s
“ratsnested”?

The ratsnestisan
importantterm
that refers to all
the connections

that still need to

Tada! be made.

. , .
No warnings or errors. It’s all those thin

white lines called
airwires -those
are what need to

We know things are working because
the battery pads are now ratsnested.

_| still be connected.

15
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Now comes the first
half of the fun:

placement. Good placement will make

routing your traces much

ﬂ (much) easier.

Bad placement may make
routing impossible.

Placement refers to,
well, the actually
placement of all the
components.

An old saying is that PCB

0 IO DO IO L
o design is 90% placement and

W o ‘o £ i 10% routing.
0 —0 == ; ‘

16
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Layout - Shortcuts

» Go ahead and try placing the components now.

Move by click-and-drag or select-and-“M”

Rotate with “R”

Flip to the other side of the board with “F”.

If your component turns red, it means it’s illegally positioned
Hold CTRL to get ultra-fine positioning grid

* It may be helpfulto hide the fab layers
» It’s alot of distracting text.
* Thelittle “eye” icons on the right under “Layers”

* Next slide has a few more pointers...

17
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Layout - Tipsand Tricks

RASPACE

» One thing you may notice is why the net names are so useful. What is
“Net-(D1-A)” anyway?

+ IC datasheets often have layout recommendations. These can be very
helpful because they’re known working arrangements!

* Again, two screens is helpful here.
* Watch the ratsnest as you move parts around.

+ Conceptualize how to circuit flows together and cluster related
componens.

» Good placement takes time! No need to rush.

* Your layout will very likely not look anything like your schematic, and
that’s okay.
* Remember: the schematic is for people, and the layout is for electrons

18



The inductor should be placed as close as
possible to the switch pin to minimize the
noise coupling into other circuits.

The Cout should be connected
directly from the output schottky
diode 1o ground rather than

L LX node copper area should be minimized
HM!‘HE for reducing EMI. across the WLEDs
GND 000
600 ufe ¢
000 oUT
o T
Vin 1 - P
Ci should be placed =
as close as possible _L X 1 6 uj VIN ”-
to VIN pin for good —’o Cin s
fittering 8 eno[]2 5[] vour ’
2-2n s
=2 +¥ WLEDs
Bz 4 D EN =
¥
¥

To save you the trouble
of finding the
datasheet, here is the

recommended layout & | o e
node copper area shou
for the RT4526. minimized and keep far away o

from noise sources (LX pin) and
RS should be as close as
possible to FB pin

| suggest that you paused the video here and take some time to arrange your
components. As | mentioned already, placement is most of the work. With good
placement comes easy routing. Arranging the IC based on the datasheet’s suggestion
here is good practice, if possible.
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This is MY layout.

It may not be YOUR layout.

And that’s okay.

There are many ways to
layout a board.

For simple boards, as long
as all the connections are
made, the rest probably
doesn’t matter.

20
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Next is defining the board
outline.

If thisis a primary design

constraint, this should be

done first. But it’s not, so
we’ll do it now.

On theright, select the
“Edge-Cuts”layer. Then
use the drawing tools to
make an outline for your
board.

TR LI o
0040 0 50 U 1) @0 0

21
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| made a box.

You can be fancy if
you want, with circles
and rounded corners

or weird polygons,

but a box is totally
acceptable.

w8 snasosennecn | @

22
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Next we want to ; sall RaiBRme "
define any large
planes (or polygons
or pours).

These are copper
areas that are
completely filled
(flooded), and can be
connected to a net.

w8 snasosennecn | @
0040 0 G0 U B 1) ) O

Used widely for
ground planes or
power planes.

It’s safe to think of planes as arbitrarily-shaped traces. Larger traces have lower
impedance, so full-board planes have the lowest possible impedance of any possible
trace.

23



)

E

Layout

NEEASPACE

We’re going to make a ground

plane. These should cover a full

layer of your board to minimize
impedance.

We’ll use the bottom layer, so
select the bottom copperlayer
(B.Cu) on the right.

Then click the “Add Filled
Zone” icon (or CTRL+Shift+2),
and click the top-left corner of
your board outline (in yellow).

TIILLIIITLE
)OS 1) a8 D

Fun fact: if you’ve selected a
non-copper layer, the polygon
tool will still work, but it will
just fill on the selected layer.

24
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The “Copper Zone Properties”
window defines our zone.

Make sure the layer is right (B.Cu),
and set the netto GND (it’s a
ground plane).

“Zone priority” (left) will define the
interactions between multiple
overlapping zones.

“Clearance” (center) is critical if
you’re not getting soldermask, like
if you fab this at The Hive.

Click OK when you’re done,
and then draw the rest ofthe
zone around the board outline.

25
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Excellent.

Press “B” to fill the zone and
re-draw the ratsnest.

¥
e sssscemuin |
HEHIE0SHaH00, :
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Great!

None of the ratsnest
disappeared though.

That’s because the
ground pads aren’t
actually touching the
plane yet because they’re
onthe top side of the
board, whereas the piane
is on the bottom side.

It’s also because | made a mistake when generating the zone and set it to “no net”
rather than “GND”, so the GND pin on the battery should be connected but isn’t.

27



Select the top copper
layer (F.Cu) because
that’s where we want
LayOUt to run our traces
since the surface
mounted devices are
onthetop

THE.

HOKERSPACE

No worries. Next we’re
going to start routing.

Start by clicking this
button here to unfill the
zone. Makes it easier to

e ssescepene |
0 00 S 1) 04 068

Then press this :
button (or tap “X”) to
enter routing mode.

”

Hitting “X” will start a route where you mouse is on the canvas. Hitting the “route
icon will allow you to left-click somewhere to start the route.

28
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I’m going to start with the
LEDs because they’re the
simplest.

Just click (don’t hold) a
pad to start the route,
then drag your mouse to
the end of the route, and
click again to end it.

You don’t need to follow
the ratsnest exactly. That
just shows what needs
connecting, not always
howto connect it.

¥
“e sssscepene |
HEb DS 000N

29
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One route done!

Try to route the other
LEDs together.




As an aside,
technically the
LEDs are running
power through
them, so they
should probably
bein the “Power”
netclass. But it’s
not critical; TOmA

is very little. |

31



Now let’s connect a GND
terminal with a via.

Pick one of the capacitors;
bypass caps always want a
direct via to a ground plane,
if possible, because it’s the
shortest distance.

C

Start the route at the GND
terminal, then hit “V” to
c make a via, and then
double-click (or hit “Esc”)
to place the via and end the
trace.

Not necessary to

32
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* So now it’s you’re turn to complete the
layout.

* Hopefully it’s not too much like
drawing a horse, but the following
slides have a few tips.

* Plan to start with the IC, since that
arrangement is the most specific.

How TO:
DRAW A HORSE

34



The inductor should be placed as close as
possible to the switch pin to minimize the
noise coupling into other circuits.

L LX node copper area should be minimized

The Cout should be connected
directly from the output schottky
diode 1o ground rather than

across the WLEDs
HOEERSPACE ’0( 'Oduclng E"‘I
You don’t need multiple
. cCo00O
vias here because our 6000
designisn’t that precise. D -
Vin Y Notice that
C)\ should be ptaced a=f\"L¥=e VOUT’s trace is
as close as possible 2= Xp s via-connected
to VIN pin for good —* ==Cin underneath VIN.
fitering g oNp[ ] 2 ’
Try routing the IC to Rset : WLEDs
match the suggested FBE]] 3 4 EN P
layout from the P
datasheet. I
Note the square traces | wppler T
. . node L . .
are just an affectation. minimized and keep far away (' keep this imageip
Just make the same from noise sources (LX pin) and later too)
connections. RS should be as close as
possible to FB pin

35



If you runinto this error
(about routing starts or |-
ends violating DRC), it |
likely means that your

trade width is too wide. |

Confirmed with the
green highlights says
where the DRC is
violated.
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The trace width is set to the netclass
default right now.

Pressing “Q” brings
up a small window to

&

Adjust it to the next-smallest (16 mil)
with “W?” (or Shift + W) and try again.

Don’t forget to
change it back to
“netclass” after!

set sizing directly.

Repeat until the trace works.

You can always adjust a trace’s width
later through it’s properties panel.
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! F O rr e f e r e N C e Press “/” to flip the trace’s bend angle.

“D” will drag a trace (better than “M?)

lgND 1 000
000 r Tcom ,
ViN L + 8 o
| gt e
X1 6]V
—* ——Cp
8 G2 s[[Jvour §
Rser
TFBD] 3 4 ]en

Okay, pause the video here and try to route the IC and its associated components,
shown in my layout on the left, like the recommended layout on the right.




Not the prettiest routing job
ever, butit’ll probably work.

_Ll 000

L
6 [[]VIN

5[] vout 8
4[] enN

Part of the issue with matching the recommended layout is that our parts are much
larger than the layout expectation, so they don’t quite fit where the layout expects

them.

39



If you haven’t routed the
switch (or anything else),
now’s the time.

-
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Holy moly. We’re close to the

end of the
tutorial, but if you
were designing
this, it might be a
bitlonger before
it was really
finished due to
iterations and
DRC checking.

What a process.

41



One additional thing would =
be to add silkscreen where
necessary or desired.

Things like orientation info,
usage info, sizings, pin
functions, and more.

42



A small finishing step:
The designer’s signature

Add your name and the
project name in silkscreen
to identify the board.

Click the text icon (or
CTRL+Shift+T).

43
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Select the layer (typically
silkscreen).

Adjust the font and size if
you’d like.

Text Propernes

Text

Ben Burwitz, 2024
switchedl®D w0
[Jiecked

Layer: B FSikscreen

Fone KiCad Font
Width 3937007874

Height: 39.37007874

“Knockout” means
that the text polygons
are subtractedfrom a
rectangle on the layer.

- oo
B/ |[= » q

Thickness:| 5905511811

Mirror the text ifit’s s mess
goingtobeonthe | [its
backside of the board. "
oK Cancel

44
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End of Part 5B

And with that, we end part 5B of our PCB design with KiCAD series with a nearly
completed layout! All that’s left is to check the mechanical dimensions of the various
components, the DRC, and plot the gerbers. We'll talk about all that and more in part
5C. A PDF of this video is available as well, linked in the description and hosted on
The Hive’s Wiki.

See you there.
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