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BCPX3 Evaluation Kit 

PLC Evaluation Board Design Guideline 

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) 

 

 
Figure 1-1  Constitution of the main part (CPX drive) 
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1.2 PA (CPX3+Power Amp) drive 
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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 

2.1.1 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 

placement. 

 
Figure 2-1  Decoupling capacitors to place in the U1 (CPX3) neighborhood 

 

  

Decoupling capacitor of 0.1uF/1uF/10uF 

C2~C9, C11, C14, C16, C17, C23, C24 near the U1 
Unused space should be filled with GND 

pattern 
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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. 

 
Figure 2-2  Example of the decoupling capacitor with L-1/L-4 of the U1 (CPX3) neighborhood. 
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2.1.2 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. 

 
Figure 2-3  Decoupling capacitors to place in the U3 (ISL15110) neighborhood 

 

Example:  

Figure 2-4 shows placement example of the decoupling capacitor with L-1/L-4 of the U3 (ISL15110) neighborhood. 

 
Figure 2-4  Example of decoupling capacitor placement of U3 (ISL15110) 
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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 

pattern. Moreover, under of crystal oscillation and neighboring place GND stereotypical pattern. 

 
Figure 2-5  Neighboring circuit of crystal oscillation 

 

Example: Figure 2-6 shows placement example of Crystal(Y1) , R6, C10 and C12. 

 
Figure 2-6 Example of crystal oscillation and neighboring circuit placement 

 

  

Y1 

expand 

C10 

R6 
C12 

Y1 

(a) (b) 

L-1 

L-1 



BCPX3 Evaluation Kit PLC Evaluation Board Design Guideline 

R30AN0326EJ0100  Rev.1.00  Page 10 of 30 

Nov 1, 2017  

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 1-2kΩ, 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 ZL in 

150kHz becomes the following expressions;  

 

   𝑍𝐿 = 2𝜋𝑓𝐿 = 2 × 3.14 × 150𝑘𝐻𝑧 × 2.7𝑚𝐻 = 2.54𝑘𝛺 

 

 
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. 

 

 
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: ISL15110) should be fully 

considered with the thermal design. 

 
Figure 3-1 Example of the layer constitution of 4 layers board 

  

L-1:  Signal 

L-4:  Signal 

PCB 

L-2:  GND 

L-3:  VDD 

Main Usage 
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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 

power supply circuit. 

 
Figure 3-2 Example of GND pattern 

  

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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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.  

 
Figure 3-3 Instructions of GND pattern 

  

(a) It prevents from being divided the GND pattern. 

(b) It doesn’t insert GND pattern forcibly, because it becomes the antenna of the noise. 

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



BCPX3 Evaluation Kit PLC Evaluation Board Design Guideline 

R30AN0326EJ0100  Rev.1.00  Page 15 of 30 

Nov 1, 2017  

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. 

 

 
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. 

 
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: φ0.3mm, 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  

pattern stereotypical in L-1 or L-4.  

 
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 

 
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 

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

TXPGAOUT/RXPGAIN signal of U1 (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). 

 
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/TXPGAOUTN signals, and a green broken line is RXPGAINN/RXPGAINP signals. It is wiring in 

isometry between U1 and U3.  

 
Figure 3-9 Example of TXPGAOUT/TXPGAIN signals of U1(CPX3) 

  

TXPGAOUT and RXPGAIN signal is differential pair, it wires in isometry, and shields it in GND. 

TXPGAOUT signal (L-1) It wires in isometry 

RXPGAIN signal (L-1/L-4) It wires in isometry 

U1 

U3 

L-1 L-4 
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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). 

 
Figure 3-10 Instructions of U3 (ISL15110) wiring 
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Output signal that current of up to 1A uses 
patterns more than 1mm. For differential pair, 
it wires in isometry, and shields it in GND. 

GND: make patterns 
more than 1mm 

Power supply: 
make patterns 
more than 1mm 

About back side 
GND, refer to 
chapter 3.4 

The wiring that current of up to 1A uses 
patterns more than 1mm (Power supply 
wiring of U3, GND, signal line…etc) 

Input signal is differential pair, it wires 
in isometry, and shields it in GND. 
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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 ① 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 ② are input signals, and are wiring in isometry. A blue broken arrow line of ③ is 

12V wiring pattern, and this signal uses patterns more than 1mm because current of up to 1A flows.  GND of U3 of ④ 
is connected 8 via hales in L-2 (the GND layer) and GND of L-4. 

 
Figure 3-11 Example of the PCB layout around U3 (ISL15110) 

  

①Output signal  :  For max 1A, use pattern 
more than 1mm,   It wires in isometry. 

②Input signal :  It wires in isometry. 

U3 

U3 

GND (L-2) 

U3 

GND 

④GND pattern of U3:  connect to GND Layer (L-2) 

U3 

(a) (b) 

(c) 

③Power supply line (12V) of U3: For 
max 1A, use pattern more than 1mm. L-1 L-4 

L-2 L-1 
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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. 

 
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 

 

  

Power supply Line  
Max 1App (make patterns more than 1mm) 

Power supply line:  Max 1App (make patterns more than 1mm)  

L-4 L-1 
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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 RXPGAOUT 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. 

 
Figure 3-14  Instructions of the interference with the RXPGAIN signal. 

 

  

RXPGAINP 

X1/X2(Y1) 

RXPGAIN & X1/X2 

RXPGAIN & RXPGAOUT (C21, C22) 

RXPGAOUTP/N TXAGAOUTP/N  

 RXPGAIN & TXPGAOUT 

Isolation by keeping distance or using 
different layer or placing shielding ground 

Isolation by keeping distance or using 
different layer or placing shielding ground Isolation by keeping distance or using 

different layer or placing shielding 
ground 

Figure 3-15(a) 

Figure 3-15(c) 

Figure 3-15(b) 
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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  RXPGAOUT 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. 

 
Figure 3-15  PCB layout example of RXPGAIN signal for each signal line 

 

  

RXPAGIN 

X1/X2(Y1) 

RXPAGIN 

RXPGAOUT 

RXPAGIN 

TXPGAOUT 

(a) (b) 

(c) 

L-1 L-1 

L-1 

Place shielding GND 

  

Keep distance 

Place shielding GND 
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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. 

 
Figure 3-16  Instructions of RXPGAIN signal and Power supply circuit  

RXPGAIN  

Power supply circuit & RXPGAIN 

1.1V power supply circuit 

12V power supply circuit 

Isolation by keeping distance or using 

different layer or placing shielding 

ground 

3.3V power supply circuit 

Figure 3-17:③ 

Figure 3-17:② 

Figure 3-17:① 
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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. 

 
Figure 3-17  PCB layout example of RXPGAIN signal and the power supply circuit 

 

 

 

  

RXPGAIN 

L-1 

1.1V Power 

supply circuit 

12V Power 

supply circuit 

3.3V Power 

supply circuit 

① ② 

③ 
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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. 

 
 

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

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

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

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

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

1
u
F

 

0
.0

1
u
F

 

0
.1

u

0
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1
u

F 0
.1

u
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1
u
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Figure 3-18  General instructions 

 

 

  

(f) The differential signal wires it pairwise.  

(g) The differential signal draws isometry.  

(h) The board circumference inserts GND pattern.  
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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/ 
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