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Introduction

This document is a design guide that is described about attentions to parts placement, PCB layout and wiring of PLC
evaluation board with PLC modem LSI (CPX3), Power Amp (ISL15110) and power supply IC for a direct current
power line communication (DC PLC) and in reference to BCPX3 Evaluation kit. PLC evaluation board has two kinds of
a drive method, CPX3 direct drive (after, CPX drive) type or CPX3+Power Amp drive (after, PA drive) type. As for
the PA drive, an output level has a bigger 20dB than CPX drive, PA drive is used in a case with long transmission
distance or many connection number. This document explains it when you use each drive type.

[Note]

The attention to describe with this document made the PLC board of BCPX3 evaluation kit J80D1 and J80D2 an
example. Depending on board size, parts, layout of a customer's evaluation board, there is the case that is not
necessarily effective.
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1. The circuit constitution by the drive type

This chapter shows circuit constitution of CPX drive and PA drive to Figure 1-1, Figure 1-2.
1.1 CPX drive (CPX3 direct drive)

CPX3 input/output circuit
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Figure 1-1 Constitution of the main part (CPX drive)
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1.2

PA (CPX3+Power Amp) drive

CPX3 input/output circuit
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Direct current power supply circuit
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Figure 1-2 Constitution of the main part (PA drive)
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2. Instructions about parts placement

2.1 Placement of the decoupling capacitors

211 U1 (CPX3) neighborhood parts (CPX drive/PA drive common)

About the decoupling capacitors C2 ~ C9, C11, C14, C16, C17, C23, C24 of U1 (CPX3), please places it in the
neighborhood of each terminal to Figure 2-1 and shorten a wiring pattern. Please refer to chapter 3.7 too, about product
lacement.

Decoupling capacitor of 0.1uF/1uF/10uF _ Unused space should be filled with GND
pattern

C2~C9, C11, C14, C16, C17, C23, C24 near the U1l
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Figure 2-1 Decoupling capacitors to place in the U1 (CPX3) neighborhood
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Example:
Figure 2-2 shows placement example of the decoupling capacitor with L-1/L-4 of the U1 (CPX3) neighborhood.
L1 To oo mall

Figure 2-2 Example of the decoupling capacitor with L-1/L-4 of the U1 (CPX3) neighborhood.
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21.2

U3 (ISL15110) neighborhood parts (PA drive)
About the decoupling capacitors C33 ~ C35 of U3 (ISL15110), please places it in the neighborhood of each terminal
to Figure 2-3 and shorten a wiring pattern. Please refer to chapter 3.8 too, about product placement.

Unused space should be filled with GND pattern
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Figure 2-3 Decoupling capacitors to place in the U3 (1SL15110) neighborhood
Example:
Figure 2-4 shows placement example of the decoupling capacitor with L-1/L-4 of the U3 (ISL15110) neighborhood.
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Figure 2-4 Example of decoupling capacitor placement of U3 (1SL15110)
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2.2 Placement of crystal oscillation’s neighboring circuit (CPX drive/PA drive common)

Crystal oscillation (Y1), R6, C10, C12 place the near U1 (CPX3) as much as possible to Figure 2-5 and shorten a wiring
attern. Moreover, under of crystal oscillation and neighboring place GND stereotypical pattern.
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Figure 2-5 Neighboring circuit of crystal oscillation

Example: Figure 2-6 shows placement example of Crystal(Y1) , R6, C10 and C12.
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[
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Figure 2-6 Example of crystal oscillation and neighboring circuit placement
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2.3 Direct current power supply circuit (CPX drive/PA drive common)

About inductance (L4, L5) and capacity (C54), we recommend that you insert it as impedance upper so that didn’t
affect by the impedance of the power supply circuit for the DC PLC communication to Figure 2-7. About the choice of
the inductance (L4, L5), because the input impedance of the DC PLC reception department is 1-2kQ, the impedance of
the power supply circuit side sets more than double the impedance of using frequency band so that it doesn’t affect the
DC PLC reception department input impedance. the evaluation board is L=2.7mH, for example, impedance Z, in

150kHz becomes the following expressions;

ZL =2nfL = 2 X 3.14 X 150kHz X 2.7mH = 2.54k}
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Figure 2-7 Direct current power supply circuit
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2.4 Input and Output protective circuit (CPX drive/PA drive common)

We recommend that input and output circuit for CPX drive or PA drive of PLC evaluation board insert a protective
circuit to Figure 2-8.
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Figure 2-8 Input and Output protective circuit
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3. Instructions about the PCB layout
This chapter explains the PCB layout of PLC evaluation board.

3.1 About PCB Layers (CPX drive/PA drive common)

We recommend that you adopt 4 layers PCB, and each layer's usage is shown below. Figure 3-1 shows example of the
layer constitution of each layers. In order to keep signal isolation, for noise shielding and for thermal dissipation, the
formation of the ground layer in L-2 or L-3 becomes important. For this reason, unused area of L-1 that are the signal
layer and L-2 should be used as ground pattern, and L-1 GND & L-2 GND & L-4 GND should be connected with
sufficient number of via holes (as many as possible) to strengthen. In addition, U3 (PA: 1ISL15110) should be fully

considered with the thermal design.

Main Usage
< L-1: Signal
+—_L-2: GND

L-3: VDD
«—
L-4: Signal

A

PCB

Figure 3-1 Example of the layer constitution of 4 layers board
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3.2 About GND layer (CPX drive/PA drive common)

We recommend the GND pattern (L-2 or L-3) constitute in the single layer. the GND pattern is the GND stereotypical
pattern without separating analog GND and digital GND. But, if you avoid the influence of the noise from power supply
circuit, then it becomes the effective means to isolate between other circuit’s analog GND/digital GND and GND
stereotypical pattern of power supply circuit. Figure 3-2 shows PCB layout exmple to connect only L-1’s one point that
it isolates by L-1, L-2, and L-4 between other circuit’s analog GND/digital GND and GND stereotypical pattern of

ower supply circuit.

Ground of Power supply circuit separates other grounds, and we recommend it
connect Power supply circuit’s ground to other grounds with one point.
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Figure 3-2 Example of GND pattern
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In addition, Figure 3-3 shows the instruction about the GND pattern. Unused area of signal layer fill with GND pattern
as much as possible and add a lot of via hall. It’s not necessary to bury for GND pattern in the cases that it becomes a
floating pattern of GND in the small area or becomes the antenna of the noise by the parallel wiring with signal.
Particularly, please don’t fill with GND pattern for inductor.

»

() It prevents from being divided the GND pattern.
- - ® )

(c) Don’t fill with GND pattern for inductor.

Figure 3-3 Instructions of GND pattern
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3.3

About power supply layer (CPX drive/PA drive common)

We recommend that the power supply layer place a 3.3V power supply area and a 12V power supply area using with
PLC evaluation board, and the part except the power supply area place a GND pattern. Figure 3-4 shows layout patterns

example of the power supply layer which constituted to L-3.

0

o
o <

oo

o o
2o

e

oQ

a0

0Vo000O0;

Figure 3-4 Example of the power supply area

In addition, when a power supply noise is big, and there is concern of the interference between power supply area, we
recommend that insert GND wiring (secure the space where it can place a via hale for GND) between power supply

wiring that minimize the influence of the noise to Figure 3-5.

»

+5V.

GND

+3.3V

Figure 3-5 Instructions of power supply wiring
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3.4 About thermal dissipation and back side GND (CPX drive/PA drive common)

U1(CPX3) and U3(ISL15110) need to consider GND reinforcement and thermal dissipation, it connects back side
GND. Figure 3-6 shows GND pattern constitute to each substrare layer for connecting back side PAD, please connect
each layer in via hales. GND pattern place via holes ( recommendation: ¢ 0.3mm, CPX3: 9 or more, ISL15110: 8 or
more). In addtion, the GND pattern connecting back side GND connects big wiring ( aim: 3mm or more ) with GND

attern stereotypical in L-1 or L-4.

Layer 1
/ Layer 2
/ Layer 3
/ Layer 4

Via hales

Figure 3-6 Example of thermal dissipation

Example: Figure 3-7 shows the example of back side GND of U1, U3 and the thermal dissipation

The GNDPattern connecting back side GND of U1, U3 for GND reinforcement and thermal dissipation that it
matched of the back side PAD connected to the stereotypical GND with I-4. Furthermore, these connected to each
substrate layer by via hales, CPX3 is 14, ISL15110 is 8.

Figure 3-7 Example of back side GND of U1, U3 and the thermal dissipation
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3.5  About U1 (CPX3) & U3 (ISL15110) wiring

351 About signal wiring of U1 (CPX3) (CPX drive/PA drive common)

TXPGAOUT/RXPGAIN signal of Ul (CPX3) is a differential signal. Please wires in isometry, and shields it in GND.
Figure 3-8 shows instructions of the signal wiring of U1 (CPX3).
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TXPGAOUT and RXPGAIN signal is differential pair, it wires in isometry, and shields it in GND.

Figure 3-8 Instructions of U1 (CPX3) wiring

Example:

Figure 3-9 shows example of TXPGAOUT/RXPGAIN signals of U1(CPX3). A red broken line is
TXPGAOUTP/TXPGAQUTN signals, and a green broken line is RXPGAINN/RXPGAINP signals. It is wiring in
isometry between U1 and U3.

J NG
o : S

1 $7 - eee

Figure 3-9 Example of TXPGAOUT/TXPGAIN signals of U1(CPX3)
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3.5.2 About input/output signal, Power supply and GND of U3 (ISL15110) (PA drive)

Output signal of U3 (ISL15110) flows a large current (Max:1A). Please use wide pattern. The input and output of U3
(ISL15110) is a differential signal. Please wire in isometry, and shields it in GND. Figure 3-10 shows instructions of
the signal wiring of U3 (ISL15110).

The wiring that current of up to 1A uses Output signal that current of up to 1A uses
patterns more than 1mm (Power supply patterns more than 1mm. For differential pair,
wiring of U3, GND, signal line...etc) It wires in isometry, and shields it in GND.
e S~
. f
About back side A | it Lo
GND, refer to
chapter 3.4 i ey
a ro 12v0-! cor 52‘“
iy > : TR
iz <3 ower supply:
e (A] 4 I Lef || ™ ‘ UA make patterns L all
s oy J o FEEREETT Y more than 1mm
- 181AS G:(D ﬁﬁ L——ewrp s
A4 L ,‘\g ’L‘i::\
e l
R %lvé < Differential pair (1A line)
: R;SSXWF 2% < Differential pair (0.1A line)
e g £
s 7
cas )| L> %év iﬂ - - - - - - .
rontbal | Input signal is differential pair, it wires
ca )] in isometry, and shields it in GND.

0.0220F/50v/1608

GND: make patterns
ensior more than 1mm

Figure 3-10 Instructions of U3 (ISL15110) wiring
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Example:

Figure 3-11 shows the example of the PCB layout around U3 (ISL15110). A red and a green line of (D are output
signals, and this signal uses patterns more than 1mm because current of up to 1A flows. A red and a green line
surrounded in a broken red line of @ are input signals, and are wiring in isometry. A blue broken arrow line of @ is
12V wiring pattern, and this signal uses patterns more than 1mm because current of up to 1A flows. GND of U3 of @
is connected 8 via hales in L-2 (the GND layer) and GND of L-4.

]
L-2 B
0=0 0
oo °
2% g0 °
L] L]
oOIEI o
o0 L
oo s]la]e]
Oljo
Cll:lz
00" ° -
(] e} QD Qoo
oo oo, 00
L] =} Gu:nD oo
o] Sz a0
[y oo
o 0, OO Qo
o O oo
[+ ] oo
LYY e ] o e le]
U , 20 s ., ° OOO
O - S :u o oo f 4

Figure 3-11 Example of the PCB layout around U3 (ISL15110)
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3.6 About layout of direct current power supply line (CPX drive/PA drive common)

The power supply line from a direct current power line sets in the most suitable wiring width that accepted the voltage
and current of the application to use. This document is that the power supply from a direct current power line designs
the wiring that assumed up to 1A. Figure 3-12 shows instructions of direct current power supply line.

Power supply Line

Max 1App (make patterns more than 1mm)
Wods lina (14)
. ?:3% 12 Toven TR
L&
3 WP ! i 2 1
" " Dy -
1 SR 208273 H . ; B
L P £ e
] 100V 084, T  ~T-EEEFKLNDIP
i Cl I 8| E DuFA
P10 v g
il e F] o 1 HOH-T
3 PN 13 Ex AN - -1
1 SR 30827 =

Figure 3-12 Instructions of direct current power supply line

Example: Figure 3-13 shows the example of the PCB layout for direct current power supply line

Figure 3-13 Example of direct current power supply line
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3.7 About isolation of signal wiring

3.7.1 Isolation of RXPGAIN signal (CPX drive/PA drive common)

When other signals and noises interfere the RXPGAIN signal, reception properties deteriorate. Thus, as for the
RXPAGAIN signal, please be careful enough not to interfere other signals and noises. In particular, about between the
RXPGAIN signal and crystal oscillation (Y1), X1/X2 signal, between the RXPGAIN signal and RXPGAOQOUT signal,
between the RXPGAIN signal and TXPGAOUT signal, please these signals isolate by keeping distance, by placing
shielding GND, by using different layers in consideration of interference. Figure 3-14 shows instructions of the
interference with the RXPGAIN signal.
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Figure 3-15(b)
Figure 3-14 Instructions of the interference with the RXPGAIN signal.
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Example:
Figure 3-15 shows PCB layout example between the RXPGAIN signal and crystal oscillation (Y1), X1/X2 signal,

between the RXPGAIN signal and RXPGAOUT signal, between the RXPGAIN signal and TXPGAOUT signal, in
consideration of interference.

(a) RXPGAIN signal is a red line and X1/X2(Y1) is a blue line. These are place same layer on the evaluation board, but
isolate by keeping distance.

(b) RXPGAIN signal is a red line and RXPGAOQUT signal is a blue line. These are place same layer on the evaluation
board, but isolate by placing shielding GND.

(c) RXPGAIN signal is a red line and TXPGAOUT signal is a blue line. These are place same layer on the evaluation
board, but isolate by placing shielding GND, these signal don’t wire parallel, also these signals don’t let intersect.

ENN @ - trwomlimmeyi ® U ﬁ’

RXPAGINC & L-1 RXPAG
1/X? ) ©) . € ] 2 2 . %)
o 0 P D o ’ o P ~

_. i RXP?

T = <=9 @@ || [ <=9 € ®
@) (b)

& L
\ 2
SR/XPAGIN

] - TXPGAOU
N =) @ @

N

(©
Figure 3-15 PCB layout example of RXPGAIN signal for each signal line
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3.7.2 Power supply circuit and RXPGAIN (CPX drive/PA drive common)

Because the RXPGAIN signal is easy to be affected by the noise, please isolate (recommendation: 40mm or more) by
keeping distance, by placing shielding GND, by using different layers between the RXPGAIN signal and power supply
circuit so that the noise of the power supply circuit does not interfere it. Figure 3-16 shows instructions of RXPGAIN
signal and power supply circuit.
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Figure 3-16 Instructions of RXPGAIN signal and Power supply circuit
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Example:

Figure 3-17 shows PCB layout example of RXPGAIN signal and the power supply circuit. RXPGAIN signal and the
power supply circuit isolated by keeping distance more than 40mm, by placing shielding GND patterns between
RXPGAIN signal and the power supply circuit so that the noise of the power supply circuit does not interfere it.
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Figure 3-17 PCB layout example of RXPGAIN signal and the power supply circuit
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3.8 Others (CPX drive/PA drive common)

This chapter explains the general instructions for the PCB layout to Figure 3-18. When you design the PCB, please
refer.
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0.01u
N1k
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LT
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_

(a) The bypass capacitor connects to the small order.

(b) The bypass capacitor locates in the neighborhood of the IC.

wlqgu

wi..“

(c) Under of IC pattern inserts a GND pattern.

!.L@!.e

(d) Parts locate in consideration of a current flow.

fD fD

(e) the distance of the parallel wiring shortens it as much as possible.
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L
4

Ll
i

(f) The differential signal wires it pairwise.

_#

(g) The differential signal draws isometry.

(h) The board circumference inserts GND pattern.

Figure 3-18 General instructions
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4. Instructions about the wiring pattern
This chapter shows the general instructions in the wiring pattern. When you design the PCB, please refer.
4.1 Length

Please the signal pattern doesn’t bend as much as possible, and wire at the shortest distance.
Please the signal pattern doesn’t diverge as much as possible, and wire in a single stroke of the brush.

4.2 Width

Please make the wiring width of a GND pattern and the power supply pattern wide as much as possible to lower
impedance. In the case of wiring with current specifications, please secure necessary wiring width. With the PLC
evaluation board, the signal wiring that a characteristic doesn’t have the current designation does 0.1-0.15mm, the
wiring of 1A specifications does wiring width more than 1mm.

4.3 Clearance and Creepage distance

Depending on a system and the use area of the developed PLC modem by customer, there is the case that the clearance
and creepage distance are regulated by laws and ordinances. Please confirm them.
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Website and Support
Renesas Electronics Website

http://www.renesas.com/

Inquiries

http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the use

of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics

assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or

technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or

others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or

third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on

the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.
Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
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7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to

redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,

please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the

development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and

regulations and follow the procedures required by such laws and regulations.
10.
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contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics

products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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