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The following is a description of the derivation of the application circuit component values as well as some suggested 
configurations.  The description will discuss the components needed for the P1000 transmitter and the line 
coupling/interface circuitry for various standards.  This APP Note describes how to size the line coupling components to 
work with standard requirements and possible loading conditions.  
 
The Line Coupling Circuit 

There are several functions of the Line Coupling Circuit.  Unfortunately, there are constraints by Standards, application 
space, and component manufacturers. Here is a list of the functions/goals- 

1) Connect the Line Driver to the Line 
2) Isolate the low voltage from the high voltage domains 

a. The transformer isolates the high voltage from the low voltage 
3) Reduce the 50 or 60Hz mains signal at the low voltage circuitry 

a. Provided primarily by the C3 and the transformer HV Secondary inductance. 
4) Provide band shaping of the output signal where necessary. 

a. Primarily C3, L3, and the Load.  C1, XFMR also have a role. 
5) Results in band shaping of the input signal 

a. C3, L3, Load 
6) Optimize the power / overhead voltage / signal level to provide highest signals at lowest power 

a. Line driver supply, XFMR ratio 
7) Comply with requirements and standards 

a. C3 is limited by VAR loading on the line 
b. TX Line signal and out of band noise maximum levels 

8) Work with component non-idealities  
a. Transformers have inductance leakage which will attenuate the signal at higher frequencies 
b. Attenuation with low impedance loads due to series resistances of the XFMR and other components 

9) Protect against surges (discussed in another section) 

For this application, only number 3,4, and 5 will discussed. The line interface gain makes a difference to other 
considerations, so it should be determined first.  The challenge is to provide the most signal transfer at various loads, 
even down to 1 Ohm, without having to increase the signal level.  That is difficult;  however, solutions for certain 
standards can be optimized and this paper illustrates a systematic way of deriving component values.  Of course, there 
might be some room for optimization over the course of determining the rest of the components.  
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The standard schematic for the Line Coupling (without) protection looks like the Figure below.  

 

Steps to take to design a line interface circuit- 

1) Determine the maximum value of C3 
2) Determine bandwidth/Standards requirement 
3) Adding a HV section BPF filter to help shape the band to better fit the standard, if necessary.  
4) Determine transfer function of Line Coupling Circuit 
5) Understand transformer properties  (another app note) 
6) Balance the Vout, Vload, transformer ratio, signal levels, and line driver temperature rise.   Perhaps iterate. 

(another app note) 

1)   Determine C3  
This cap value is determined not by the desired low pass filter characteristics, but by the amount of reactive load the PLC 
modem circuit will place on the electrical mains source.  Compliance to this limit is required.   Below is derivation of the 
equation to calculate it.  

𝑃𝑜𝑤𝑒𝑟௥௘௔௖௧௜௩௘ = 𝑉𝐴𝑟 =
𝑉𝑟𝑚𝑠ଶ

1
2𝜋 ∗ 𝑓𝑟𝑒𝑞 ∗ 𝐶3

 

There is a maximum reactive power (VAr), so rearranging the equation, we get- 
 

𝑉𝐴𝑟 ≥
𝑉𝑟𝑚𝑠ଶ

1
2𝜋 ∗ 𝑓𝑟𝑒𝑞 ∗ 𝐶3

 

Solving for the C3 

𝐶3 ≤
𝑉𝐴𝑟

𝑉𝑟𝑚𝑠ଶ ∗ 2𝜋 ∗ 𝑓𝑟𝑒𝑞
 

Here is a table of possible C3 capacitance maximum values- 

 

C1 C3 L3 

Rload 

Vo 

Vi C2

R2

N        :           1 

VDD



          P1000 Narrow Band PLC IP              TX Application Note 

 
Plan 9, Inc. Proprietary/Copyright          pg. 3                            1 Mar 2021/ 18 Aug 2022 

 
2) Bandwidth Requirements 
Given the upper limit of the C3 capacitance and the load value range, and not using L3 yet, calculate the High Pass Filter 
on the HV side using the below equation. 

𝐹3𝑑𝐵𝐻𝑃𝐹 =
1

2𝜋 ∗ 𝐶3 ∗ 𝐿𝑜𝑎𝑑
 

The Cutoff frequency is shown below.   

 

The graph below shows some of the results of just the C3 cap and the Load for the Celelec A, Celelec B, and the FCC 
range.  As you can see the transfer functions for 1 Ohm and 2 Ohm load has large attenuation, especially in Cenelec A 
and B. The attenuation renders the configuration without the inductor L3 practically useless for low loads for all 
standards.  In addition, without some consistency over the load impedance, the driver set to drive the 1 Ohm load could 
be overdriving the 50 Ohm load and exceeding the signal density specifications.  
 

 

 
 

1 Ohm attenuation 
is almost unusable 
for Cen A 

Cenelec A Cenelec B FCC 
50 Ohm

2 Ohm

10 Ohm

1 Ohm 
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3) Adding HV BPF Filter 
To improve the RC high pass filter cutoff frequency, the addition of an inductor (L3) to turn the RC LPF into a 2nd order 
LRC BPF can decrease the high pass filter pole and shift the center frequency to reduce the attenuation of the low 
frequency signals.  The cost is additional attenuation at the high frequency side (since it is a Band pass filter), but with 
some work, a balance can be achieved. 

𝐺𝑎𝑖𝑛 =
 
𝑅𝑙𝑜𝑎𝑑

𝐿3
∗ 𝑠

𝑠ଶ +
𝑅𝑙𝑜𝑎𝑑

𝐿3
∗ 𝑠 +

1
𝐿3 ∗ 𝐶3

 

 

𝑓𝑐𝑒𝑛𝑡𝑒𝑟 =
1

√𝐿3 ∗ 𝐶3
∗

1

2 ∗ 𝜋
 

𝑓𝑏𝑤 =
𝑅𝑙𝑜𝑎𝑑

𝐿3
∗

1

2 ∗ 𝜋
 

𝑓 ଷௗ஻ , 𝑓ଷௗ஻ =
1

2𝜋
∗

1

√𝐿3 ∗ 𝐶3
∗

⎝

⎜
⎛

ඪ1 + ൮
1

2 ∗
𝐿3

𝑅𝑙𝑜𝑎𝑑
∗

1

√𝐿3 ∗ 𝐶3

൲

ଶ

 ∓
1

2 ∗
𝐿3

𝑅𝑙𝑜𝑎𝑑
∗

1

√𝐿3 ∗ 𝐶3
⎠

⎟
⎞

 

Using the above equations and the bands for several standards, the values for L3 and C3 are determined for each load 
(1, 2, 10, 50 Ohms).  As the load becomes smaller, C3 wants to increase, but it is limited by the max C3 calculation.  Thus, 
L3 can be the only variable.  The goal is to improve the 1 Ohm and 2 Ohm BW and Gain since they are the limiting cases.  
Determining L3 to maximize the BW at 1 Ohm while keeping the Center frequency in the center of the standards band is 
what is shown on the far right of the chart. Picking the 1 Ohm case for each standard will guarantee that the BW of any 
of the higher load will only yield a larger bandwidth centered at the same Center Frequency. The values will have to be 
adjusted for commercially available inductors and capacitors.  
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4) Determine Transfer Function 
The goal is, of course, is the lowest loss over the entire band of interest given that the curves will not all be flat over the 
entire band.   Using the above filter equation which includes the C3 cap, the possible addition of L3, and the load, Rload, 
the total gain at any specific frequency can be calculated.  The integration of the magnitude of this transfer function over 
the applicable frequency range and normalized is the suggested figure of merit.  The average gain ranges from 0  to 1 
(V/V) and is a reasonable figure of merit of how good the overall  transfer function is.   
 
Below is the figure of merit equation- 

 

Also, to compare how good each solution is for all four load conditions (50, 10, 2, 1 Ohms), all four results are added 
together as another figure of merit.  The perfect score is a 4.  Below are plots  of just the RC HPF and the LRC BPF Gain 
vs. frequency for the four load conditions. Cenelec A, Cenelec B, and FCC standards are included.    
 
Cenelec A      L3=13.6uH (calculated in previous section) 

Solid lines are with L3 (BPF) and dashed are without (HPF). 

 

 
 
 

Fqh- Standard upper frequency in Hz 
Fql- Standard lower frequency is Hz 
 

Load resistance- 
50,10,2,1 
  
With L3 (L3) or 
without L3 (0) 
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The average filter transfer function in V/V and the totals are shown below: 
LOAD IN OHMS HPF WITHOUT L3 FOM BPF WITH L3 FOM COMMENTS 

50 0.99 1  
10 0.87 0.97  
2 0.35 0.69 Significantly improved 

1 0.19 0.5 Significantly improved 
TOTAL OF 4 FOM 2.4 3.16  

For the Cenelec A configuration, the addition of the L3 inductor makes a significant difference.  The gains are much more 
consistent and usable.   

Cenelec B    L3=3.4uH 

Solid lines are with L3 (BPF) and dashed are without (HPF). 

 

The Component Transfer function in V/V 

LOAD IN OHMS HPF WITHOUT L3 FOM BPF WITH L3 FOM COMMENTS 
50 1 1  
10 0.96 1  
2 0.59 0.95 Significantly improved 

1 0.35 0.85 Significantly improved 
TOTAL OF 4 FOM 2.90 3.79 Significantly improved 

 

Again, a significant improvement in average gain at lower impedance loads. 

 

 

 

 

Load resistance- 
50,10,2,1 
  
With L3 (L3) or 
without L3 (0) 
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FCC      L3=0.525uH 

Solid lines are with L3 (BPF) and dashed are without (HPF). 

 

The Component Transfer function (c used in below spreadsheet) 

LOAD IN OHMS HPF WITHOUT L3 FOM BPF WITH L3 FOM COMMENTS 
50 1 1  
10 0.99 1  
2 0.86 0.95 improved 

1 0.66 0.85 improved 
TOTAL OF 4 FOM 3.52 3.80 improved 

 

The addition of L3 for the FCC version helps, especially at a 1 Ohm load.  The leakage inductance of the transformer is 
close to this value of L3 and it might provide some or all the band shaping and an additional L3 is not needed.  Cost 
might be an issue also, so the final solution depends on various factors.  
 
 
 
Conclusion 
 
Given the messy reality of most line connections, an optimized solution is needed to achieve the signal level goals. Such 
is life. However, with these above tools, potentially a better solution can be obtained.  Given that C3 is limited by 
capacitive loading requirements, then L3 can be added to create a bandpass filter and thus shape the pass band 
frequency response to provide for a higher average gain through the line coupling circuit.  
 

Load resistance- 
50,10,2,1 
  
With L3 (L3) or 
without L3 (0) 


